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Abstract

The optimization of historic district form, given the coordinated relationship between
global urbanization and sustainable development, faces the core contradiction between
preservation and development. Taking Shenyang’s Nanshi area as a case study, this study
aimed to construct a sustainable urban form evaluation system comprising 7 dimensions
and 23 indicators by integrating multi-source geographic Big Data. A combination of a
weighting approach in rank-order analysis and the entropy weight method was adopted,
followed by spatial quantitative analysis conducted based on ArcGIS. The results showed
that the sustainability of the area exhibited significant spatial differentiation: historic blocks
became high-value areas due to their “small blocks, dense road network” fabric and high
functional mix. However, newly built residential areas were low-value zones, constrained
by factors such as fragmented green spaces, single-functional land use, and other limitations.
Road network density and functional mixing were identified as the primary driving factors,
while green coverage rate served as a secondary factor. Based on these findings, a three-tier
“element-structure-system” optimization strategy was proposed, providing quantitative
decision support for the low-carbon renewal of high-density historic urban districts.

Keywords: form optimization; multi-source data; Shenyang Nanshi area; spatial differentiation;
sustainable urban form

1. Introduction

With accelerated global urbanization, urban spatial form has become a key lever for
regulating energy consumption, carbon emissions, and social equity [1]. The United Nations
Sustainable Development Goals explicitly advocate for “building inclusive, safe, resilient, and
sustainable cities” [2]. Research on sustainable urban form (SUF) has advanced from macro-scale
theoretical exploration to meso- and microscale empirical quantification, with its core objective
being to optimize spatial organization for the synergistic development of resource efficiency,
social equity, and ecological balance.

In terms of research progress, the international community has established a research sys-
tem based on the Compact City Theory and the “urban form-economic and social-environment”
framework. Among them, the Compact City Theory, proposed by scholars such as Jenks, empha-
sizes achieving urban sustainable development through mixed-use layout and transit-oriented
development, laying a foundation for the research on the correlation between high-density
development and sustainable urban form [3,4]. Building on this, Salat reconstructed the “urban
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form-economic and social-environment” framework, proposing seven core evaluation indica-
tors including intensity, diversity, and proximity, which further clarified the core dimensions
of urban form quantification [5]. With the development of information technology, scholars
have gradually shifted towards technology-driven quantification, developing a series of ad-
vanced models with the aid of Python 3.7, Multi-Criteria Analysis (MCA), and Information
and Communication Technology (ICT). For instance, Lohrey utilized Python to develop the
“sustainability window” model, evaluating urban morphological thresholds from multiple
dimensions such as greenhouse gas emissions and traffic congestion [6]; Pan proposed the
“Adaptive Hybrid Urban Morphology Communities (HUMC)” model, emphasizing the close
correlation between residents’ behaviors and spatial experiences, and improving sustainability
through optimizing community spatial form [7]; Moroke established a community sustainability
evaluation model using multi-criteria analysis, further improving the technical path of morpho-
logical evaluation [8]; Bibri integrated ICT to enhance the dynamics and accuracy of sustainable
morphological evaluation [9]. In the field of historic urban district research, the international
academic community focuses on the coordination of “morphological memory” and “dynamic
adaptation”: based on the theories of the Conzenian School and the Italian Typological School,
Kropf proposed a “hierarchy-type” analytical framework to interpret the evolutionary laws of
historic district forms at multiple scales [10]; Serge Salat pointed out in Cities and Forms that the
sustainable form of historic urban districts needs to balance resource efficiency and social equity
through quantitative analysis to avoid cultural fragmentation during renewal [11].

Although domestic research on sustainable urban form started relatively late, it has always
kept pace with international research trends, evolving from the early introduction of theories
such as the “compact plus polycentric” model and the three-dimensional composite system to
the recent promotion of multi-source data quantitative applications based on constrained Cellu-
lar Automata (CA) models and “form-energy consumption” coupling models. For example,
taking Qingpu, Shanghai, as a case study, Dai Songzhuo proposed a “compact + multi-center”
sustainable form model [12]; Lin Zhongyu constructed a composite system of sustainable urban
form from three dimensions: physical space, social functions, and behavioral activities [13].
With the widespread application of digital technology, domestic research has gradually moved
towards multi-source data integration and quantitative models. The team led by Li Xia devel-
oped a constrained Cellular Automata (CA) model based on GIS, realizing dynamic simulation
of urban form and providing strong technical support for urban planning and development [14].
Hu Junhui constructed a “form-energy consumption” coupling model, deeply analyzing the
correlation mechanism between spatial structure and sustainable development goals, and pro-
viding a new research perspective for urban sustainable development [15]. In terms of historic
urban district research, domestic studies focus on the balance between protection and renewal,
proposing interdisciplinary evaluation indicator systems and emphasizing the coordination
of plot fabric and property right structure. For instance, based on a comprehensive ecological
perspective, Hu Changjuan proposed that the revitalization of historic districts needs to inte-
grate interdisciplinary evaluation indicators to achieve the sustainable development of historic
districts [16]. Liu Peng et al. emphasized that the protection of plot fabric in historic cities
should fully consider both property right structures and morphological characteristics, avoiding
a one-size-fits-all renewal method, thereby better protecting the characteristics and styles of
historic cities [17].

Existing research still has many significant gaps and limitations.

First, the localized measurement system integrating multi-source data is inadequate. Main-
stream international models, such as the “sustainability window” and “Adaptive Hybrid Urban
Morphology Communities (HUMC)”, are mostly constructed based on Western urban data and
fail to fully adapt to the unique composite characteristics of “coexistence of colonial concession
fabric and planned-economy residential areas” in Chinese historic urban districts. Domestic
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research, on the other hand, relies on remote sensing and statistical panel data, with insufficient
data collection on “intangible morphological elements” such as property right boundaries and
cultural identity. The low coupling degree of subjective and objective indicators makes it difficult
to comprehensively and accurately reflect the real situation of historic urban districts.

Second, there are shortcomings in meso- and micro-scale measurement methods. Most
existing studies focus on macro strategies or micro architectural technology optimization, lacking
attention to the measurement of sustainable form at the meso- and micro-scale of “neighborhood-
plot” in historic urban districts, which makes it difficult to match their spatial characteristics
of “small scale and high complexity”. For example, although Lang Wei’s community living
circle evaluation [18] and Xu Leiqing’s empirical research on 15-min living circles [19] focus on
meso- and micro-scales, they fail to fully combine the morphological continuity of historic urban
districts, making it difficult to accurately identify the core causes of spatial differentiation. In
addition, existing measurement models lack dynamics and are mostly static evaluations, making
it difficult to predict and simulate the evolution of historic urban district forms. For example,
under the “dual carbon” goal, it is impossible to accurately quantify the long-term impact of
morphological optimization on carbon emissions in Shenyang’s historic urban districts.

Third, the system optimization strategies have one-dimensional defects. Renewal strategies
for historic urban districts at home and abroad are mostly limited to a single dimension:
international strategies focus on the coordination of ecology and economy but lack sufficient
attention to social equity in historic urban districts; domestic strategies focus on physical
space renewal, lacking the systematic integration of “form—function—society”. Local research
in Shenyang is even more lacking in “multi-source data-driven” precise strategies. Existing
renewal plans are mostly based on empirical judgments, failing to fully utilize data such as POI
kernel density and population heatmap to identify public service blind spots.

Historic urban districts serve as core carriers of urban culture, requiring a balance between
protecting traditional fabric and integrating modern functions during renewal, thereby posing
higher demands for the refined management of sustainable form. The rapid development of
multi-source geographic Big Data [e.g., point of interest (POI), street-view imagery, and mobile
phone signaling data] and spatial analysis techniques (e.g., GIS and space syntax) has provided
a key technical path for accurately quantifying the correlations between morphological elements
and sustainability performance, which can fill the methodological gap in SUF research at the
meso- and microscale.

Shenyang’s Nanshi area is a typical concession-type historic urban district in Northeast
China. Its spatial fabric integrates modern planning heritage and traces of contemporary
renewal [20,21], presenting distinct spatial differentiation between “high-potential historic core
areas” and “low-efficiency urban residential areas”. This makes it an ideal sample for meso-
and microscale SUF research.

Based on the above, this study takes Shenyang’s Nanshi area as the research object, inte-
grates multi-source data, constructs a SUF quantitative evaluation system adapted to historic
urban districts, reveals its spatial differentiation characteristics and driving mechanisms, and
proposes a data-driven “element-structure—system” renewal strategy, aiming to provide the-
oretical support and a practical paradigm for the sustainable development of similar historic
urban districts.

2. Study Area and Methodology
2.1. Study Area Overview

The Nanshi area of Shenyang (41°46’ N, 123°24’ E) is situated at the core of Heping
District, covering an approximate area of 3.2 km? (Figure 1). Its uniqueness lies in the

“overlap of spatial texture and functions under multi-layered historical stratification.”
Beginning with the planning and construction of the Fengtian Self-open Commercial
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Port in 1906, the area has experienced three developmental stages: prosperity during the
Republican era, reconstruction under the planned economy period, and market-oriented
renewal [22]. This evolution has shaped a typical pattern of “symbiosis between modern
planning heritage and contemporary urban space” in Northeast China.

‘The Second Ring Road
e The Third Ring Road
= o = AveaBorder

I The Nanshitudy Area

[:l Parcel Unit

P _' Study Area

= = =1 Shenyang
| . — = Railway Station

Patkren spae
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(b)

Figure 1. (a) Location and urban form of the Nanshi study area. (b) Detailed plan of the study area at
the block scale.

In the northern part, Bagua Street preserves the circular-radial road network
(120 m x 120 m module) of China’s modern commercial port area and intact architectural
complexes with Republican-era styles. In contrast, the southern part consists of modern
residential districts with a regular grid layout [22]. The direct adjacency between traditional
modular texture and modern standardized residential areas, coupled with the close super-
position of the historic commercial core and contemporary residential functions, renders
this area a unique sample—both contradictory and representative—for meso-/microscale
SUF research.

2.2. Basic Data Sources

This study established a multi-source data fusion framework. Data sources and processing
were as follows:

(1) Base geographic data: Street network data were sourced from OpenStreetMap (retrieved
in March 2022) and subjected to GIS topological correction. Building footprints and floor counts
were acquired via the Baidu Maps API, supplemented with drone imagery for validation. The
study area boundary was determined based on the officially designated historic district unit by
the government.

(2) The POI data in this study were collected via the Baidu Maps APl in April 2022. The
data scope was defined in accordance with the spatial characteristics of the historic district
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and the requirements of Sustainable Urban Form (SUF) evaluation, and data validity was
ensured through spatial clipping, cleaning and deduplication. Initially, 187,995 POI records
were collected in the core area within Shenyang’s Second Ring Road. The 14 selected POI
categories are highly correlated with the daily life and production of local residents, and
cover key public service facility types in the area such as education, medical care, commerce
and transportation, which can fully reflect the functional layout characteristics of the historic
district. The specific categories are as follows: medical services (general hospitals, clinics, etc.),
educational services (kindergartens, primary and secondary schools, training institutions, etc.),
commercial retail (shopping malls, department stores, supermarkets, etc.), catering services
(Chinese restaurants, snack bars and fast-food restaurants, etc.), accommodation services (star-
rated hotels, budget hotels, etc.), living services (post offices, housekeeping service agencies,
beauty salons and barbershops, etc.), transportation facilities (bus stops, parking lots, metro
stations, etc.), cultural facilities (art galleries, exhibition halls, etc.), sports and fitness facilities
(stadiums, community fitness venues, etc.), administrative offices (administrative units, public
security organs, procuratorates and courts, etc.), leisure and entertainment venues (cinemas,
theaters, etc.), financial services (banks, investment and wealth management institutions, etc.),
tourism services (parks, zoos, cultural relics and historic sites, etc.), and maintenance services
(household appliance, automobile and bicycle repair shops, etc.).

Subsequently, through spatial clipping (focusing on the officially delineated boundary of
the historic district), data cleaning (removing records with invalid or ambiguous coordinates),
and deduplication (prioritizing unique platform identifiers (UIDs); for POIs without UIDs,
duplicates were identified using the rule of “name-subcategory—spatial proximity”, where
records with the same attribute and a distance < 5 m were regarded as duplicates), a total of
4325 valid POIs were finally determined for this study.

The definition of POI types and scope in this study strictly serves the core goal of SUF
evaluation in the historic district. First, it aligns with the requirements for constructing core
SUF evaluation indicators, providing data support for the quantitative analysis of functional
mix and accessibility, and laying a solid foundation for the SUF evaluation system. Second,
by selecting POI data with accurate geographic locations and standardized category labels,
it ensures data objectivity and refined characterization, avoids deviations in functional area
identification caused by data errors, and accurately captures the “small-scale, high-complexity”
spatial texture characteristics of the historic district. Third, it adopts the technical approach
of “full-area collection first, followed by boundary clipping” to meet the targeted needs of
meso-micro research scale: the POI data in the core area within Shenyang’s Second Ring Road
are collected first to ensure the integrity of the original data, and then irrelevant data outside
the study area are eliminated through boundary clipping, making the analysis results more
consistent with the meso-micro research orientation of “block—plot” and matching the analysis
needs of spatial differentiation characteristics of the historic district.

(3) Street-view imagery data: Based on the Baidu Maps API, 1874 street-view images were
sampled every 100 m along roads at a fixed camera orientation. The street-view images used in
this study have capture dates ranging from May 2019 to August 2022. Semantic segmentation
was conducted using a PyCharm-integrated segmentation [PyCharm 2022.1] tool to extract
indicators such as sky view factor (SVF) and green view index (GVI). Specifically, street-view
images were segmented using a SAM-based tool (Segment Anything; pre-trained weights), and
SVF/GVI were computed as pixel proportions of the sky and vegetation labels, respectively.
The segmentation outputs were spot-checked by manual visual inspection on a random sample
of images.

(4) Remote sensing data: Landsat 8 satellite imagery with a 30-m resolution was adopted
(acquired on 23 June 2021). Green space distribution was extracted in ArcMap 10.8 using
an unsupervised k-means (ISODATA-type) classification on Landsat 8 multispectral bands,
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followed by cluster interpretation and manual sample-based verification using high-resolution
imagery. Green space coverage was then calculated.

(5) Questionnaire survey data: Stratified random sampling was used to deploy 39 sampling
points in the area, with 366 valid questionnaires recovered (survey conducted in June 2024).
These data quantified subjective perception indicators (e.g., place characteristics and path
continuity) and were spatially extrapolated using Kriging interpolation.

(6) Space syntax data: Betweenness centrality (BtE) and closeness centrality of the road
network were calculated using the SDNA (Spatial Design Network Analysis) plugin (based on
the March 2022 street network), with analysis thresholds set at 400 m (pedestrian scale) and
800 m (non-motor vehicle scale).

All data were subjected to coordinate unification (WGS 1984 UTM Zone 51N) and spatial
registration on the ArcGIS 10.8 platform.

2.3. Construction of the SUF Evaluation Index System

We constructed an SUF evaluation system comprising 7 first-level dimensions and
an initial set of 23 second-level indicators, drawing on sustainable development theory
and the “hierarchy-typology” framework of urban morphology, and guided by the goals
of resource efficiency, social equity, and ecological balance (Table 1). The indicators were
selected through a combination of literature review, Delphi expert consultation (30 experts),
and consideration of data availability, resulting in the final index set.

Table 1. Preliminary SUF evaluation index system for the Nanshi area (initial selection of indicators).

Definition and

Category Criterion Indicator Measurement Attribute
Ratio of the number
en?lctszlr?éﬂ of street entrances to Static (built form)
the block area
Degree of
Connectivity A2 Path uninterrupted path . .
continuity [24] network Dynamic (perceived)
(survey-based score)
A3 Road network  Total road length per . .
density [25] unit area (km/km?) Static (built form)
Average shortest
B1 Closeness path distance from a .
centrality [26] node to all Static (network)
Street network other nodes
features Frequency that a
Proximity B2 Betweenness node lies on shortest Static (network)
centrality [26] paths between
other nodes
. Density of public
acceB:sgi?gSIEZ 6] transport stops (bus Static (network)
Y stop kernel density)
Feature

computation formula

Betweenness (x) = Y

yEN z€Ry

Y P(2)OD(y,z x)

Indicator
interpretation

Betweenness centrality computed via SDNA: counts how often a node
lies on the shortest path between other node pairs. Higher values
indicate greater flow potential and spatial sustainability

(positive indicator)
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Table 1. Cont.

Definition and

Category Criterion Indicator Measurement Attribute
Proportion of street
view occupied by
C1 Interface flanking . .
enclosure [23] buildings/obstacles Static (built form)
(enclosed
facade ratio)
Morphology . Proportion of visible
C2 Sky view . .
sky from street (sky Static (built form)
factor (SVF) [27] . .
pixels/total pixels)
Distinctiveness/
C3 Place identity [23] character of the place Dynamic (perceived)
(survey-based score)
Total building floor
D.l FllngrRarzeg area divided by plot Static (built form)
Building and ratio (FAR) [25] land area
plot features Compactness of
D2 Plot building layout . .
Intensity compactness [28,29] within the plot Static (built form)
(shape index)
Compactness of
D3 Building individual building . .
compactness [24] footprints Static (built form)
(shape index)
Feature PSL — @

computation formula

Indicator
interpretation

Reflects the spatial efficiency of planar geometry. Higher values
indicate better potential for reducing detour distances, promoting
active mobility (walking/cycling), and lowering transport-related

carbon emissions; thus, this criterion serves as a positive indicator of

spatial sustainability

Distribution

Land use features

Ease of accessing

E1 Medical medical facilities Static (location)
service access [30] (distance-based
accessibility)
Ease of

E2 Daily
service access [31]

accessing daily
convenience services

Static (location)

E3 Educational
service access [31]

Ease of accessing
educational and
cultural facilities

Static (location)

E4 Commercial
service access [16]

Ease of accessing
commercial facilities

Static (location)

Diversity

F1 Functional
blending degree [30]

Land-use mix
measured using the
Shannon
diversity index

Static (land use)
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Table 1. Cont.

Definition and

Category Criterion Indicator Measurement Attribute
Variety and richness
F2 Spatial of spatial . .

richness [23] environment Dynamic (perceived)

) ) (survey-based score)
Diversity —

Degree of traditional

F3 Street character of Dynamic (perceived)

traditionality [23] streetscape Y P
Land use features (survey-based score)
Feature

computation formula

m
SHDI = — Y (P; x InP))
i=1

Quantifies functional mix in urban blocks based on information
entropy theory. Higher values indicate a more balanced spatial

intIer;dlrceat:’gon distribution of residential, commercial, and public service functions,
p thus reflecting stronger synergies among land uses and greater
potential for spatial sustainability (positive indicator)
Proportion of
Gl Green view ifiezfc_a\gi‘rl\: Static (environment)
index (GVI) [16] getatls
(vegetation
pixels/total pixels)
Percentage of land
G2 Green space area covered by Static (environment)
coverage [31] green space
(planar projection)
Complexity Park green space
provision and
Natural G3 Grggq space acce551b1ht¥ Static (environment)
reen features accessibility [32] (two-step floating
& catchment
area index)
Distance to nearest
. 64 Water water'body (lower Static (environment)
proximity index [33] distance =
higher value)
Feat
te? ur? 1 AF = G(dj, do)R;
computation formula le{d <do}
Indicator Higher values indicate lower travel cost to the nearest park, more
interpretation favorable microclimatic conditions, and greater potential for spatial

sustainability; thus, this criterion serves as a positive indicator

Note: In Table 1, all symbols in the feature computation formulas are defined as follows. For the plot compactness
index, S and V denote the area (m?) and perimeter (m) of each spatial unit, respectively. For the Shannon diversity
index (SHDI), m is the number of POI categories, P; is the proportion of category i within each spatial unit, and
In(e) denotes the natural logarithm. For park green space accessibility, i indexes demand locations/spatial units
and l indexes park supply points; d;; denotes the distance between i and park /; dy is the catchment threshold, such
that only parks with d;; > dy are included; G(d;;, dp) is a distance-decay weighting function within the catchment
(and equals 0 when d;; > dp); and R; represents the park supply capacity at [ relative to demand. Betweenness and
closeness centrality were computed in sSDNA based on shortest paths on the street network within the specified
search radius.

The detailed implementation process of the Delphi method is as follows: A panel of 30 experts
was selected to form the consultation team, covering three categories of participants—university
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academic experts (specializing in architecture, urban-rural planning and related fields, responsible
for the theoretical construction of indicators), planning and design experts (senior registered
urban planners, responsible for screening implementable indicators), and policy management
experts (staff from natural resource administration departments, responsible for ensuring the
compatibility of indicators with local policies). Their professional backgrounds span core domains
including urban planning and design, historic building conservation, geographic information
science, sustainable development, and ecological planning.

The consultation was conducted in two rounds of formal surveys (Appendices A and B): In
the first round, the initial indicator system was revised based on experts’ comments to prioritize
the importance of indicators. In the second round, the focus was placed on assigning indicator
weights and defining evaluation criteria. Discrepancies were resolved through special interviews,
and the final evaluation indicator system was confirmed by the expert panel upon review.

A combined subjective-objective weighting approach was used to determine indicator
weights. For subjective weights, we applied the rank-order method (G1 method) based on
expert rankings of indicator importance. For objective weights, we applied the entropy
method, calculating weights from the dispersion of each indicator’s data. This combined
approach avoided the limitations of any single weighting method, achieving an integrated
result reflecting both expert judgment and data-driven variance (Table 2).

Table 2. Weighting results for the SUF evaluation indices (Shenyang Nanshi area).

Category and Criterion

Indicator (Weight)

Street network features
Connectivity (0.079)
Proximity (0.200)
Building and plot features
Morphology (0.078)
Intensity (0.171)

Land-use features

Distribution (0.189)

Diversity (0.085)
Natural green features

Complexity (0.198)

A1 Block enclosure (0.036); A2 Path continuity (0.023); A3 Road network density (0.020)
B1 Closeness centrality (0.062); B2 Betweenness centrality (0.085); B3 Transit accessibility (0.053)

C1 Interface enclosure (0.012); C2 Sky view factor (0.017); C3 Place identity (0.049)
D1 Floor area ratio (FAR) (0.050); D2 Plot compactness (0.069); D3 Building compactness (0.052)

E1 Medical service access (0.061); E2 Daily service access (0.029); E3 Educational service access (0.058);
E4 Commercial service access (0.041)
F1 Functional mix (0.038); F2 Spatial richness (0.027); E3 Street traditionality (0.020)

G1 Green view index (0.053); G2 Green space coverage (0.076); G3 Green space accessibility (0.043);
G4 Water proximity index (0.026)

Note: Higher indicator values indicate better sustainability performance for all indices (positive indicators). The
comprehensive weights above were used to aggregate the indicators into a composite SUF score for each spatial
unit in the study area.

A multiplicative synthesis method based on the principle of minimum information
entropy was adopted to optimally integrate the subjective weight w) and objective weight
w,; for each indicator [34].

n n
minQ = ) w;(Inw; — Inwi) + ) w; (Inw; — Inw,;)
j=1 j=1

We derived the comprehensive weight w; for each evaluation indicator using this
method (via a Lagrange multiplier optimization).

wj = (@i wo) /Y (wrx we)

2.4. Research Methodology Framework

After clarifying the study area characteristics, organizing the baseline data, and con-
structing an evaluation index system adapted to the Nanshi area, this section further
integrates the “index—-method-strategy” logical chain to form a methodology framework
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covering “system construction, form evaluation, and optimization guidance,” which pro-
vides technical support for subsequent result analysis. First, the adaptive construction
of the sustainable urban form (SUF) evaluation index system is completed through the
“goal-data—index” linkage logic; second, a combination of weighting methods, spatial
analysis, and regression models is integrated to achieve quantitative measurement of SUF
and identification of key driving factors in the area; third, targeted optimization strategies
are proposed at the element, structure, and system levels based on evaluation results and
problem diagnosis. Details are elaborated as follows (Figure 2):

Evaluation index system for ATCGIS spatial H

sustainable urban forms analysis - Space syntax

* Delphi :

: < . : Indicator selection and ;
Spatial characteristics ‘ ‘ Multi-source data fusion ‘ ‘

optimization

Evaluating Sustainable Form in Order Relation Analysis-Entropy Weight Methoé!
Typical Historic Urban Areas ArcGIS spatial analysis
Geographically weighted regression
Street network Building and plot Natural green
Land use features
features features features

I

Key driving factors

Formal element Spatial structure System optimization
optimization optlmizatlon |
I
’ Heritage activation ‘ ‘ TOD-oriented ‘ ‘ Ecological stitching l
‘ Boundary softening ‘ ‘ Functional reorganization ‘ ‘ Smart governance ’

S A ——— E———— ———

Optimization of sustainable urban
morphology in typical historic urban areas

Figure 2. Research methodology framework diagram.

(1) Construction of the SUF Evaluation Index System.

Combined with the regional characteristics of the Nanshi area (i.e., the coexistence of
modern residential areas and relics of the modern commercial port) and constrained by
the availability of multi-source data, a “goal-data—index” linked evaluation system was
constructed. The specific process is as follows:

Regional characteristic anchoring: In response to the spatial differences between the
“fine-grained street network of historic fabric” and “grid-patterned modern residential
areas” in the study area, index dimensions suitable for the meso-micro scale were selected,
focusing on the three goals of “resource efficiency, social equity, and ecological balance.”

Multi-source data matching: A “data-index” mapping relationship was established
based on the sources of multi-source baseline data.

Index selection and validation: Through Delphi consultation with relevant industry
experts and data integrity verification, an index system was formed that not only covers
the needs of historical preservation and modern development in the area but also ensures
data operability.

(2) SUF Evaluation Method for Typical Historic Urban Areas.
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Centered on “quantitative measurement, key identification, and problem diagnosis,” a
technology chain adapted to the Nanshi area was formed by integrating the order relation-
entropy weight combination weighting method, ArcGIS spatial quantitative analysis, and
geographically weighted regression (GWR) analysis to identify key driving factors.

(3) SUF Optimization Strategies.

Based on the “evaluation result-problem diagnosis—strategy matching” logic, com-
bined with the key factors identified by the evaluation methods and problems in typical
areas, a three-tier “element-structure—system” optimization system was constructed.

3. Results and Discussion
3.1. Spatial Differentiation Characteristics of SUF

The composite evaluation result of SUF in the Nanshi area was obtained through
the weighted overlay analysis of the aforementioned indicators (Figures 3 and 4), which
intuitively reflected the spatial differentiation characteristics of the area. The natural breaks
(Jenks) method was adopted to classify the composite scores into five levels, with higher
levels indicating stronger overall resilience of the urban form. From Level 1 to Level 5,
the areas were categorized into five cluster grades: “Level 1 low sustainability” “Level 2
moderately low sustainability,” “Level 3 medium sustainability,” “Level 4 moderately high
sustainability,” and “Level 5 high sustainability.”

Legend

3 ronshinitarea
Nanshi Morphlolgical Unit
Index

B Low-Low
[ Low-High

"] Moderate
High-Low
Il High-High

The Second
Ring Road

Figure 3. Composite sustainable urban form evaluation map (grid-based) of Shenyang’s Nanshi area.

The spatial pattern can be summarized as follows:

(1) High-sustainability areas (Level 5, approx. 16% of the total area): These areas are
concentrated in the Bagua Street Historic Block and along Bajing Street. They rely on the
“small blocks, dense road network” fabric (road network density reaching 12 km/ kmz), high
functional mix (mean SHDI = 1.62), and well-preserved historic interfaces, demonstrating
outstanding performance in accessibility, connectivity, and diversity dimensions.
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(2) Low-sustainability areas (Levels 1 and 2, 21% of the total area): These areas are
mainly distributed in newly built residential areas along the Nanyun River (e.g., Luyuan
Community and Ruifu Community) and the northwestern corner of the study area. These
areas have significant shortcomings: fragmented green spaces (green coverage <12%), weak
public transport services (bus route density 45% lower than the area’s average), and single
functional type (mean SHDI = 0.78).

(3) Global spatial autocorrelation analysis: The global Moran’s I index of sustainability
scores is 0.64 (z = 19.37, p < 0.05), indicating that the scores are not randomly distributed but
exhibit significant positive spatial autocorrelation. Specifically, both high- and low-value
areas exhibit an agglomerated distribution pattern.
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Figure 4. Five-level clustering of sustainable urban form scores in Nanshi (natural break classification).

3.2. Key Influencing Factors and Driving Mechanisms

A geographically weighted regression (GWR) model was employed to explore the
determinants of the spatial pattern. The composite sustainability score served as the depen-
dent variable, with three core variables—road network density, functional mix (Shannon’s
diversity index, SHDI), and green space coverage—selected as independent variables for
analysis (Table 3). The model’s goodness of fit (R? = 0.68) indicated that these variables
jointly explained 68% of the spatial differentiation in sustainability, thus demonstrating
strong explanatory power.

Table 3. Summary of GWR model results.

Variable Coefficient (Mean) Standard Deviation Significance (P)
Road network density 0.37 0.08 <0.01
Functional mix (SHDI) 0.29 0.11 <0.05
Green space coverage 0.18 0.09 <0.05

https://doi.org/10.3390/buildings16030474


https://doi.org/10.3390/buildings16030474

Buildings 2026, 16, 474

13 of 25

Based on the GWR results and further spatial analysis, the following drivers were identified:

(1) Road network density (8 = 0.37, p < 0.01): As a primary positive driving factor,
high road network density enables shorter travel distances and superior walkability. This
aligned closely with the high scores of historic blocks and was consistent with the previous
analysis of spatial differentiation characteristics (Figure 5).

(2) Functional mix (SHDI, 8 = 0.29, p < 0.05): This is another crucial positive driving factor.
Mixed commercial-residential blocks (e.g., Bagua Street Historic Block) effectively reduce
long-distance travel demand while simultaneously enhancing spatial vitality (Figure 6).

(3) Green space coverage (8 = 0.18, p < 0.05): It has a significant positive impact,
although its influence intensity is relatively moderate with prominent spatial heterogeneity.
The impact is more pronounced in areas along the Nanyun River (Figure 7).

The aforementioned results indicated that the spatial pattern of sustainability in the
Nanshi area was mainly dominated by historically inherited spatial fabric (high road
network density) and functional layouts adapted to modern living needs (high functional
mix). Ecological and transportation facilities served as important auxiliary driving factors,
and their uneven spatial distribution further exacerbated the spatial differentiation of
sustainability in the area.
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Figure 5. Characteristics of betweenness centrality and closeness centrality in the Nanshi area.
(a) BtE400 m Threshold scatter plot. (b) BtE400 m Threshold path diagram. (c) BtE400 m Threshold
cell plot. (d) BtES800 m Threshold scatter plot. (e) BtEES00 m Threshold path diagram. (f) BtES800 m
Threshold cell plot.
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Figure 6. Diversity and spatial distribution assignment and cluster analysis. (a) Representative areas
for diversity metrics. (b) Representative areas for diversity metrics. (c) Representative areas for
spatial distribution metrics. (d) Scatter plot of spatial distribution metrics.
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Figure 7. Analysis of accessibility and hydrophilicity of park green spaces.

3.3. Problem Diagnosis of Typical Areas

Based on the results of the comprehensive evaluation and cluster analysis, two typical
areas were selected for in-depth diagnosis:
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High-high cluster area (Bagua Street Historic Block): It has a high comprehensive
sustainability score (0.82), with core advantages being high accessibility, high connectivity,
and high diversity. However, it performs poorly in the complexity dimension, which
is mainly reflected in an insufficient GVI (0.15). Given the impact of solid walls and
building obstructions, ecological benefits have not been fully converted into residents’
perceived welfare.

Low-low cluster area (Luyuan Community): It has a relatively low comprehensive
sustainability score (0.31), with core shortcomings focusing on the distribution and com-
plexity dimensions. Insufficient accessibility to public service facilities (distance to the
nearest hospital > 1200 m), fragmented green space distribution with poor accessibility
(two-step floating catchment area, 2SFCA < 0.05), and a single building layout with low
functional mix result in dual weaknesses in social and ecological benefits (Table 4).

Table 4. Characteristics of typical clustered areas in the SUF evaluation.

High-High Cluster =~ High-Low Cluster Low-Low Cluster

No. 134 Middle
School Area

Low-High Cluster

ID Bagua Street District Luyuan Community Luxun Park Vicinity
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Table 4. Cont.

High-High Cluster =~ High-Low Cluster Low-Low Cluster Low-High Cluster
No. 134 Middle

ID Bagua Street District School Area Luyuan Community Luxun Park Vicinity

Poor green space Uneven distribution
provision; low Weak connectivity;  of facilities; generally Poor overall
. ecological poor functional low values on all connectivity and
Disadvantages : L . . o .

complexity (low mix in indicators (social proximity (isolation

GVI due to surrounding blocks and ecological from urban services)
walled enclosures) underperformance)

4. Optimization Strategies for SUF

Based on the aforementioned quantitative diagnosis results, this study proposed
a three-tier “element-structure-system” optimization strategy, aiming to systematically
enhance the overall level of SUF in the Nanshi area.

4.1. Element Level: Historic Character Revitalization and Boundary Softening

Targeting high-value historic blocks (e.g., Bagua Street Historic Block), the strategy
shifted focus from “strengthening advantages” to “addressing shortcomings,” by accurately
responding to the inadequacy in the complexity dimension (Figure 8).

Yunji Street

Shiwei Road

Color Control
Guidelines

Wall

Details

: Commercial Outdoor Seating Creative Exhibitions : Multifunctional Street Seating Planter-Integrated Guardrails
: in Distinctive Districts in Distinctive Districts : inJraditional Neighborhoods in Traditional Neighbarhaads
. R ——————

Street Renewal

Elements

Figure 8. Illustration of external space revitalization (facade improvements and greening elements)

to enhance historic character and soften rigid boundaries.

Interface activation: This involves protective restoration of the facades of historic
buildings and replacement of closed solid walls with permeable railings. The goal is to
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increase the GVI to above 0.25 while activating street interfaces and enhancing ecological
perception and cultural vitality.

Flexible boundaries: This involves defining spaces within streets and lanes using
movable flower boxes, vertical greenery, and other means. This not only preserves the
historic charm but also improves ecological permeability and visual richness.

4.2. Structural Level: TOD-Oriented Development and Functional Restructuring

Targeting low-sustainability residential areas, the core strategy focused on structural reshap-
ing, thereby addressing the two key shortcomings of transportation and functionality (Figure 9).
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(a)

Figure 9. Comparison of road network connectivity before and after intervention (permeability at
800-m radius), demonstrating the effect of adding links and increasing intersection density. (a) Pre-
renovation street network integration (800 m). (b) Post-renovation street network integration (800 m).
(c) Scatter plot comparing pre- and post-renovation street network integration.

Transportation structure optimization: This involved strengthening transit-oriented
development (TOD) mode; densifying secondary road networks, opening up dead-end
streets, and enhancing road network density and connectivity within the 500-m core zone
around Heping Street Station; and promoting “demand-responsive transit” by dynamically
increasing bus service frequency along the Nanyun River, thereby addressing the supply—
demand mismatch in public transport accessibility.

Functional mix enhancement: This involves introducing convenient business formats,
such as convenience stores and fresh food stalls, through “community micro-renewal” in the
core areas of large residential communities (e.g., Luyuan Community). The goal is to raise
the SHDI of the functional mix from 0.78 to above 1.0, thus establishing a comprehensive
15-min community life circle.

4.3. System Level: Ecological Connectivity and Smart Governance

From the perspective of the district’s overall system, this level focused on resolving
core issues of ecological fragmentation and inadequate governance efficiency (Table 5).

Ecological corridor connectivity: This involves clearing illegal constructions along the
banks, opening up continuous waterfront non-motorized corridors, and linking scattered
green patches to build an integrated blue-green ecological network, with the Nanyun River
serving as the core ecological axis. Integrated with the construction of “pocket parks,”
green space services are extended to the high-density historic districts in the north, thereby

enhancing the inclusiveness of ecological welfare.
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Table 5. Key nodes for green space system renewal in the Nanshi area.
Node Current Status Current Status Intervention
ity wk N FVRCY ¥ Remove the old shanty

Luxun Park precinct

Yunji Community

Bagua Street block

housing and expand
Luxun Park’s area to
connect residential blocks
to the Nanyun River
green corridor

Clear barriers in the
enclosed courtyards and
add a central communal
green space, aiming for a
block green coverage >20%

Open up the fenced
historic garden to the
public to improve green
space benefits. Replace
hard perimeter walls with
permeable boundaries
(e.g., wrought iron fences)
to increase the GVI and
street connectivity

Smart governance platform: This involves establishing a district-level City Information
Modeling platform based on integrated GIS-BIM technology. This platform integrates multi-
source real-time dynamic data to conduct dynamic simulation and effectiveness prediction
of optimization strategies, ultimately forming an intelligent closed-loop governance system
of “monitoring—evaluation—-early warning—optimization.”

5. Discussion and Prospects
5.1. Discussion of Research Findings

Through the integration of multi-source data and quantitative analysis, this study es-
tablishes a sustainability evaluation system for historic urban areas at the meso-micro scale.
It reveals the spatial differentiation characteristics and driving mechanisms of sustainable
urban form in Shenyang’s Nanshi Area, and proposes a differentiated optimization strategy
based on the “element-structure-system” framework.

Combined with the research process and outcomes, discussions are conducted
from three dimensions: methodological applicability, core driving mechanisms, and the
“protection-renewal” logic. This aims to provide more universal theoretical references and
practical implications for analogous studies on historic urban areas.
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(1) Applicability and Limitations of the Evaluation Method

The Jenks Natural Breaks method was employed in this study to classify comprehen-
sive sustainability scores into five grades. By identifying the natural clustering characteris-
tics of data to determine classification boundaries, this method maximizes the manifestation
of the “high-low agglomeration” spatial differentiation pattern within the study area. More-
over, the classification results are highly congruent with the actual sustainability disparities
between the historic Bagua Street and the newly built Luyuan Community, providing clear
spatial guidance for subsequent problem diagnosis and strategy formulation.

However, its subjective limitations warrant objective acknowledgment. Firstly, the
classification results are contingent upon data distribution characteristics; the presence
of extreme values in the research data may compromise the rationality of classification
boundaries. Secondly, although the number of grades references research conventions
and expert opinions, sensitivity analysis has not been performed to verify the impact of
different classification numbers on result interpretation. Moving forward, comparative
studies could be conducted by introducing methods such as K-means clustering and equal-
interval classification. Alternatively, Bootstrap sampling could be utilized to verify result
stability, thereby mitigating subjective interference.

(2) Analysis of Core Driving Mechanisms

Results from the Geographically Weighted Regression (GWR) indicate that road net-
work density, degree of functional mixing, and green space coverage are the key driving
factors influencing the sustainable form of the Nanshi Area. Through the coordination and
constraint of transportation, functionality, and ecology, these three factors collectively shape
the spatial pattern of sustainability in the area. The specific mechanisms are as follows:

Road network density: A coupling medium of historical texture and modern travel
demands. Areas with high sustainability in the Nanshi Area (e.g., Bagua Street) feature
high road network density, and the historical “small-block, dense-road-network” texture
is well-suited to modern low-carbon travel needs. On one hand, the dense branch road
network shortens walking distances; the proportion of residents in this area who can reach
bus stops within 5 min on foot is significantly higher than in newly built residential areas,
effectively reducing motor vehicle dependence. On the other hand, road network connec-
tivity enhances spatial permeability, linking commercial and cultural functions to form
walkable, vibrant neighborhoods. In contrast, influenced by “courtyard-style” planning un-
der the planned economy, newly built residential areas exhibit extremely low road network
density, with numerous dead-end roads and gated communities. This increases travel costs,
disrupts spatial continuity, and becomes a bottleneck for sustainability improvement.

Degree of functional mixing: A core pillar for spatial vitality and low-carbon transi-
tion. The positive driving effect of functional mixing essentially reflects a chain reaction of
job-housing balance, reduced travel demand, and enhanced vitality. The Bagua Street area
integrates commercial, residential, and cultural functions; a high proportion of residents
have a commute distance of less than 1 km on workdays, and their leisure activities are
concentrated within the area on weekends, effectively reducing long-distance motorized
travel. Meanwhile, functional mixing extends the utilization time of neighborhoods, im-
proving spatial vitality and resource efficiency. In contrast, newly built residential areas
have a single functional orientation; residents must travel to commercial districts 2-3 km
away for consumption, increasing carbon emissions and resulting in a “vitality vacuum”
during non-peak residential hours.

Green space coverage: A link translating ecological benefits into residents” well-
being. Although the positive impact of green space coverage is relatively modest, its
dual “ecological-social” value is significant. Areas with high green space coverage, such
as the vicinity of Luxun Park, improve the microclimate through vegetation carbon se-
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questration, temperature reduction, and humidity enhancement, while providing leisure
spaces—contributing to high levels of residents’ life satisfaction. However, the benefits of
green space are also dependent on “accessibility and connectivity”. Although the green
space coverage of newly built residential areas along the South Canal reaches 15%, the
green space is fragmented and poorly accessible, preventing ecological benefits from being
translated into perceptible well-being for residents. This also explains why some areas with
high green space coverage still fall into the low-sustainability cluster.

(3) Practical Implications of the “Protection-Renewal” Mechanism

One of the values of this study lies in establishing a sustainable development mecha-
nism of “protection-first, adaptation-oriented renewal” for historic urban areas, specifically
reflected in the following aspects:

Protecting historical texture and consolidating the “spatial foundation” of sustainable
form: Empirical findings from the Nanshi Area demonstrate that the historical “small-
block, dense-road-network” texture is not an “outdated relic” but a high-quality resource
compatible with modern low-carbon demands. Compared with newly built residential
areas, historic blocks inherently excel in indicators such as road network density and
spatial connectivity. Through protective renovation, sustainability can be enhanced at the
lowest transformation cost. This protection-led renewal model not only avoids damage to
historical context caused by “large-scale demolition and reconstruction” but also provides
a low-cost pathway for the low-carbon transition of high-density historic urban areas.

Precisely addressing renewal shortcomings and resolving the contradiction between
protection and development: Sustainable development of historic urban areas does not
equate to “full-element protection”; instead, targeted renewal should be implemented for
ecological and functional deficiencies on the basis of protecting core textures. For example,
while Bagua Street retains intact historical texture, it suffers from insufficient green space
and low ecological benefits. Through micro-renewal measures such as “flexible boundary
renovation” and “pocket park insertion”, the green view index can be improved without
compromising historical style and features. Newly built residential areas such as Luyuan
Community need to compensate for planning flaws through “structural restructuring”
to achieve coordinated development with the overall sustainability of the area. This
“differentiated renewal” mechanism not only avoids the decline in spatial vitality caused by
“rigid protection” but also prevents the disruption of historical context due to “excessive
renewal”, thereby achieving a balance between protection and development.

5.2. Future Prospects

The primary innovation of this study lies in the in-depth integration of multi-source
big data with urban morphology theory, enabling refined measurement and diagnosis of
the sustainability of historic urban areas. Future research can be further advanced in the
following directions:

(1) Dynamic simulation and prediction: Introduction of models such as Cellular
Automata (CA) and Agent-Based Models (ABM) to simulate long-term sustainability
effects under different renewal strategies.

(2) In-depth integration with “dual carbon” goals: Incorporation of carbon emission
accounting into the evaluation system to explore the quantitative relationship between
morphological indicators and carbon emissions in depth.

(3) Advanced research on social equity: Integration of more granular population and
socioeconomic data to assess the differentiated impacts of morphological optimization on
diverse social groups (e.g., the elderly, children), thereby enhancing the social inclusiveness
of strategies.
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Appendix A. Questionnaire on Living Environment in the Nanshi
Area, Shenyang

Dear Resident,

To improve the quality of the living environment in the Nanshi Area, we are conduct-
ing a survey on the sustainability of urban form. This questionnaire will take approximately
5-10 min to complete. Your honest feedback will serve as a crucial basis for the renewal of
the area. The survey is conducted anonymously, and all data will be used exclusively for
academic research. Thank you for your support!

1. Basic Information
Age:

0 Under 18 1J 18-30 years old [ 31-50 years old [1 51-70 years old [ Over 70 years old
Duration of Residence in the Nanshi Area:

[ Less than 1 year [ 1-3 years [1 3-5 years [15-10 years [1 Over 10 years
Occupation:

O Student [J Office Worker [J Retired U Freelancer [J Other
Main Daily Activity Range (Multiple choices allowed):

O Inside the residential area [J Surrounding commercial blocks [0 Public green
spaces/parks U Transportation hubs O Other

2. Evaluation of Subjective Indicators (Please choose based on your actual feelings)

Path Continuity (A2):
Do you think the walking routes from your home to surrounding destinations (e.g., super-
markets, parks) are smooth?

O Very smooth (5 points) O Relatively smooth (4 points) [ Average (3 points) OJ Not
very smooth (2 points) [J Not smooth at all (1 point)

Are there dead-end roads or gated communities in your area that affect walking?

[ None at all (5 points) (I Few (4 points) [1 Average (3 points) [ Many (2 points) [
Very many (1 point)

Place Character (C3):
Do you think the Nanshi Area has unique cultural or historical characteristics?
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O Very distinct (5 points) O Relatively distinct (4 points) [J Average (3 points) UJ Not
very distinct (2 points) [ No characteristics (1 point)

Can you perceive the historical context of the area through the existing architecture, streets,
or public spaces?

U Fully perceivable (5 points) U Partially perceivable (4 points) UJ Average (3 points)
U Hardly perceivable (2 points) [1 Not perceivable at all (1 point)

Spatial Richness (F2):
Are you satisfied with the diversity of architectural styles, greening layouts, and public
spaces in the area?

O Very satisfied (5 points) [] Relatively satisfied (4 points) [ Average (3 points) [J Not
very satisfied (2 points) O Very dissatisfied (1 point)
Do you think the spatial hierarchy in the area (e.g., the mix of high-rise and low-rise
buildings, landscape nodes) is rich?

O Very rich (5 points) [ Relatively rich (4 points) [1 Average (3 points) L1 Not very
rich (2 points) [ Very monotonous (1 point)

3. Open-Ended Questions

Which aspects of the Nanshi Area do you think need the most improvement? (Multiple
choices allowed)

O Traffic convenience U Protection of historic buildings [ Green environment
[J Public service facilities [J Other
Do you have any suggestions for the future development of the Nanshi Area?

End of Questionnaire. Thank you for your valuable opinions!

Appendix B. Expert Consultation Questionnaire for the Measurement and
Evaluation Index System of Sustainable Urban Form in the Nanshi Area

Dear Expert,

This study aims to construct a scientific and reasonable evaluation system for the
measurement of sustainable urban form (SUF). We sincerely invite you to participate in the
first round of Delphi expert consultation. Your professional opinions will play a pivotal role
in index screening and weight determination. The questionnaire is conducted anonymously,
and all data will be used exclusively for academic research. Thank you for your support!

1. Research Background and Explanation

Based on the preliminary achievements in constructing the SUF evaluation index
system for the Nanshi Area of Shenyang, 23 evaluation indicators have been initially
selected. Further expert scoring is now required to screen key indicators, ultimately
forming a SUF assessment framework adapted to the renewal of historic urban districts.
This round of the questionnaire requires you to score the importance of each indicator and
put forward optimization suggestions.

2. Scoring Instructions

Scoring Criteria: A 5-point Likert scale is adopted, as follows:

U 1 point (Not important at all) O 2 points (Unimportant) [ 3 points (Average)
U 4 points (Important) 0 5 points (Very important)

Indicator Definitions: Please refer to the indicator explanations in Appendix A for scoring.
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Screening Principles: Indicators will be retained if they meet the criteria of Relative

Importance Index (RIIi) > 0.80 and Coefficient of Variation (8i) < 0.25.

3. Indicator Scoring Table

Based on your professional experience, please score the importance of the following

indicators (Please tick 4/ in the corresponding box):

Benchmark Layer Criterion Layer Indicator Layer Score

Al Plot Enclosure 0102030405
Connectivity A2 Path Continuity 0100203 04 05
Street Network A3 Road Network Density 01020304 05
Characteristics B1 Closeness Centrality 01020304 05
Proximity B2 Betweenness Centrality 010020304 05
B3 Public Transport Accessibility 010020304 05
C1 Interface Enclosure Degree 01020304 05
Morphology C2 Sky View Factor (SVF) 010203 04 05
Building & Plot C3 Place Character 0102030405
Characteristics D1 Floor Area Ratio (FAR) 01 02 O3 4 0I5
Intensity D2 Plot Compactness U1 020304 05
D3 Building Compactness 01020304 05
E1 Medical Service Centrality 01020304 05
o E2 Daily Service Centrality 01020304 05

Distribution : - -
E3 Cultural & Educational Service Centrality 01020304 05
Land Use. . E4 Commercial Service Centrality 01 0203 04 0I5
Characteristics F1 Functional Mixity 01 02 03 04 05
Diversity F2 Spatial Richness 01 02 03 04 0I5
F3 Street Traditionality 01 02 03 04 0I5
G1 Street Green View Index 0102030405
Natural Green Space Complexity G2 Green Space Coverage Rate 0102030405
Characteristics G3 Green Space Accessibility 0102030405
G4 Hydrophilic Index 010020304 05

4. Open-Ended Suggestions

Which of the above indicators do you think need adjustments in definition or naming?
Please explain the reasons.

Do you suggest adding other relevant indicators? Please list them and provide a
brief explanation.

Do you have any other suggestions for the construction of the indicator system in
this study?

5. Expert Information

For the convenience of subsequent analysis, please provide the following information (to
be anonymized):
Field of Expertise:

U Urban Planning U Architecture [ Landscape Architecture [ Other

Academic Title /Position:
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[J Professor/Researcher [J Associate Professor/Associate Researcher [J Lecturer/
Assistant Researcher [ Engineer [J Other

End of Questionnaire. Thank you for your valuable opinions!
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