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Abstract: Historic districts may be damaged during urban renewal. Landscape sensitivity can
be used as a method to judge the ability of a landscape to resist change. This study proposes an
improved method for assessing landscape sensitivity based on a geographic information system
(GIS) according to the characteristics of historic districts. Based on a previous method, this study
adds POI big data for comprehensive evaluation and uses objective criteria importance through
intercriteria correlation (CRITIC) statistics instead of subjective methods to determine the weights.
The assessment framework uses ecological, visual, and cultural sensitivity as primary criteria, which
are further defined by several sub-criteria. The Beishan Street Historic District in Hangzhou, China, is
used as a case study, and the results of the assessment are shown in the form of sensitivity maps. The
results show that the maps can identify buildings in areas of high sensitivity and provide objective
indicators for future conservation. Based on the sensitivity maps, this study innovatively used
correlation analysis to reveal important interrelationships between ecological, visual, and cultural
sensitivity. Assessment factors such as land use type need to be prioritized because they are more
closely linked to other factors.

Keywords: historic district; landscape sensitivity; GIS; Beishan Street

1. Introduction

Cities are expanding, urban growth demands large amounts of space, and most com-
munities emphasize economic development over the preservation of historic structures [1];
therefore, there is a progressive shrinkage of available space for historic buildings. Sustain-
able conservation of historic districts can preserve historical-cultural heritage to a large
extent without affecting urban and economic development [1].

Sustainable development requires historic districts to adapt to changes in the landscape
since urban landscapes are continually changing due to urban growth. The architectural
heritage in historic districts faces risks from both the natural environment and human
activities [2]. Landscape sensitivity can be used as a metric to judge the ability of a land-
scape to resist change and can help us reduce the risk of destroying the landscape character
of an area [3]. The definition of “landscape” according to the European Landscape Con-
vention (ELC) is “an area, as perceived by people, whose character is the result of the
action and interaction of natural and/or human factors” [4]. Landscape sensitivity refers
to the sensitivity, stability, and resistivity of a landscape to human disturbance [5]. “The
sensitivity of a landscape to change is expressed as the likelihood that a given change in
the controls of a system will produce a sensible, recognizable, and persistent response. The
issue involves two aspects: the propensity for change and the capacity of the system to
absorb the change” [6]. This description from 1979 is now recognized as the basic definition
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of “landscape sensitivity”. A landscape sensitivity assessment is not a definitive approach,
and different methods can be used depending on the needs. Nowadays, expert evaluation
and geographic information system (GIS) analysis are used to determine landscape sen-
sitivity [7], and the high-sensitivity zones identified by each technique are essentially the
same [8]. Landscape sensitivity has been applied to landscape management in some coun-
tries. For example, Historic Landscape Characterisation (HLC), an approach to landscape
management in the UK, uses the results of landscape sensitivity assessments as a basis. In
the HLC approach, one indicator of landscape-type sensitivity is the value of the capacity
to absorb change multiplied by the value of historical significance [9]. The HLC technique
can be used to compare how a projected development might impact the current landscape
while urban development and regeneration are underway [10].

Landscape sensitivity analysis can also be used in studies of cultural heritage. For
example, Mamat et al. [11] analyzed the ecological sensitivity of cultural heritage sites in
Turpan, China. In this study, we improved the landscape sensitivity method and applied
it to the assessment of historic districts. According to Landscape Character Assessment
(LCA), “Landscape occurs at all scales and the process of landscape assessment can be
undertaken at any scale [12]. Most of the time, landscape sensitivity analysis is done at the
urban scale, or even at the national scale. Fang et al. [13] conducted a visual sensitivity
analysis at the district scale. In this study, the most evident alteration in the application
of landscape sensitivity analysis to the historic district was the use of polygonal plot
boundaries. Functional regions are separated from one another by general roadways at the
urban scale [14]. By determining the archaeological, historical, and other environmental
characteristics associated with each land plot, the HLC technique determines the borders of
individual land parcels [15]. However, these boundaries are not evident in historic districts,
so in this study, we improved the method of plot segmentation by abstracting buildings as
central points and using Thiessen polygons.

Most of the previous quantitative studies on landscape sensitivity in historic districts
have been about one aspect, such as ecological [16] or visual [13] sensitivity. This study
proposes a more comprehensive landscape sensitivity assessment framework. The main
criteria of the assessment framework were determined with reference to classical theories.
According to LCA, the landscape is made up of three basic elements: the natural, the
cultural/social, and the perceptual and aesthetic [12]. Warnock and Griffiths [17] created
the Living Landscapes Project (LLP) based on LCA by classifying the landscape into
natural, cultural, and visual dimensions. Bogovac et al. [8] modeled landscape vulnerability
by categorizing the landscape into natural, cultural-historical, and visual experiences.
Manolaki et al. [18] categorized the landscape as ecological, cultural, and visual to assess
the landscape sensitivity of Cyprus. Zheng et al. [19] used visual and ecological sensitivity
maps to provide a basis for decision-making in forest park planning and management.
Overall, those studies divided the first-level criteria for analysis into three categories:
ecological, visual, and cultural sensitivity.

After identifying the main assessment factors, we identified the analytical basis for
each of the main criteria through the urban element. The landscape is a superimposition
of multiple urban elements. Sik et al. [20] divided the components of the landscape into
material and non-material. Material refers to the environment, artificial, and complex
elements, and non-material refers to artificial and behavioral elements. In this study, we
extracted five basic elements of an urban landscape: topography, landscape, street, building,
and culture. These elements of the urban landscape were superimposed and then used as
a basis for ecological, visual, and cultural sensitivity analysis (Figure 1). This landscape
is narrowly defined and refers to the land cover, such as vegetation. Based on GIS, each
sensitivity assessment factor was analyzed using a 3D model [21]. In this way, sensitivity
maps of multiple assessment factors could be drawn.
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Figure 1. Superposition of urban elements and basis of sensitivity analysis.

The Beishan Street Historic District, part of the West Lake scenic spot in Hangzhou,
China, is known as a “museum without walls”. Since 1961, some buildings in Beishan
Street have been identified as heritage buildings. The policy of the Heritage Conservation
Department is that these buildings should not be altered in any way, but the conservation
should be dynamic. The quantitative assessment results of landscape sensitivity analysis
can be used as a basis for dynamic conservation and to help avoid the risk of damaging
historic structures [22]. One benefit of sensitivity maps is that they can be used to screen
out historic structures located in high-sensitivity landscape regions. These structures will
need to be handled with greater care in the future. For example, buildings located in areas
of very high sensitivity cannot undergo any alterations and buildings located in areas of
high sensitivity can have their use changed, while buildings located in areas of medium
sensitivity can undergo minor alterations. Notably, there are interactions between the
landscape’s ecological, visual, and cultural components. Culture is a human adaptation to
ecology [23], and ecology affects culture [24]. Cultural development can trigger ecological
and visual changes in a landscape [25]. The impact of human activities on ecology includes
climatic as well as geomorphological effects [26,27]. Different ecological environments
and cultures produce different visual environments [23]. There are positive and negative
interactions between landscape and human culture [27]. We should pay attention to these
influences and try to avoid the negative impacts of human activities on the landscape. In
this study, correlation analysis by SPSS was used to determine the strength of correlations
among the assessment factors. The assessment factors that are strongly correlated with
other assessment factors should be prioritized in the future.

2. Materials and Methods
2.1. Study Area

Hangzhou is among the first batches of historical-cultural cities in China, with several
historical-cultural districts. West Lake, a representative attraction in Hangzhou, became
a World Heritage Site in 2011. The Beishan Street Historic District, located on the north
side of West Lake, was chosen as the study area because the density of cultural tourism
resources in Beishan Street, including natural and cultural resources, is significantly higher
than in other areas [28]. It became a historical-cultural district of Zhejiang Province in 2016
and is the only provincial-level historical-cultural district in the West Lake scenic area [29].
Large-scale construction of Beishan Street began during the Wu-Yue period of the Five
Dynasties (907-978), and many temples were built during this period. Among them, the
Baojiao Pagoda, built by the king of Wu-Yue, and the Giant Buddhist Temple are preserved
to this day. West Lake gained popularity as a tourist destination during the Southern
Song Dynasty (1127-1279) when Hangzhou served as the capital and experienced rapid
population growth. At that time, a significant number of private gardens were constructed
on Beishan Street. In 1913, the parapet that separated West Lake from Hangzhou was
demolished, making transportation between them convenient. Due to its excellent location,
Beishan Street attracted many government officials and wealthy merchants to build villas
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in the area. The existing buildings on Beishan Street are mainly from 1912-1949; most
of them are the former residences of famous people, and some are temples and tombs of
famous people.

This study collated the conservation heritage and historical buildings listed on the
websites of the State Administration of Cultural Heritage (http://gl.ncha.gov.cn; accessed
on 19 December 2022), national government services (http:/ /gjzwfw.www.gov.cn; accessed
on 19 December 2022), Zhejiang Provincial Bureau of Cultural Heritage (http://wwj.zj.
gov.cn; accessed on 19 December 2022), and Zhejiang government services (https://www.
zjzwfw.gov.cn; accessed on 19 December 2022). In the present day, there are 1077 heritage
buildings at all levels in Hangzhou, which are divided into five protection levels. Among
them, there are 44 historical buildings at all protection levels in the Beishan Street Historic
District. The numbers of historic buildings at each protection level in the historic district
are shown in Table 1.

Table 1. Numbers of historic buildings at each protection level in Beishan Street Historic District.

Number of Historic Buildings

Protection Level In Beishan Street

In Hangzhou Historic District
National-level Key Cultural .
Relics Protection Unit Highest level 46 4
Provincial-level Cultural Second highest 29 1
Relics Protection Unit level
City-level Cultural Relics . .
Protection Unit Third highest level 362 5
City-level Cl.ﬂtura.‘l Relics Fourth highest level 241 14
Protection Site
City-level Historical Building Lowest level 399 20
Total 1077 44

Beishan Street goes from Baojiao Road in the east to Shuguang Road in the west, borders
West Lake in the south, and is adjacent to Jewel Hill, Geling, and Qixialing in the north,
with a total length of 3381 m. The study area was determined by referring to the radius of a
residential circle of 800 to 1100 m [30], encompassing the streets that can be reached within
around 15 min along each road, starting from Beishan Street with the junctions on the east and
west sides, and these roads were utilized as the border of the study area. The study area was
finally determined to be located at the junction of Hangzhou's Xihu District, Gongshu District,
and Shangcheng District (Figure 2a). It is south of Qiushi Road, Shuguang Road, and Stadium
Road, north of Longjing Branch Road, Yanggong Riverbank, and Jiefang Road, east of Yugu
Road, Lingyin Road, and Longjing Road, and west of Zhonghe North Road (Figure 2b). The
study area covers a total area of 15.2324 square kilometers and has 2936 structures, including
243 in the Beishan Street Historic District.
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Figure 2. (a) Study area location; (b) study area.
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2.2. Data Sources and Data Preparation

We obtained the list of conservation heritage and historical buildings at all levels (as
described in Section 2.1) from official government websites, and the map and model data
from open source data.

This study used a GIS-based 3D model, including location and attribute information
as well as urban terrain elevation and building height [21]. The ecological sensitivity of
the study area was analyzed using a digital elevation model (DEM) obtained from the
Geospatial Data Cloud (https://www.gscloud.cn (accessed on 19 December 2022)). The
visual sensitivity analysis was based on the topography as well as the location and height
of buildings. Unlike ecological sensitivity analysis, visual sensitivity analysis is based
on the urban digital elevation model (UDEM) superimposed by urban topography and
buildings [31]. Plans with building height information were obtained from the Baidu
Maps open platform (https:/ /Ibsyun.baidu.com (accessed on 5 April 2022)), and the plans
were converted into 3D models in ArcScene. The 3D building block was attached to the
surface of the 3D DEM model (Figure 3a) to draw the UDEM superimposed by DEM
and building blocks (Figure 3b) [32]. In addition, street data from OpenStreetMap (OSM)
(https:/ /www.openstreetmap.org (accessed on 19 December 2022)) were added to the
model to obtain the final UDEM with streets.
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z
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V2T iy 0025051 15 zm;me
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(a) (b)
Figure 3. (a) 3D model perspective and (b) 3D model plan of study area.

This study also used land use data obtained from the European Space Agency (ESA)
WorldCover (https:/ /viewer.esa-worldcover.org/worldcover (accessed on 8 February 2023)),
Landsat 8 data obtained from the Geospatial Data Cloud (https:/ /viewer.esa-worldcover.
org/worldcover (accessed on 12 January 2023)), and point of interest (POI) data obtained
from Baidu Maps (https://lbsyun.baidu.com (accessed on 19 December 2022)).

2.3. Methods and Steps
2.3.1. Methods

1.  Thiessen polygons

A general landscape sensitivity assessment applies to large-scale areas, such as a
city. This study translates the landscape sensitivity assessment methodology into an
approach that is applicable at the district scale. Methods of defining boundaries at the
urban scale using streets as boundaries or landscape characteristics are not applicable to
the neighborhoods in this study. This study uses a new approach to plot the segmentation
of historic districts. There are many historic buildings in the study area and targeted
conservation measures should be developed for each building. Therefore, sensitivity needs
to be analyzed with the building as the smallest unit. Simply using the building plan
projection as the analysis plot and excluding greenery around the building, etc., will lead to
bias in some of the assessment factors. For example, in the sensitivity analysis of land use
type, all the land within the building plan projection is considered construction land, but
the greenery around it as part of the landscape is ignored. There are no clear boundaries
separating the plots between buildings in the study area. Therefore, this study relies on
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Thiessen polygons, proposed by climatologist A. H. Thiessen, to separate the land. The
Thiessen polygon method for separating plots was originally used by discrete weather
stations to calculate rainfall [33]. It was also used to analyze urban non-physical elements,
such as real estate prices and cab fares in different areas of the city [34,35]. The assessment
model in this study, which is proposed for historic districts, focuses on the history and
culture of non-physical elements. Therefore, the buildings in the historic district can be
abstracted as center points, and the plots can be separated by using Thiessen polygons
(Figure 4). Thiessen polygons are divided into parcels of inconsistent size. For example,
plots located on sparsely built hillsides and around the lake are much larger than those
in other locations. These sparsely built locations have open views, so the buildings reach
farther into the surrounding landscape.

W""?’E o Center point
wme 115 s [ Jbuiding

N
w+~",s "

k. e Center point
Q0205 1 15 ;S

T i saiind OPolygonaI plot

Il Building

Figure 4. Plot separation by Thiessen polygons.

The overall sensitivity level of a plot is calculated by calculating the weighted average
of sensitivity levels inside the separated polygon plot with the area as the weight (Figure 5).

Lis1 Sily; )
i1 5i
where Lv is the sensitivity level score of the whole plot; Lv; is the score of the ith sensitivity

level (low =1, moderate = 2, high = 3, very high = 4); S; is the area of the plot at the ith
sensitivity level and round means rounded to the nearest whole number.

Lv:round< i=1,2,...,n @)

o Sensitivity: moderate
Area: 123m?
I® Sensitivity: very high
Area: 284m?

-~ Sensitivity: high
Area: 19m?

Sensitivity

[ low Sensitivi g
ensitivity: moderate

- Moderate Area: 951m?

I High Sensitivity: high

I VVery high Area: 2449m?

Figure 5. Weight averaging method for calculating total sensitivity level of a plot.

This calculation is illustrated using the polygon plots in the red-edged in Figure 5
as an example. The polygon plot in the red-edged figure contains three different levels
of sensitivity areas: moderate sensitivity, high sensitivity, and very high sensitivity. As
can be seen from the figure, this polygon contains two areas of moderate sensitivity with
an area of 123 m? and 951 m?, two areas of high sensitivity with an area of 19 m? and
2449 m?, and one area of very high sensitivity with an area of 284 m? (Figure 5). According
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to Equation (1), the sensitivity score of the polygon plot in the red-edged can be calculated
as “3” (Equation (2)), which means that this polygon is a highly sensitive area.

= round 51+ (521 +522)+(S31+532) +54

0m? x 1+ (123m?4951m? ) x 2+ (19m?+2449m? ) x3+284m? x4
0m?2+(123m2+951m?) + (19m?2+2449m?) +284m?

= round(2.79) = 3

i
SqxLvq Jr(Sz] +522) X L02+(S3] +S32) X Lug+S4x Loy :|

= round

} 2

The sensitivities for all polygon plots in the study area were calculated using this
weighted formula.

2. Criteria importance through intercriteria correlation (CRITIC)

Historic district assessment focuses on history and culture, so landscape sensitivity
analysis generally uses expert evaluation to determine the weights, a method based on
subjective judgment. This study determines the weights of assessment factors based on the
CRITIC method in statistics. This objective assessment method was used as a complement
to the subjective assessment method used in the previous study. CRITIC weights were
determined by the variability of indicators and conflict between indicators [36]. The
variability of indicators is expressed using standard deviation, and if a higher standard
deviation of the data indicates greater fluctuation, the weights will be higher. The conflict
between indicators is expressed using the correlation coefficient; a larger value of the
correlation coefficient between indicators means the conflict is smaller, and its weight will
be lower. The weights are calculated by multiplying the intensity of comparison with the
conflictedness indicator and normalized to get the final weights [37].

3. Shannon-Wiener index (SHDI)

The SHDI is a classical method of determining the functional mixing degree of land
use. The more functional types there are within a plot, the higher the degree of mixing. In
this study, the functional mixing degree of urban land use was calculated using POI data
based on the SHDI calculation method [38]:

Ki
SHDI; = =Y puln(py) i=1,2, .., n 3)
k

where i is the plot indeX, k is the POI category index, K; is the total number of POI categories
in the ith grid, and pj is the ratio of the number of the kth POI category to the total number
of POI categories in the ith grid.

When there is only one POI category in the local grid, the value of SHDJ is 0; the
value will be larger if the grid contains multiple POI categories.

4. Kernel density analysis

Kernel density can be used to reflect the aggregation of geographic elements in the
study area; the higher the value, the denser the element points. This study used kernel
density to analyze the aggregation of heritage buildings and tourist attractions.

fn(x)znlhiék(x;xi) @)

where k(x) is the kernel density function; / is the bandwidth, also called the search radius,
which is greater than 0; x — x; is the distance from estimated point x to sample point x; and
n is the number of points in space.
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2.3.2. Steps

In this study, we created a three-step process for assessing the sensitivity of a landscape.

First, we created a modeling framework for assessing landscape sensitivity. Then we created
landscape sensitivity maps in ArcGIS. Finally, we provided objective indicators for the
preservation of Beishan Street and other historic districts.

1.

Create landscape sensitivity assessment model: The assessment framework for land-
scape sensitivity is not fixed, and different assessment factors can be identified de-
pending on the characteristics of the study area. Beishan Street Historic District has a
characteristic landscape. First, Beishan Street is bordered by mountains on the north
side and water on the south side, with a complex ecological environment. Second,
Beishan Street belongs to the famous West Lake scenic area and attracts many tourists,
so management needs to focus on the visual perception of tourists. Finally, there are
many conservation buildings with high historical value located on Beishan Street, and
they are important carriers of the city’s cultural memory. In summary, the assessment
factors of this study were determined based on the urban elements and landscape
characteristics of the Beishan Street Historic District. The primary assessment fac-
tors were identified as ecological, visual, and cultural sensitivity, and 12 secondary
assessment factors were further identified (Figure 6).

—{ Elevation ]

—[ Land use type ]

Landscape —[ Slope ]
ecological

sensitivity —{ Aspect ]

—[ Distance from water ]

sensitivity P —[ Traffic accessibility ]
Landscape

—  visual { Street view ]
sensitivity

- —[ Random point view ]

— SHDI ]
Landscape

—— cultural {Density of heritage buildings]
sensitivity

—[ Density of tourist attractions ]

Figure 6. Landscape sensitivity assessment framework.

2.

Draw sensitivity maps: Sensitivity maps of the study area for each secondary assess-
ment factor were drawn in ArcGIS. The weights were determined by the CRITIC
method, which can reflect the variability of indicators and the conflict between indica-
tors [36]. The weighted overlay was used on all sensitivity maps of single assessment
factors to draw a total sensitivity map.

Provide a basis for preservation decisions: The sensitivity maps are used to analyze
the current state of landscape sensitivity and predict landscape changes that may
be caused by conservation decisions. At the same time, the correlations between
assessment factors are analyzed by statistical methods in order to find the assessment
factors with greater impact. The above two analyses show what needs to be focused
on in future conservation decisions.
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3. Results
3.1. Landscape Sensitivity Analysis

According to the National Ecological Function Zoning, the landscape is divided into four
levels: very highly sensitive, highly sensitive, moderately sensitive, and low sensitive areas [39].
Then, each sensitivity level is classified according to the appropriate assessment criteria.

3.1.1. Landscape Ecological Sensitivity Analysis

Buildings do not exist independently from their environment, and the landscape envi-
ronment surrounding them is an important part of conservation. In this study, ecological
sensitivity was analyzed for topographic and landscape elements (Figure 1). Referring
to the land sensitivity assessment methods in previous studies, such as those by Tsou
et al. [40], Yilmaz et al. [41], and Ozhanci and Yilmaz [42], ecological sensitivity analysis
selects evaluation factors based on the characteristics of the study area. Previous studies of
land sensitivity included both landscape elements (slope, waterfront distance, etc.) and
ecological changes (erosion, landslides, desertification, etc.). In this study, the study area
is small and located in the city, so landscape elements were chosen to evaluate ecological
sensitivity instead of ecological changes. First, land use type was chosen as the assessment
factor because the study area includes a variety of land types such as building land, forest
land, grassland, and water. Second, elevation, slope, and slope direction were selected
because the northern side of the study area is a gently sloping mountainous area. Third,
normalized difference vegetation index (NDVI) was selected because the northern side of
the study area is mountainous with large areas of vegetation cover. Lastly, distance from
water was selected because there are large areas of water on the south side of the study
area. In summary, the ecological sensitivity of the landscape in this study was assessed by
six factors: elevation, land use type, slope, aspect, distance from water, and NDVI. The
higher the ecological sensitivity of the building’s surroundings, the more vulnerable the
ecological environment around the building is to damage from human activities.

1. Elevation: The higher the elevation, the weaker the renewal capacity of nature, the
higher the number of vulnerable species, and the higher the level of sensitivity [42].
DEM data directly display the elevation. Considering the topographic and climatic
characteristics of the study location, the reference standard was taken from other
studies that covered areas near the subject location in Hangzhou, China [40]. In this
way, the assessment criteria for the sensitivity levels could be determined, and an
elevation sensitivity map was drawn (Figure 7a).

2. Land use type: Land use types were classified using ESA WorldCover data. There is a
wide variety of land use types in the study area, eight in total. The land use types in
the southern, northwestern, and eastern areas of Beishan Street are mainly permanent
water bodies, tree-covered areas, and built-up areas, respectively. Meanwhile, these
tree-covered hills, building complexes, and the lake are the most attractive scenery in
the West Lake Scenic Spot where Beishan Street is located (Figure 8). In addition, the
study area is scattered with small areas of shrubland, grassland, cropland, bare/sparse
vegetation, and herbaceous wetland. Sensitivity levels were determined by referring
to the assessment criteria of Hangzhou, China [40], Bayburt, Turkey [42], and Denizli,
Turkey [41]. In this way, a sensitivity map of land use types was drawn (Figure 7b).

3.  Slope: As the slope increases, the probability of natural hazards increases and the
level of ecological sensitivity is higher [40]. Slope analysis was performed using DEM
data. Sensitivity levels were determined by referring to the assessment criteria of
Hangzhou, China [40], and Bayburt, Turkey [42]. In this way, a slope sensitivity map
was drawn (Figure 7c).

4. Aspect: The study area is located in a temperate zone of the Northern Hemisphere,
so the south-facing position is more favorable for plant growth and is less sensitive.
Aspect analysis was performed using DEM data. The sensitivity level was determined
by referring to the assessment criteria of Denizli, Turkey [41]. In this way, an aspect
sensitivity map was drawn (Figure 7d).
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5. Distance from water: The closer to water, the richer the biological species, the more
complex the ecological environment, and the higher the level of ecological sensitivity.
Flow direction and Euclidean distance analyses were performed sequentially using
the DEM data. The sensitivity level was determined by referring to the assessment
criteria of Denizli and Bayburt, Turkey [42]. In this way, a sensitivity map of distance
from water was drawn (Figure 7e).

6. NDVI: NDVI is used to quantify vegetation greenness and is useful for showing
vegetation density and assessing changes in plant health. NDVI is calculated as
a ratio between the red (R) and near-infrared (NIR) values in traditional fashion:
(NIR — R) / (NIR + R) [43].

Land use type Slope
sensitivity sensitivity
Low Low
x| I Moderate [ Moderate
“< | gh W
Wzos 1 152 - Very ngh - Very ngh

(b)
Distance from
water
sensitivity
[ low
[0 Moderate
W‘?‘ I high
BES——i o I Very High
(d) (e) #)
Figure 7. Sensitivity maps: (a) elevation; (b) land use type; (c) slope; (d) aspect; (e) distance from

water; (f) NDVIL.
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Figure 8. Land use types and photos of major types.

NIR — R
NIR +R
where NIR is the reflection value in the near-infrared band, which in a Landsat 8 map is
Band5, and R is the reflection value in the red band, which in a Landsat 8 map is Band4.

NDVI = ®)
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The NDVI results are always between —1 and 1. A result below 0 indicates that the
area is covered by water.

NDVI was calculated using Landsat 8 plots with the formula [Float(Band5) — Float(Band4)]
/ [Float(Band5) + Float(Band4)]. Sensitivity levels were determined by referring to the
assessment criteria of Jilin, China [43]. In this way, an NDVI sensitivity map was drawn
(Figure 7f).

The sensitivity levels of elevation, land use type, slope, aspect, distance from water,
and NDVI of 2936 plots in the study area were calculated by using the weighted-average
method in Section 2.3.1, list item 1. The CRITIC method was used to calculate the weights of
the six assessment factors (Table 2), and a weighted overlay was used on the six sensitivity
maps of assessment factors (described in Section 2.3.1, list item 2). In this way, an ecological
sensitivity map of the study area was drawn (Figure 9).

Table 2. Criteria and weights of ecological sensitivity.

Assessment Factor Evaluation Standard Level Score Weight
(300, +00) Very high 4
. (100, 300] High 3 o
Elevation (m) (50, 100] Moderate 2 3.17%
[0, 50] Low 1
Permanent water bodliso,vkéirbaceous wetland, tree Very high 4
Land use type Grassland, shrubland High 3 26.70%
Cropland, bare/sparse vegetation Moderate 2
Build-up Low 1
(25°,90°] Very high 4
o (15°, 25°] High 3 o
Slope () (5°,15°] Moderate 2 9.75%
[0°,5°] Low 1
North [0°,22.5°] and [337.5°, 360°] Very high 4
Northeast (22.5°, 67.5°), northwest (292.5°, 337.5°) High 3
Aspect (°) East [67.5°, 112.5°], west [247.5°, 292.5°], southeast 26.66%
(112.5°, 157.5°), southwest (202.5°, 247.5°) Moderate 2
Flat (= —1), South [157.5°, 202.5°] Low 1
=0 Very high 4
Distance from (0, 30] High 3 95 459,
water (m) (30, 100] Moderate 2 e
(100, +o0) Low 1
(0.5, +00) Very high 4
[-1,0] High 3 o
NDVI (0.3,0.5] Moderate 2 8.28%
(0,0.3] Low 1
Ecological
sensitivity
| Low
Moderate

wdpe | high

S

P=iconees [ Very High

002505 1 1!

Figure 9. Landscape ecological sensitivity map.
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As can be seen in Figure 7a—f, the sensitivity levels of elevation, slope, and NDVI in
the study area are not obvious, while those of land use type, aspect, and distance from
water are obvious. This intuitive result is consistent with the weights calculated by the
CRITIC method. The areas with higher elevation and slope sensitivity are concentrated
in the hilly areas north of Beishan Street, where fewer buildings are located. More than
half of the buildings on Beishan Street are located on sites with slopes less than 25°, and
not at high elevations, with most below 50 m. The NDVI and land use type maps show
clear similarities, with higher-sensitivity areas concentrated in the watershed to the south,
mountains to the north, and scenic areas to the west. As can be seen in Figure 9, the
ecological sensitivity of most of the study area is high. The ecological sensitivity of some
areas in the watershed and the densely built-up areas on the east side is moderate.

3.1.2. Landscape Visual Sensitivity Analysis

The urban visual environment affects the city’s image and residents’ lives [44]. It
is worth noting that visual sensitivity is analyzed differently than ecological sensitivity.
Ecological sensitivity is analyzed with respect to terrain and landscape elements, so it is
analyzed with DEM. Visual sensitivity is analyzed for the overlay of terrain, landscape,
streets, and buildings, so it is analyzed with the UDEM. The UDEM adds buildings with
height information to the DEM (as described in Section 2.2). The visual environment
of a landscape is affected by two main aspects: visual occlusion of the topography and
buildings, and the number of potential viewers who can see the landscape [13]. Visual
occlusion can be reflected in street view and random point view, and the number of
potential viewers at different locations can be reflected in traffic accessibility. The visual
sensitivity of the landscape in this study comprises three superimposed assessment factors:
traffic accessibility, street view, and random point view. The more visually sensitive the
location, the more vulnerable the landscape is to change as a result of human activity.

1. Traffic accessibility: The traffic network of a city affects the visual environment [45].
According to the “highway” attribute of OSM data, streets are classified into four
types: primary, secondary, tertiary, and others. We created a new element dataset
named “traffic network” in ArcGIS. The transport network was built in ArcMap. The
speed of primary streets was set to 60 km/h, secondary streets to 40 km/h, tertiary
streets to 20 km/h, other streets to 10 km/h, and the walking speed of all streets to
1.5 m/s. The speed of the subway was set to 40 km/h, and the subway cannot be
connected to the roads. The straight-through intersection time was set to 20 s, reverse
time to 20 s, right turn time to 10 s, and left turn time to 30 s. The average travel
time for each location in the study area was calculated using the transport network.
The reference standard of traffic accessibility is 5 min average walking time, 15 min
comfortable walking time, and 30 min extreme walking time [46]. In this way, the
assessment criteria for the sensitivity levels were determined, and a sensitivity map
of traffic accessibility was drawn (Figure 10a).

Traffic Random
accessibility Street view point view
sensitivity sensitivity sensitivity

Low Low Low
I Moderate N Moderate x| [ Moderate
I high JF I high WJ!‘ ° I high

Very High R L ot I Very High R D it I Very High

ry Hig g

(b) (c)

Figure 10. Sensitivity maps: (a) traffic accessibility; (b) street view; (c) random point view.
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2. Street view: Urban visibility is calculated by UDEM [47]. The greater the exposure to
the landscape, the more likely it is to be affected by human activities, and the higher
the sensitivity will be [48]. Streets are locations of intense human activity in cities and
are used as observation points for visual field analysis. After selecting the streets from
the OSM data, 300 observation points were set up on the road for visual field analysis.
The number of observation points was determined by the equidistant method. In this
way, a sensitivity map of street view was drawn (Figure 10b).

3. Random point view: To calculate the probability of a landscape being seen, people
randomly situated in other locations should be considered in addition to densely
populated streets. A view analysis was conducted by generating 300 random points
in the study area as observation points. The results show that all locations could be
seen from up to 180 of the 300 observation points. The number of observations was
determined by the equidistant method to draw a sensitivity map of a random point of
view (Figure 10c).

We calculated the weights of the three assessment factors of visual sensitivity (Table 3)
by using the same CRITIC weighting method as the ecological sensitivity analysis (de-
scribed in Section 2.3.1, list item 2). We used a weighted overlay on three sensitivity maps
of assessment factors to draw a visual sensitivity map of the study area (Figure 11).

Table 3. Criteria and weights of visual sensitivity.

Evaluation .
Assessment Factor Standard Level Score Weight
0, 5] Very high 4
Traffic accessibility (5, 15] High 3 58.40%
(minutes) (15, 30] Moderate 2 e
(30, +o0] Low 1
(200, 300] Very high 4
Street view (100, 200] High 3 19.83%
(points /300 points) (0, 100] Moderate 2 oo
=0 Low 1
(120, 180] Very high 4
Random point view (60, 120] High 3 21.77%
(points /300 points) (0, 60] Moderate 2 e
=0 Low 1

I high
' Il Very High

Figure 11. Landscape visual sensitivity map.

As can be seen in Figure 10a—c, the street view and random point view sensitivity maps
are similar, while traffic accessibility is different from them. Most areas in the study area
have moderate street view and random point view sensitivity, highly sensitive areas are
concentrated in the center of the watershed, and densely built-up areas have low sensitivity.
Building-dense locations have a high density of roads, so traffic accessibility is higher in
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these locations. It is worth noting that traffic accessibility shows high sensitivity in the
watershed, which may be different from intuition. The reason is that West Lake, a famous
tourist attraction, has several rowboat routes for tourists to use. As shown in Figure 11, the
weight of traffic accessibility in visual sensitivity is more than 50%. Both traffic accessibility
and view sensitivity are high in the center of the watershed location, so the visual sensitivity
is very high.

3.1.3. Landscape Cultural Sensitivity Analysis

Culture can be reflected by urban vitality and the locations where people gather.
Residents and tourists are dense in the study area. Urban vitality can be reflected by SHDI,
and the degree of population aggregation can be reflected by attraction density. In addition,
the study area is a location where conservation heritage buildings are highly aggregated, so
in this study, we chose the density of heritage buildings as one of the evaluation factors. In
summary, the cultural sensitivity of landscape in this study comprises three superimposed
assessment factors: SHDI, density of heritage buildings, and density of tourist attractions.

1.  SHDI: Areas rich in points of interest in the city have better urban facilities. These
areas are more prone to urban problems [49] and are more sensitive than areas with a
single function. The study area was separated into 50 m x 50 m grid data. The number
of POI types near each grid was calculated by using “Generate Near Table”, setting
the search radius to 100 m. The SHDI value of each grid was calculated by the SHDI
formula [38]. SHDI values were graded by the Jenks natural breaks classification
method to draw an SHDI sensitivity map (Figure 12a).

SHDI

. Density of tourist
sensitivity attractions
Very low sensitivity
Low Low
= x| [ Moderate ) Moderate
Eoms . [ sl
wzos 1 1z 25 I Very High Rt e | [ Very High SR one [ \/ery High

(b) (c)
Figure 12. Sensitivity maps: (a) SHDI; (b) heritage building density; (c) tourist attraction density.

2. The density of heritage buildings: Historical buildings are important carriers of urban
history and culture, so the historical-cultural quality of the landscape is influenced by
immovable cultural heritage such as buildings [8]. The higher the heritage building
density, the higher the cultural sensitivity of the landscape. In this study, 1077 heritage
buildings at all levels in Hangzhou were considered, as described in Section 2.1.
Heritage buildings were analyzed by kernel density. Density was determined by the
equidistant method to draw a sensitivity map of heritage building density (Figure 12b).

3. The density of tourist attractions: The higher the tourist attraction density, the greater
the attractiveness to tourists and the higher the cultural sensitivity of the landscape.
Points classified as tourist attractions were selected from the POI data, and the points
of tourist attractions were exported. Tourist attractions were analyzed by kernel
density. Density was determined by the equidistant method to draw a sensitivity map
of tourist attraction density (Figure 12c).

The weights of the three assessment factors of cultural sensitivity (Table 4) were
calculated by using the same CRITIC weighting method as the ecological sensitivity analysis
(described in Section 2.3.1, list item 2). We used a weighted overlay on three sensitivity
maps of assessment factors to draw a cultural sensitivity map of the study area (Figure 13).
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As can be seen from Figure 12a—c, the high SHDI sensitivity areas are concentrated
on the east side of the study area, where the buildings are densely packed. The sensitivity
maps of heritage buildings and tourist attractions are similar. One reason is that most of
the heritage buildings in Beishan Street were constructed in the 20th century, and because
of the earlier construction and the fact that most of the villa owners were rich, they chose
sites in better-landscaped locations and close to tourist attractions. Another reason is
that as carriers of urban memory, many heritage buildings are famous tourist attractions
in themselves. There are more restrictions on constructing new buildings around the
conservation heritage buildings and tourist attractions, so the building density is low and
the functional urban facilities are not as well developed as in other areas. Heritage building
density sensitivity is extremely high in the southeast of the study area, as this is the location
of two other famous Hangzhou historic districts with very densely built historic buildings.

Table 4. Criteria and weights of cultural sensitivity.

Assessment Factor Evaluation Standard Level Score Weight
(1.45,2.35] Very high 4
(0.93, 1.45] High 3
SHDI (0.32,0.93] Moderate 2 47.97%
(0,0.32] Low 1
=0 No 0
. . (0.000017199, 0.000022932] Very high 4
Eeirl‘;litr}l’ of (I/‘e“tafe (0.000011466, 0.000017199] High 3 23,30
v il %151 . Sjrq;la ¢ (0.000005733, 0.000011466] Moderate 2 oV
ometers [0, 0.000005733] Low 1
. . (0.000099353, 0.000132471] Very high 4
agf;stit};()f( ;O‘mzi (0.000066236, 0.000099353] High 3 2870
Eﬂgnfetefg)“ ¢ (0.000033118, 0.000066236] Moderate 2 SeT
[0, 0.000033118] Low 1

Cultural
sensitivity

Low
N Moderate

W‘?‘E " high

S

£iomees | [ Very High

Figure 13. Landscape cultural sensitivity map.

002505 1 15

Figure 13 shows that the center of the West Lake watershed exhibits high landscape
sensitivity. From a lifestyle perspective, the lake itself is an important attraction with very
high visual and cultural value for residents and visitors to Hangzhou, and to China in general
(Figure 14a). Some of the buildings on the small islands in the lake are conservation heritage
buildings. The view of the lake is wide enough that people sitting on boats can see the buildings
in the center of the lake (Figure 14b). If these buildings were to be damaged, it would have an
impact on the wider view of the lake, making the location in the center highly sensitive.
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Figure 14. (a) Tourist attractions map; (b) rowboat sighting analysis.

3.2. Total Landscape Sensitivity

The weights of ecological, visual, and cultural sensitivity (Figure 15) were calculated by
using the same CRITIC weighting method as the ecological sensitivity analysis (described
in Section 2.3.1, list item 2). The result shows that the weight of cultural sensitivity is nearly
half (43.53%), and the weights of ecological sensitivity (31.90%) and visual sensitivity
(24.57%) were similar. This result is consistent with the characteristics of the study area.
As a conservation historic district, Beishan Street is best known for its cultural heritage,
resulting in the highest percentage of cultural sensitivity. In the study area, the low
percentage of visual sensitivity is attributed to the open view. Beishan Street features
scattered buildings with low heights, while the hill slope is quite flat. It can be inferred that
changes in human or non-physical elements have a greater impact on the landscape than
changes in the ecological and visual environment.

Weight

Elevation

Density of tourist

Land use type
attractions

Density of
heritage
buildings

Distance
from water

Traffic accessibility

Random point view  gtreet view

Figure 15. Sensitivity weight.

We used a weighted overlay on three sensitivity maps of primary assessment factors
to draw a total sensitivity map of the study area’s landscape (Figure 16).

Landscape
sensitivity

| Low

[ |Moderate
I high
I Very High

Figure 16. Landscape total sensitivity map.
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4. Discussion
4.1. Sensitivity Map Analysis

In this analysis, the correspondence between sensitivity levels and building plots
within the study area was examined one by one. In this way, ecological, visual, cultural,
and superimposed total sensitivity maps (Figure 17a—d) of building plots were drawn.

Beishan
|:|Streetarea
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‘”"9’5 [ high
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Beishan
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sensitivity
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" n
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Figure 17. Maps of landscape sensitivity levels of plots: (a) ecological (b) visual; (c) cultural; (d) total.

Statistics on the proportion of plots at each sensitivity level in the ecological, visual,
cultural, and total sensitivity maps of the study area (Figure 18a) and Beishan Street Historic

District (Figure 18b) were calculated.

Buildings in study area

100% ---6(0,00%) -
254(8,65% 218(746%)

~—2680(9150%]
)] )380(47,00%)

694(23.64%) 439(14.95%)

0% - 24082%)-— 28(0.95%)---
Ecological  Visual Cultural Total
sensitivity sensitivity sensitivity sensitivity

Low Low Low Low
Moderate MiModerate | Moderate | Moderate
High MHigh High MHigh

W Very high lVery high lVery high lVery high

(a)

Buildings on Beishan Street

100% - O{@:08%)-—-
38(15.64%)
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177(72:84%)
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Ecological  Visual Cultural Total
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High MHigh High MHigh
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Figure 18. Proportion of plots at each sensitivity level in maps of (a) study area; (b) Beishan Street

Historic District.

4.1.1. Suggestions for Conservation of Beishan Street Historic District

1. Higher landscape sensitivity of Beishan Street Historic District

Among the buildings in the Beishan Street Historic District, a significant proportion
are located in areas rated highly sensitive or above. Specifically, 27.16% of the buildings
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are situated in such areas, which is almost four times more than the overall study area
(7.46%). Further analysis shows that the percentage of buildings located in areas rated
highly ecologically, visually, or culturally sensitive and above in the district is 15.64%,
58.85%, and 41.15%, respectively. In contrast, the corresponding percentages for the study
area are 8.65%, 34.30%, and 37.98%. These results suggest that the Beishan Street Historic
District is a critical area that requires special attention and protection in urban planning
and construction.

More than half of the buildings in the historic district are located in areas rated highly
visually sensitive or above. Beishan Street has a scenic view and many villas of low height
have been constructed since the early 20th century. A large proportion of these buildings have
been inhabited by celebrities or hosted memorable historical events, so they were gradually
recognized as historic preservation buildings and have been better preserved. Later, due to
the conservation policy of West Lake, the height of new buildings in the surrounding area
was restricted. At the same time, there are several small islands in the center of West Lake
and several rowboat routes, and visitors can see the buildings on Beishan Street from these
locations. For these two reasons, the view of Beishan Street is very open. If there were any
cluttered buildings or structures, it would greatly affect the visual experience of visitors and
residents. Therefore, the renovation and protection of the visual environment of Beishan Street
should be among the priorities of the relevant departments.

2. Protected heritage and historical buildings in Beishan Street Historic District

There are 44 protected heritage and historical buildings at all levels in the Beishan
Street Historic District. Only six (13.64%) are located in areas rated highly sensitive and
above, and most are located in areas rated moderately sensitive and below. From an
ecological perspective, these buildings are located at lower elevations or on gentler slopes.
From a visual perspective, they are located farther from streets or in sheltered locations.
From a cultural perspective, they are located in places that have fewer urban facilities or are
less densely populated. These characteristics are conducive to the conservation of historical
buildings; if some protective works need to be carried out in the future, the impact on
urban ecology and the visual environment is limited.

3. Key buildings that need attention in Beishan Street Historic District

Six protected heritage or historical buildings at all levels in the Beishan Street Historic
District are located in highly sensitive plots, and some buildings not identified as protected
heritage but have high historical value are located in highly sensitive plots (Table 5).

Since most buildings are located in moderately sensitive areas, the contrast is not
obvious. Therefore, the grading of sensitivity map levels was further refined. As can be
seen in Figure 19, some buildings scored very close to the high sensitivity score (>2.5) even
though they are located on moderately sensitive plots. For example, among the buildings
located on plots with a sensitivity score of 2.4-2.5, there are five protected heritage and
historical buildings at all levels and two buildings of high historical value (Table 6).

- |Landscape
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Figure 19. Detailed map of landscape total sensitivity levels of plots.
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Table 5. Historic buildings located in highly sensitive plots.
Protection Level * Name Time Type
. Southern Song Dynasty .
Yue Fei Templ Celeb t
National-level Key Cultural He et fempe (1127-1279) elebrity cemetery
Relics Protection Unit Former site of the May Fourth .
Constitution drafted 1930s Celebrity home
City-level Cultural Relics JOBS Temple Tang Dynasty (831) Religious building
Protection Site Qiushui Villa 1925s Celebrity home
Bodhi Essence Temple 1926 Religious building
City-level Historical Building Huang Bmhong s former 1948 Celebrity home
residence
Baopu Taoist Temple Eastern Jin Dynasty (317-420) Religious building
Curved Yard and Lotus Pool in Qing Dynasty (1636-1912) Stele
Summer g Lynasty
Others Chang Home 1930s Celebrity home
No name Home 1931 Celebrity home
Ziyun Alley 1920s Residential
Totsun Tower Courtyard 1912-1949 Residential
* Order of protection levels refers to the introduction of Table 1 in Section 2.1.
Table 6. Historic buildings mostly located on highly sensitive plots.
Protection Level * Name Time Type
City-level Cultural Relics . . o .
Protection Site Zhejiang-Jiangxi Railway Bureau 1948 Government office
Sui Cottage 1922 Celebrity home
Villa No. 95, Beishan Street .
City-level Historical Building (Jiang Manfeng’s former residence) 1934 Celebrity home
Jiyi Building 1930s Celebrity home
Pan Home 1930s Celebrity home
Oth Yue Cottage 1920s Celebrity home
thers Hangzhou Hotel 1955 Featured restaurant

* Order of protection levels refers to the introduction of Table 1 in Section 2.1.

These buildings have existed for nearly a century, or even a thousand years. Many
famous historical events occurred in these buildings, which have high historical value.
These buildings are located on more highly sensitive plots and are more vulnerable to
landscape change and damage. These issues should receive focused attention in the
subsequent conservation, and renovation decisions should be made more carefully.

4.1.2. Study Area Conservation Recommendations

The visual and cultural sensitivity levels of the study area are significantly higher
than the ecological sensitivity level. As shown in Figure 18, only 8.65% of the buildings in
the study area are situated in plots rated highly ecologically sensitive or above, whereas
34.30% and 38.05% of the buildings are located in plots rated highly visually and culturally
sensitive and above, respectively. The comparison shows that the ecological environment
within the study area is less affected by human activities, while the visual and cultural
environments are more affected. From a visual perspective, the location of the study area
has strict skyline control norms. No excessively tall buildings can be built here to cause
serious obstruction, but attention should be paid to the impact of billboards and other
objects on the urban visual environment. From a cultural perspective, the study area is
located in a densely populated area, and controlling the number of visitors during peak
periods such as holidays should be considered.
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4.2. Correlation of Landscape Sensitivity Assessment Factors
4.2.1. Relevance of Primary Assessment Factors

The ecological, visual, and cultural aspects of the landscape are mutually influential.
We input the ecological, visual, and cultural sensitivity data of 2936 plots, and used path
analysis in SPSS (Figure 20).

Relationship Diagram

Degree of
interaction

+8.7%
Positive
influence

Ecological

-39.8% sensitivity

-2.2%
Irrelevant

+7.3%
+8A

I -39.8%
Negative
influence

+4.8%
+2.8%

Figure 20. Influence relationship of primary assessment factors.

The results indicate that culture has the largest influence on ecology (—39.8%) among
the six influence relationships and is significantly higher than the others. There is a
significant negative correlation between ecological and cultural sensitivity, indicating
that they have a significant negative influence on each other. Ecology is substantially
more impacted by culture (—39.8%) than culture is by ecology (—2.2%). For example,
objects produced by human activities such as buildings can cause ecological damage,
but plant growth has little effect on buildings. Meanwhile, the impact of culture on
ecology (—39.8%) is much greater than the impact of culture on vision (—4.8%). Therefore,
before making decisions on urban construction, the focus should be on assessing the
impact on ecology. Ecology and vision show a significant positive low correlation; little
difference was found in the interaction between the two. This may be due to the fact that
ecological and visual changes are almost synchronized. For example, when a building is
constructed on land originally covered by vegetation, the land use type and ecological
environment change, while the building shades the surrounding environment and the
visual environment changes.

For areas with high ecological sensitivity and above, urban construction and reno-
vation should take into consideration ecological environmental protection. Most of the
buildings located in highly sensitive areas are close to the lake on slopes or within natural
landscape attractions. These areas have a complex ecological environment, so they are also
the most vulnerable to damage from human construction. Buildings in these areas should
be maintained and protected without new construction. However, areas rated highly
cultural sensitivity and above can be developed and constructed appropriately, because
these areas deserve the attention of residents and visitors [16]. For example, the area west
of Beishan Street has a concentration of highly culturally sensitive plots. This area was
predominantly residential at the beginning of the 20th century, and with the construction
of the West Lake scenic area, inns and restaurants have been renovated and built in recent
years to meet the needs of tourists. The increasingly improved urban facilities attract more
tourists and advertise the culture of the Beishan Street Historic District.

4.2.2. Correlation of Secondary Assessment Factors

The process of landscape change and landscape patterning feed into each other, and
many of the assessment factors are highly correlated with each other [50]. A correlation
analysis of secondary assessment factors can help us find which changes in assessment
factors have more impact (Figure 21) [51].
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Correlation of Sensitivity Evaluation Factors
classification Ecological sensitivity Visual sensitivity Cultural sensitivity
Single factor Land use Distance Traffic Street Random Density of | Density of
classification g Elevation Slope | Aspect | from NDVI |accessibi| . point SHDI heritage tourist
index type . view . . .
water lity view buildings | attractions
Elevation 1 0.233** -0.02 [-0.074**| 0.272** [-0.067**[ 0.176** | 0.222** [ -0.183**| 0.067** | 0.051**
La?d;‘se 0.233** 1 0.457* [-0.110**| 0.012 -0.061**| 0.367** -0.107* | 0.481*
Ecological Slope W 0.457** 1 -0.019 |-0.084**| 0.424** | -0.02 | 0.157** | 0.344* | -0.346**| 0.133** 0.286**
sensitivity Aspect -0.02 |-0.110**| -0.019 1 0.012 |-0.164**| -0.008 | -0.127**|-0.058**| -0.002 | -0.229** | -0.307**
Distance x _ - . "k e | *x "k
from water -0.074 0.012 0.084 0.012 1 0.034 | 0.070 0.152 0.148 0.071 0.050 0.029
NDVI 0.272" |JOMOIR| 0424 [-0.164**| 0.034 1 |-0.091"[ 0.463* —0.394*| -0.008 | 0.429*
ac;r::;my -0.067** [-0.061**| -0.02 | -0.008 | 0.070** | -0.091** 1 -0.074**| -0.032 | 0.050** | 0.259** -0.041*
se‘:}':i‘::‘,:ty Street view | 0.176* | 0.367* | 0.157* | -0.127**| 0.152" | 0.468° | -0.074"| 1 —0138"| -0.019 | 0279~
Random |4 55 [gi687#% | 0.344* | -0.056**| 0.148* -0.032 1 |-0414*| -0.038* | 0.427*
point view
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Figure 21. Correlation of secondary assessment factors.

Most secondary assessment factors were significantly correlated with the other nine
assessment factors. Six assessment factors were correlated with eight of the other nine
assessment factors: elevation, land use type, street view, random point view, SHDI, and
density of tourist attractions. Some of these assessment factors (e.g., elevation) are hardly
affected by human activities, so these were not the focus of our attention. Among all
secondary assessment factors, three had the highest correlations with others: land use type,
NDVI, and random point view, followed by street view and density of tourist attractions.
These assessment factors should be taken into consideration in future preservation decisions.
For example, if a new building were to be constructed on an existing wooded site, it
would change the land use type and NDVI of the site, which would significantly alter the
landscape, so new construction should not be allowed. However, changing an existing
residential building to a commercial building would change the SHDI of the plot, which
would not significantly alter the landscape, so renovation work should be allowed.

SHDI showed a clear negative correlation with most other assessment factors, with the
highest negative correlation with land use type (—0.586) and random point view (—0.414).
The reason may be that areas with highly sensitive land use types are generally natural
landscapes such as planted areas, with fewer buildings. Therefore, urban facilities are not
perfect and the SHDI is lower. Areas with higher SHDI have perfect urban facilities and
dense buildings, so the visibility of these areas is lower. However, there is a significant
positive correlation between SHDI and the density of heritage buildings (0.240). Densely
built heritage buildings can drive the development of surrounding areas and make urban
facilities perfect. SHDI shows a significant negative correlation with the density of tourist
attractions (—0.223), which may be because tourist attractions generally occupy a larger
area, which leads to a lack of nearby urban facilities.

5. Conclusions

This study presents a landscape sensitivity assessment framework applicable to histor-
ical districts, taking Beishan Street in Hangzhou, China, as an illustrative example. In this
study, 12 assessment factors were selected based on the characteristics of the study area. It
should be noted that this framework is open to modifications. That is to say, the assessment
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factors are selected according to the characteristics of the study area. For example, Shi
et al. [52] used landscape diversity as an ecological sensitivity assessment factor, and Yang
et al. [53] used vegetation uniformity/color diversity as a visual sensitivity assessment
factor. These and any other influential indicators can be used as substitutes to replace the
assessment factors in the framework of this study. Since the urban landscape is influenced
by various factors, no single indicator can fully characterize it, and a comprehensive assess-
ment requires more than 12 factors. However, the 12 assessment factors presented in this
study provide a standardized basis for preservation decisions regarding historic districts.
For future conservation studies of historical districts, alternative assessment frameworks
could be devised by adding or eliminating factors as needed. For example, if the study
area is a historic district surrounded by urban residential areas, the sensitivity assessment
framework may need to be adjusted accordingly. On the one hand, urban residential areas
are flat and not ecologically complex, so the framework would need to be adjusted by
deleting assessment factors such as elevation and slope, which show little change, and
by reducing the weight of ecological sensitivity in total sensitivity. On the other hand,
urban centers have high concentrations of residents and tourists, so it is necessary to add
population density and economic vitality as factors in the assessment framework.

Similar to the assessment framework, the method of plot segmentation is adaptable to
the characteristics of other study areas. Most previous landscape sensitivity studies have
focused on forested landscapes. Therefore, most of them segment plots according to the
landscape characteristic categories. In this study, the landscape sensitivity assessment was
applied to the historic district, and the Thiessen polygon was chosen to segment plots based
on the characteristics of the Beishan Street Historic District. However, other methods of plot
segmentation may be more appropriate for other historic districts. For example, a study
area where neighboring buildings are naturally bounded by courtyard walls, but these
walls may differ from the boundary lines of plots segmented by Thiessen polygons. To
analyze this type of study area, the boundary walls can be used directly as plot boundaries,
and this approach is generally appropriate for densely developed study areas. In the
Beishan Street Historic District, where buildings are scattered and the study area includes
larger areas of hill and water, this approach is not appropriate. As another example, if
the individual building characters in the study area are not significant, it is not necessary
to use each building as the minimum unit for sensitivity analysis. The building function
can be used as a criterion to separate the plots so that several neighboring buildings with
similar functions can be analyzed as a whole. For example, Xia et al. [54] segment plots
based on architectural style, with neighboring buildings of the same architectural style as a
whole polygon plot. This approach allows building functions to be quickly identified using
PQOI data.

In recent years, some researchers in related fields have explored the use of open-source
data. For example, Cheng et al. [44] used Street View imagery to study the visual perception
of streets, and Li et al. [55] used environmental sensor data covering streets to assess urban
street walkability. It is worth further exploring how to better use multi-source data to assess
landscape sensitivity and provide a basis for conservation decision-making.

In previous studies, Liu and Li [16] and Zheng et al. [19] used the Analytic Hierarchy
Process (AHP) method to research landscape resources and landscape sensitivity, and expert
judgment to determine the weights of the assessment factors. This study used objective
statistical methods to determine the weights of assessment factors, which supplements the
subjective expert assessment method used in previous studies. However, cultural elements
are an important part of the assessment of historic districts, and they can be subjectively
assessed in a more comprehensive way. In this study, ecological and visual dimensions are
material factors and the cultural dimension is a non-material factor. In further research,
material and non-material factors should be superimposed by using a combination of
subjective and objective weight calculation methods.

Most previous studies related to landscape sensitivity assessment produced sensitivity
maps and comparisons of land plot sensitivity within the study area. Based on this, this
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study compares the correlation of assessment factors in another dimension with the help of
correlation analysis in statistics. This study reveals the interrelationships among various
assessment factors and recommends prioritizing those with strong correlations in the
renovation and construction process of historic districts.
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