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1 Introduction

With the increasing demand of urbanization for land, Chinese

cities and towns are gradually growing from plains to mountainous
areas'!, Most studies on the mountain-city relationship derive

from the idea of “Landscape City,” which advocates building human
settlements through the integration of natural environment
(mountain) and artificial environment (city)"”. Many experts

and scholars have highlighted the importance and discussed the
construction methods of mountain-water-city spatial patterns from
perspectives of city image and cultural identity”®™"!, Serving as an
important ecological base and natural components of urban spatial
structure, mountains partly determine a city’s overall landscape
layout and appearance, especially to mountainous cities. The spatial

structure of “mountain-city integration”°!”!

refers to planning and
building urban pattern by taking mountains as structural elements
at the city scale, and embodies as an urbanized spread towards the
mountains at the neighborhood scale'”.

Urban streets support citizens’ daily commuting, leisure and
recreation, cultural exchange, and environmental protection.
The landscape of pedestrian spaces greatly affect pedestrians’
visual aesthetic perception™, which is defined by people’s visual
interaction and feedback with the landscape®. Currently, there are
increased studies on measurement and assessment of landscape
visual aesthetic quality (LVAQ hereafter) of urban streets, and
most of them focus on analyzing the city’s spatial composition of
artificial landscape elements (e.g., buildings, roads, and structures)
and natural landscape elements (e.g. vegetation, sky)”""™"" within
limited visual range. In the context of promoting mountain-city
integration, research on LVAQ assessment of urban mountains in
a relatively further visual range is expected. Based on the spatial
structure of mountain-city integration, this paper conducts a city-
scale analysis with mass open-source data such as streetscape
images and by refined measurement criteria, to examine the overall
LVAQ of street pedestrian spaces in typical mountainous cities, and
then proposes suggestions on improving the landscape quality of
street pedestrian spaces.

2 LVAQ Assessment of Urban Street Pedestrian Spaces

2.1 Visual Characteristics of Urban Landscape Aesthetics

As part of cultural ecosystem services, landscape aesthetic
experience service is a non-material benefit that human obtained
from the environment through senses of vision, hearing, and smell,

usually perceived as sensory pleasure or spiritual comfort!'?,
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Subject to individuals’ spatial aesthetic experiences and the city’s
natural-cultural environment, the visual characteristics of urban
landscape aesthetics are usually measured by naturalness, diversity,
openness, harmony, and disturbance!®®, with complex correlations
between each other. Despite the variety in types and scales, as

well as the disparity of individuals’ visual aesthetics preferences,
generally landscapes of higher naturalness, greater diversity,

better harmony, more open views, and lower disturbance are more
popular?% In addition, for mountain-integrated cities, the
mountains with high visual aesthetic quality serve as the base of the
overall urban landscape, and provide unique aesthetic experience
services in form of rich visual relationships formed by natural
landscape elements of the mountain itself (e.g. forests, bushes) and
surrounding artificial landscape elements (e.g. urban buildings)
within a certain viewshed.

2.2 Quantitative Assessment Method of LVAQ of Urban Streets

Aesthetic experience is one of the most easily perceived cultural
ecosystem services'"®. However, due to the difficulty in monetizing
such services, relevant research mostly conducts quantitative
assessments on the service capacity of different landscape types
with varying indicators that describe visual characteristics of
landscape aesthetics!'?,

1) Naturalness: The effect of naturalness is commonly
recognized as the higher naturalness the landscape has, the
better visual aesthetic experience people have. Naturalness can
be measured by the visual proportion of natural elements such as
vegetation to the streetscape, and is usually positively correlated
with vegetation coverage!”.

2) Diversity: Diversity is mainly defined by the complexity of
landscape elements. When the composition of landscape elements
of a site is visually rich, people would have a better aesthetic
experience. The study by Han Junwei et al. verified that visual
entropy and complexity of landscape elements are significantly
positively correlated", so it can be used as an indicator to reflect
the diversity of streetscapes.

3) Harmony: Harmony measures the perceived visual aesthetic
experience of the landscape by the coordinated degree among
constituent elements. Inspired the study by Wu Jiansheng et al,,
the area ratio of natural and artificial landscapes in a city can be
assigned as a quantitative indicator of landscape harmony'"?..

4) Openness: The openness refers to a certain visual range that
the pedestrian perceive in the street pedestrian spaces. Usually,

a relatively open viewshed leads to a better perceived visual

aesthetics. Li Xueying et al. evaluated openness by measuring the



ratio of sky area in streetscape pictures photographed at human
eye’s level, and found out that the larger proportion of sky area in
the picture, the better openness and visual aesthetic quality of the
corresponding street space!'®.

And 5) disturbance: People’s aesthetic experience and walking
activities on the streets are affected by their safety feelings, and
less non-motor vehicles help enhance the restorative capacity of
streetscapes'™’\. Tang Jingxian et al. evaluated street motorized
level by the proportion difference between motor vehicle lanes and
vehicles with sidewalks™.

Analyzing visibility of quality mountainous landscapes is
effective to LVAQ measurement of mountains™", Existing research
mostly adopts the Scenic Beauty Estimation Method and technical
means such as GIS, and examines factors affecting the landscape
views of the mountain, such as the vegetation coverage of the
mountains and the height limits of their surrounding buildings.
Through questionnaires on residents’ aesthetics preference,

Chen Ziru et al. found that most of them recognized the effect
of diversified mountain topography and landscape texture on
the aesthetic quality of mountain®?. As key aspects to these two
visual characteristics of mountains, the growth and the coverage
of vegetation are often quantified by indicators such as NDVI

)% Meanwhile, visible

(Normalized Difference Vegetation Index
exposed or bare mountain parts caused by sudden changes (from
natural occurrences or construction activities) in local topography,
geomorphology, and vegetation coverage are also affecting factors
to people’s visual perception in street pedestrian spaces, where
the larger the area of the visible exposed part contrasting to

the surroundings, the severer the perceived visual impact and
pollution. The LVAQ impact caused by such exposed parts

can be quantified combining evaluations on surrounding traffic
environment, the area, and the visible condition of the exposed
part, etc.” Compared with the visibility and view control of
individual buildings, that of urban mountains should focus on the
visual relationship between building clusters and mountains from
the streets, and related factors can be quantified through view
corridor/viewshed analyses™”’.

In addition, the advance of computer vision field and machine
learning algorithms allows disciplines such as Urban Planning,
Landscape Architecture, and Architecture to use relevant machine
learning methods to address urban settlement issues. The method
of semantic segmentation of images using convolutional neural
network tools based on machine learning algorithms to extract the
features of streetscape image elements has been widely applied in

research on LVAQ, including street greening and urban landscape

011

evaluation. The application of deep learning methods in analyzing

and calculating massive streetscape data obtained by open-access

platforms such as Google and Baidu has not only seen improvement

in data acquiring and processing, but also provided technical

support for large-scale and detailed evaluation on urban street

element characteristics and visual aesthetic quality

[26][27]

3 Study Area and Research Method

3.1

wit

Study Area
In this study, the historic downtown (the most populated area
h the densest road network in the city) of Jinan, Shandong

Province was selected as the study area, which covers an area
of about 203.51 km” and more than 1,300 streets"”® (Fig. 1).
The study area sits in the region of the Taishan Mountains and
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udy area and spatial distribution of urban streets and mountains within it.

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



LVAQ (landscape visual aesthetic !
quality) assessment of urban street
pedestrian spaces

Streetscape image data
collection and processing

Evaluation of the visibility |
of HVAQUML (high-visual- !
aesthetic-quality urban
mountainous landscape) to
the streets

Overall evaluation
and improvement
of LVAQ of street

pedestrian spaces

I
1
: Deep learning
I

Characteristic extraction

LVAQ evaluation of urban
mountains

Overall LVAQ

}

of urban street
pedestrian spaces

——

Extraction Mountain visibilit
of Valid data Indicator selection y
—> . assessment
streetscape selection

Evaluation result of LVAQ

o

Evaluation result of the
visibility of HYAQUML

I
I
1
I
I
I
I
I
I
: evaluation result
I
I
I
I
I
I
I
I

A

Improvement

I
I
I
I
I
I
I
I
image !
I
I
I
I
I
1
I
I

areas™™. Although Jinan government has gradually launched
projects such as the remediation of damaged mountains and

the construction of mountain parks since 2017, the study area,
typically mountain-integrated, still faces the challenge of how
to organically improve the quality of urban slow-lifestyle spaces
including street pedestrian spaces. This study uses massive
streetscape data and deep learning methods, combined with an
overlay analysis on the visibility of high-visual-aesthetic-quality
urban mountainous landscape (HVAQUML hereafter), to conduct
overall LVAQ evaluation of urban street pedestrian spaces of
multiple characteristics based on a large sample size and in an
efficient method, in order to provide a reference for improving

urban landscapes of mountain-integrated cities™".

3.2 Research Path and Methodology
This study mainly consists of four stages: data collection and

strategies

™ © Xiao Huabin, An Qi, Wu Junying, Guo Yanxin

processing of streetscape images; LVAQ assessment of urban streets
pedestrian spaces; evaluation of the visibility of HVAQUML to the
streets in the study area; and overall evaluation and optimization
of LVAQ of street pedestrian spaces in the study area (Fig. 2).

3.2.1 Streetscape Image Data Collection and Processing

Based on the Open Street Map (OSM) data collected in May;,
2019, the number of expressway, arterial road, secondary arterial
road, and branch road in the study area were 24, 81, 237, and 1,043,
respectively. The turning points and the nodes at every 100-meter
interval of each street were located in the coordinates with the
assistance of ArcGIS 10.4 software platform. Based on Python 3.5
and PyCharm platform, Baidu Map API was accessed to capture
panoramic static streetscapes (1,024 x 512 pixels) of each located
point. To simulate the visual perception of pedestrian’s perspective,
the vertical angle was set to 0° and the horizontal angle was

TN <
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2. Research path

3. The process of taking streetscape images at a sampling point in the
study area

4. Results of crawling and semantic recognition of panoramic
streetscape images in the study area
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360°. Invalid streetscapes of non-pedestrian environments such
as elevated roads and tunnels, and the image parts showing

the acquisition vehicles were trimmed. A total of 20,847 urban
streetscape images (1,024 x 290 pixels) in the study area were
finally acquired (Fig. 3).

3.2.2 LVAQ Assessment of Urban Street Pedestrian Spaces
DeepLab v3+, a semantic segmentation tool developed by
Google, was used for streetscape image feature extraction. The
tool combines probabilistic graphical model of DenseCRFs with
Diffusion-Convolutional Neural Networks (DCNNs), and its
Mean Intersection over Union (MloU) is 82.1% on the Cityscapes

t®4 which has been used in research on Chinese urban

datase
streetscapes and demonstrated a high accuracy for image
segmentation®”. This study employed DeepLab v3+ open-source
image semantic segmentation deep learning model based on
Python 3.5 platform and Tensorflow Al learning system, an open-
source library for deep learning developed by Google. Based on
the Cityscapes with fine annotations, the processed panoramic
streetscapes static images are decoded for elements, and the
proportion of pixel points occupied by each element in the image
is identified. With considerations on the visual characteristics of
urban streetscape aesthetics, evaluation indicators were selected
and calculated with corresponding quantification methods. Finally,
the spatial distribution of LVAQ assessment results of the urban
streets in the study area was visualized with ArcGIS.

3.2.3 Evaluation of the Visibility of HVAQUML to the Streets

In this study, the visibility of HVAQUML to the streets refers
to the urban streets where pedestrians can visually perceive the
mountain and the mountain is of quality landscape aesthetics,
i.e. the evaluation of HVAQUML visibility is based on both LVAQ
and mountain visibility assessment results. According to the
analysis of relevant elements affecting people’s visual aesthetic
perception of urban mountains mentioned above, the degrees of
mountain vegetation coverage and exposed parts were quantified
respectively, and then superimposed with the results of LVAQ
evaluation of mountain natural elements to evaluate the
aesthetic quality of the mountain. Based on viewshed analysis,
this research measured the visibility of each mountain from
the street sampling points, and multiplied the result by the
corresponding mountain aesthetic quality rating, and matched the
mean values of the sampling points with corresponding streets, so
as to evaluate the visibility of HVAQUML to the streets in the study
area.

3.2.4 Overall Evaluation and Optimization Strategies of LVAQ of
Street Pedestrian Space

According to the above results of LVAQ and HVAQUML visibility
evaluation of urban streets in the study area, an overall LVAQ
evaluation of street pedestrian spaces was finally obtained. By
analyzing the visual aesthetic quality characteristics of streets at
different levels, this paper also proposed optimization strategies
accordingly.

4 LVAQ Evaluation of Urban Streets

4.1 LVAQ Measurement of Urban Streets Based on Streetscapes
and Deep Learning Method

Through element identification of the panoramic static
streetscapes in the study area, a total of 18 categories of
elements (Fig. 4) such as plants, buildings, sky, sidewalks, and
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Table 1: Indicators of LVAQ evaluation of urban street pedestrian spaces

ey

Indicator Impact correlation Indicator interpretation =
Naturalness Positive Pixel count proportion of plant elements = I = \ =
Diversity Positive Visual entropy of natural elements AN
(&,
Coordination  Positive Ratio of natural elements to artificial elements 5/ jr
I/
Openness Positive Pixel count proportion of sky '“‘; !
4
Interference ~ Negative Ratio difference between vehicular environmental L
elements with pedestrian environment elements ("V_f A

Evaluation result of Evaluation result of
naturalness degree diversity degree

motor vehicle lanes were obtained after excluding insignificant
element categories™. The five landscape aesthetic characteristics
of urban streets, i.e. naturalness, diversity, harmony, openness,
and disturbance, were quantified respectively, as the indicators of
LVAQ evaluation of urban street pedestrian spaces (Table 1).

Specifically, vehicular environmental elements include motor

vehicle lanes, cars, trucks, buses, motorcycles, bicycles, and
cyclists; pedestrian environmental elements include sidewalks
and pedestrians; natural elements include plants, sky, and ground
covered with low shrubs and grass; artificial elements include
buildings, sidewalks, motor vehicle lanes, fences, walls, columns,
traffic signals, and road signs. The visual entropy of natural
elements is calculated as follows:

Evaluation result of Evaluation result of

n harmony degree openness degree

H=—-) plnp; (1)
i=1
where H is the visual entropy value of natural elements of
streetscape images, p; is the probability of occurrence of the ith
natural element (i = 1, 2, 3, ... n, n is the total number of study

objects), when p;= 0, lim0 pilnp; =0.
P>

The mean value of LVAQ evaluation results of each sampling
points was assigned to their corresponding streets using the
ArcGIS spatial connection function. According to the visualization

of LVAQ evaluation results (Fig. 5) where Natural Breaks method Legend
was used, it was found that the streets of higher naturalness level = Low
[—— Relatively low
in the study area accounted for 17%, mainly distributed in north [ Medium
of Lvyou Road (in the southeastern part of the study area) and Evaluation result of — Relatively high
. ) ] ) disturbance degree — High
the south of Xiaoqging River (in the central and southern part of
the study area). The streets of higher level of diversity accounted 5. The evaluation result of each LVAQ indicator of the streets in the study area
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for 7% and were mainly in the center of the study area and some
expressways and arterial roads. The streets of a higher level of
harmony accounted for 5% and mainly included Lvyou Road and
South Second Ring Road (in the southeast of the study area) and
North Second Ring Road (in the north of the study area). The streets
of a higher level of openness accounted for 61% and largely found
among expressways and arterial roads. The proportion of the streets
of a lower disturbance was 70% and widely found in all streets in
the study area.

4.2 LVAQ Evaluation of Urban Street Pedestrian Spaces

The entropy method is an assignment approach that can
reduce the interference of subjective factors compared with
methods such as expert scoring and hierarchical analysis"®*. The
study used the entropy method to calculate the weights of each
indicator, which mainly includes three steps: data standardization,
information entropy calculation of indicators, and indicator weight
determination. The data standardization formula is:

Sij = (%15 = Xmini)/ Kmaxi = Xmini) | (2)
Sl'j = (xmax.i - xij)/(xmax.i - xmin.i) . (3)

When the basic data with the total number of standardized
evaluation objects and indicators is m and n respectively, S;is the
standardized value of the ith indicator of the jth evaluation object,
x; indicates the value of the ith indicator of the jth evaluation object,

Xmayi aNd X, are the maximum and minimum values of the ith

max.i
indicator, respectively, wherei=1, 2,3, .., n,j=1, 2, 3, .., m. Equation
2 is used when the indicator has a positive correlation, and Equation
3 for negative correlation. The information entropy of indicators is

calculated as follows:

m
Dij = Stj/Z. Sij (4)
j=1
m
e = —(1/1nm)z Pil Inp;; . (5)

In Equation 4 and 5, p;; is the contribution of the jth evaluation
object by the ith indicator, and e, is the information entropy value of
the ith indicator—the greater the difference of the indicator value
S, the greater the contribution to the evaluation of the evaluation
object, and the smaller the entropy value. Therefore, the indicator
weights are calculated as follows:
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6. LVAQ evaluation results of the streets in the study area

wi=(-e)fy a-e, ©)

where (1-¢;) is the coefficient of variation of the ith indicator, the
larger (1-e;), the more important the indicator is; w; is the weight of
each indicator,i=1, 2, 3, ... .

According to the information entropy calculation of indicators,
the weights of naturalness, diversity, harmony, openness, and
disturbance are 0.17, 0.07, 0.51, 0.05, and 0.2, respectively. Through
an ArcGIS overlay analysis on LVAQ evaluation results of each
street and with natural breakpoint method, the overall LVAQ spatial
distribution in the study area was obtained (Fig. 6).

The evaluation results show that the overall LVAQ of the urban
street pedestrian spaces in the study area is high. A total of 390
streets had a relatively high or high aesthetic quality, accounting
for about 28%, and the proportion of street at every level was
similar. The number of streets of medium aesthetic quality was
511, accounting for 37%; they were commonly found among
expressways, arterial roads, and secondary arterial roads. 484
streets were evaluated low or relatively low in aesthetic quality,
accounting for about 35%, mainly found among branch roads.
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5 Overall LVAQ Assessment of Urban Street Pedestrian
Spaces

5.1 Evaluation of the Visibility of HVAQUML to the Streets
5.1.1 LVAQ Evaluation of Urban Mountains

LVAQ evaluation of the natural elements of urban mountains
measures two indicators (Table 2). The research first identified the
mountaintops according to the DEM data and the specific edge of
each mountain in the study area upon the contours. To measure the
vegetation coverage, the mean NDVI of each urban mountain was
obtained with the aid of ENVI (a remote sensing image processing
platform). To measure the damage degree, Maximum Likelihood
Estimation was used to classify the separable training samples
based on image data to obtain the spatial distribution of bare areas
of the mountains and calculate the proportion.

Entropy value method was used to calculate the weights of each
indicator to grade the LVAQ of the 26 mountains in the study area.
The results showed that 12 mountains had a higher LVAQ, including
Qianfo Mountain, Jinji Mountain, Yingxiong Mountain, Ma’an
Mountain, Wuli Mountain, Liuli Mountain, Jinniu Mountain, North

Table 2: Indicators of LVAQ evaluation of natural elements of urban mountains

Indicator Impact correlation Indicator interpretation

Degree of vegetation Positive The mean NDVI values of each
coverage mountain
Degree of damage of Negative Percentage of bare area of a given

the mountains mountain

Fenghuang Mountain, Yaoshan Mountain, Kuangshan Mountain,
Sushan Mountain, and Qinglong Mountain; 6 medium-LVAQ
mountains, including Dingzhi Mountain, Langmao Mountain, Qili
Mountain, Wohu Mountain, Guishan Mountain, and Yanzi Mountain;
and 8 lower-LVAQ mountains, including North Ma’an Mountain,
Biaoshan Mountain, Baima Mountain, Mawuzhai Mountain, Wanling
Mountain, Shuangding Mountain, Fohui Mountain, and Pingding
Mountain.

7. 3D model of the study area and the viewshed analysis of the scenic area of "Buddha Mountain Refleetion”
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8. Evaluation results of the visibility of HYAQUML to the streets in the study area

5.1.2 Evaluation of the Visibility of HVAQUML to the Streets

To measure the visibility of each mountain to each sampling
point, points on the ridgelines of each mountains at every 40 m
intervals were taken as target points, and a 3D model of existing
buildings and terrain in the study area constructed by ArcScene
was used for viewshed analysis. The results revealed that Qinglong
Mountain, Langmao Mountain, Qianfo Mountain, Fohui Mountain,
Pingding Mountain, Wanling Mountain, and Mawuzhai Mountain
were widely and clearly visible, especially the scenic area of the
“Buddha Mountain Reflection” including Qianfo Mountain, Fuhui
Mountain, and Pingding Mountain, which enjoyed the highest
visibility in the study area (Fig. 7).

The visibility of HVAQUML to the streets can be evaluated by
combining the evaluation results of the visibility of each mountain
to the street sampling points with the LVAQ grade of each mountain
(as the coefficient), calculating mean values of the corresponding
streets, and then grading with Natural Breaks method in ArcGIS
(Fig. 8). The results showed that the streets where HVAQUML is
less visible were mainly found in the north-central part of the study
area (between Xiaoqing River and Jingshi Road, accounting for
about 66% of the total number of streets). Generally, the visibility

017

of HVAQUML to the streets at all levels was low or medium. There
were 1,083 streets where HVAQUML is poorly visible (low and
relatively low visibility, accounting for 78%), which mainly covered
arterial roads and branch roads; there were 222 streets where
HVAQUML is roughly visible (accounting for 16%), mainly among
the expressways and secondary arterial roads in the northern

and southern parts of the study area; there were 80 streets where
HVAQUML is clearly visible (relatively high and high visibility,
accounting for about 6%), mainly including a small number of
branch roads and very few secondary arterial roads in the northern
and southern parts of the study area.

5.2 Overall LVAQ Evaluation of Urban Street Pedestrian Spaces

The study superimposed the LVAQ and HVAQUML visibility
evaluation results of urban streets to analyze the overall LVAQ of
the street pedestrian spaces in the study area (Fig. 9). The results
evidenced that overall LVAQ of the street pedestrian spaces in the
study area was high. 622 streets were evaluated as having a higher
(relatively high and high) overall LVAQ (accounting for 45%),
mainly including arterial roads and distributed in south of Yaoshan
District (in the northwest of the study area), on both sides of South
Second Ring Road (in the south of the study area), and Jingshi
Road in Shangbu Commercial Area and Mingfu Historic Area (in
the center of the study area). The total number of medium LVAQ
streets was 390 (accounting for 28%), dominated by expressways
and concentrated in the center of the study area. The number of
lower (low and relatively low) overall LVAQ streets totaled 373
(accounting for 27%), which were scattered throughout the study
area and covered mainly branch roads.

Overall LVAQ of the street pedestrian spaces in the study area
showed that the streets with high level of naturalness, diversity,
harmony, and openness, and moderate level of disturbance and the
visibility of HVAQUML® are mainly found in and around Jingshi
Road, as well as in some historical neighborhoods such as Jingqi
Road, Weisan Road, and Weiba Road (in the center of the study
area); South Second Ring Road, Yingxiongshan Road, and Lvyou
Road (in the south of the study area); and North Xiaoqing River
Road (in the north of the study area).

(D The analysis results showed that there were few streets with a high level of naturalness,
diversity, harmony, and openness, low level of disturbance, and high visibility of HYAQUML
in the study area. Combined with field investigation, the research team determined that
the streets with better overall LVAQ were the ones with high level of naturalness, diversity,
harmony, and openness, and moderate level of disturbance and the visibility of HYAQUML.
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9. The results of overall LVAQ evaluation of the urban street pedestrian spaces in the study area with the site photos of several streets

By combining the actual visual experience obtained in the street
pedestrian spaces in the study area during field investigation with
the results of medium and higher overall LVAQ streets (Fig. 9), it
was found that during the actual visual aesthetic experience in
the pedestrian spaces of expressways and arterial roads (such as
Second Ring Road South, North Xiaoqing River Road, Jingshi Road,
Yingxiongshan Road, Lvyou Road, and Jingqi Road), the perceived
level of openness and naturalness were high, disturbance was
moderate, and the visibility of HVAQUML in open areas were
sound. Although most buildings on both sides of these streets were
large in size, the perceived harmony level and the overall diversity
was good due to the considerable street widths. In the secondary
arterial roads and branch roads (especially Weisan Road and Weiba
Road in the historical neighborhoods) which had less motor traffic,
the overall vegetation coverage was often high, leading to the
high and moderate levels of perceived naturalness and openness;
Although there were more stores and buildings in the street front,
the levels of perceived harmony and diversity was high, due to the
current regulations on building height and size limits; Also, the
perceived disturbance level was low because these streets had
higher-ratio, continuous pedestrian spaces. However, since such
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streets were often located within high-density built-up urban
areas, the perceived visibility to HVAQUML was poor in the field
investigation.

6 Strategies for Optimizing Landscape Visual
Aesthetic Experience in Street Pedestrian Spaces in
the Study Area

Based on the spatial structure of mountain-city integration in
the study area, urban street pedestrian spaces with high LVAQ can
not only provide citizens with visual pleasure and slow-lifestyle
spaces, but also serve as corridors among mountains and other
natural landscape elements in the city, so as to improve the city
image by highlighting the aesthetic quality of urban mountains,
especially the mountains with high-aesthetic-quality landscapes.
Urban street spaces with varied levels and scales were different
in terms of their friendliness to walking activities, and the specific
elements that affect their visual aesthetics of the landscape also
differ. Therefore, for the strategies of optimizing landscape visual
aesthetic experience of urban street pedestrian spaces, streets’
environmental elements related to characteristics of naturalness,



diversity, harmony, openness, and disturbance should be adjusted
in line with their level and scale, as well as their cultural, historical,
and environmental qualities.

1) For areas with primary or secondary streets and larger
blocks, the existing ecological resources and landscape-city spatial
pattern should be leveraged, with expressways of high LVAQ (e.g.
Jingshi Road and North Xiaoqinghe Road) as the backbone, and so
should the edge effect of the interlacing ecological zones formed by
mountain patches and urban construction plots. It can help improve
the existing fragmented or discontinuous ecological corridors,
and create higher-level urban street pedestrian spaces with
sound vegetation coverage and visually harmonious landscape at
district scale, which would be important to enhance the ecological
environment protection and visual landscape resources of the city.

2) For the major neighborhoods and residential areas, natural
elements such as mountains should be wisely combined according
to local conditions. Based on expressways, arterial roads, and
secondary arterial roads (e.g. Yingxiongshan Road and Lvyou Road),
a network of slow-traffic system with high vegetation coverage,
rich landscape elements, open view, and safer walking environment
can be created. At the same time, it should be combined with the
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projects such as the remediation of damaged mountains and the
construction of mountain parks, to improve the integration of
ecological patches; According to specific conditions of mountains,
efficient ecological techniques need to be introduced for local
damage remediation, to improve the vegetation coverage of
mountains and create an urban-mountain interface with a higher
visual aesthetic quality.

And 3) in historical and cultural neighborhoods such as Shangbu
Commercial Area and Mingfu Historic Area, higher-LVAQ streets
(e.g. Jingqi Road, Weisan Road, and Weiba Road) should be used
as a landscape resource, which can be combined with the current
urban renewal projects on old residential areas and street fronts
alongside the city’s slow-traffic system, to form higher-LVAQ
streets that also meet higher daily walking needs. At the same time,
natural landscape elements such as mountains and forests should
be integrated by adjusting or adding green spaces and vegetation
planting; the configuration of natural or artificial elements that
reflect the traditional landscape identities of the city—such as
Spring Culture, Qilu Culture, and Literary Culture—can be improved
to integrate multi-cultural characteristics and the beauty of the
city’s traditional inter-connected streets and alleys system.
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In addition, as mentioned above, the visibility of urban
mountains is impacted by the density and height of surrounding
buildings. Therefore, the aesthetic experience services based on
the visual resources of mountains can be improved by delineating
the protection level of urban mountains and the corresponding
limitations in building density and height around them®"'. In order
to optimize HVAQUML interfaces, according to the requirements
by Jinan Central Urban Mountain Protection and Mountain
Periphery Landscape Spatial Control Plan, this paper suggests
that Qianfo Mountain, Fohui Mountain, Pingding Mountain, and
other mountains in the Buddha Mountain Reflection scenic area
with outstanding ecological, cultural, and landscape (high LVAQ)
values, or the mountains with peak height above 300 m (DEM)
and with a relative attitude above 250 m can be classified as first-
level protected mountains. For the surrounding areas of such
mountains, it is appropriate to stipulate the construction density
of multi-storey buildings no higher than 30%, and 25% for high-
rise buildings"”; the building height in the distance of 2 and 3.5
times the peak height from its edge should not exceed 1/3 and 1/2
of its height respectively™”; In addition, the building height within
200 m of the edge of the main mountain should not exceed 36 m
(Fig. 10).

7 Conclusions

Urban streets support citizens’ daily commuting, living, social,
and leisure and recreation. The study started with viewing the
landscape aesthetic visual characteristics of street pedestrian
spaces by focusing on the historic downtown of Jinan, and
measured and evaluated LVAQ of street pedestrian spaces using
panoramic static streetscapes and deep learning method. Based on
the evaluation of the aesthetic quality of mountains and viewshed
analysis, the visibility of HVAQUML to the streets was evaluated,
and then the overall LVAQ evaluation of urban street pedestrian
spaces in mountainous cities was realized. Then, informed with
the overall LVAQ evaluation results of urban street pedestrian
spaces, the paper proposed a series of optimization suggestions of
the streets at different levels to improve the harmony with urban
mountain landscapes. The study hopes to provide a reference for
the creation of mountain-city integration urban landscapes, as
well as the healthy and sustainable urban development.

In addition, due to the complexity of factors influencing
people’s visual perception and the diversity of actual needs,
future research that verifies the rationality and credibility of
this quantitative method is expected. It should also be combined
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with the age and identity characteristics of different users and
corresponding usage needs to propose more targeted strategies
for optimizing the visual aesthetics of urban street pedestrian
spaces.
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