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Abstract

The sustainable development of valley-type historic towns is increasingly challenged
by tourism growth, infrastructure modernization, and community change. Effective re-
sponses require a systematic understanding of how spatial morphology mediates the
trade-offs between heritage conservation and socio-economic vitality. However, existing
studies rarely connect configurational analysis with actionable sustainability strategies
in topographically constrained settings. This study addresses this gap by developing a
multi-level comparative framework that integrates GIS-based environmental assessment,
space syntax configurational modelling, and building-fabric fieldwork. The framework is
applied to three historic towns in the upper Yellow River Basin—Qingcheng, Hekou, and
Hongcheng—which share similar valley constraints but diverged in historical functions
(commercial, defensive, and mixed). Four dimensions are examined, mountain—water pat-
terns, street networks, building fabric, and public-space systems, using indicators including
elevation, slope, distance to water, axial integration, intelligibility, shop-front proportion,
street aspect ratio, and public-node service radius. The results reveal two complemen-
tary layers of spatial logic. At the environmental level, all three towns exhibit shared
valley-adaptive traits—near-water locations on relatively gentle terrain, low-slope terrace
occupation, axial elongation, and concentrated public spaces. Flood risk was not directly as-
sessed in this study. At the functional level, marked differentiation emerges. Hekou shows
the highest network intelligibility (R? = 0.900) and commercial frontage (35% shop-front
proportion), which may be interpreted in relation to its commercial and transportation
history; however, socio-economic vitality was not directly measured. Hongcheng displays
lower intelligibility (R? = 0.556) and thicker defensive walls (0.6-0.8 m), which may be
interpreted in relation to its defensive history; however, cultural resilience and economic
adaptability were not directly measured. Qingcheng presents a mixed pattern with a single
high-integration axis and diverse public nodes, which may be interpreted as functional
layering; this interpretation is theoretical and was not directly tested. Rather than offering a
universal model, this study provides an evidence-based framework for diagnosing the sus-
tainability implications of spatial form in valley-type historic towns. The findings translate
morphological indicators into differentiated management strategies—prioritising commer-
cial corridor continuity in Hekou, preserving defensive spatial sequences in Hongcheng,
and balancing functional layering along the historic axis in Qingcheng. This framework
contributes to sustainable heritage management by demonstrating how spatial analysis
can inform context-sensitive planning that reconciles conservation with development in
environmentally constrained settings.
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1. Introduction

These spatial characteristics are not only environmental adaptations but also material
records of long-term social, economic, military, and cultural activities. This perspective is
grounded in the foundational works of Conzen [1] on urban form persistence and Lynch [2]
on settlement legibility. Recent studies have likewise shown how urban form can be opera-
tionalised for heritage-led regeneration and public value creation in historic districts [3].
Lynch'’s framework—particularly his identification of paths, nodes, edges, districts, and
landmarks—provides a theoretical grounding for analysing how street networks and public
spaces shape spatial cognition and collective memory [2].

What makes valley-type towns analytically distinctive is not the mere presence of
topographical constraints, but the specific nature of those constraints. In valley settings,
mountains and hills create a rigid spatial envelope that sharply delimits buildable land and
forces settlement to elongate along the valley axis rather than expand radially [4,5]. This
axial compression produces linear street networks, strong dependence on a single primary
axis, and close relationships between river proximity and terrace siting. We define valley-
type historic towns as settlements whose spatial morphology is fundamentally constrained
by valley topography—elongated along a single axis, bounded by slopes, and dependent
on river proximity for transportation and subsistence—distinguishing them from plain,
plateau, or coastal settlement types. Valley settings within the same river system offer
a relatively stable environmental baseline across multiple sites, allowing researchers to
examine how different historical functional orientations are associated with divergent
morphological outcomes while topographical constraints remain broadly similar [6].

This research opportunity is not confined to China. Valley-type historic settlements
have been examined worldwide, from the Kathmandu Valley in Nepal [7-9] to Italian
hill-top and valley-bottom towns [10,11], the Tamar Valley in southwest England, and 19th-
century mining towns in the Rocky Mountains [12]. Across these regions, GIS-based spatial
analysis and space syntax configurational modelling have been increasingly employed to
decode valley settlement morphology [13,14]. Recent work has further advanced heritage
impact assessment and the integration of space syntax with heritage frameworks [15].
Yet comparative studies that systematically examine how different historical functional
orientations are associated with divergent morphological outcomes within similar valley
environments remain rare.

The upper Yellow River Basin in Northwest China offers a particularly suitable setting
for comparative analysis due to its concentration of historic towns that share similar topo-
graphical constraints yet diverged in historical functions. Some towns served as commercial
and transportation hubs along river and land routes, while others originated from military
defence systems or gradually transformed from military settlements into commercial and
cultural centres. Under contemporary conditions, these towns face increasing pressure
from tourism development, road improvement, infrastructure construction, and residential
renewal. Identifying their stable spatial characteristics and differentiated morphological
patterns is therefore important for both historical interpretation and sustainability-oriented
spatial management. Because these towns also differ in settlement size, preservation status,
and contemporary development pressure, the present study treats historical function as
one potential influence among several rather than as a deterministic cause.
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Existing studies on historic settlements have developed rich theoretical and method-
ological approaches. Urban morphology research has emphasised the stability of street
networks, plot structures, building fabrics, and town-plan units [1,5,6]. The Historic Ur-
ban Landscape (HUL) framework advocates integrated assessment of natural topography,
historical layering, and cultural values [16,17]. Quantitative methods such as GIS analysis,
space syntax [10], graph theory, and network analysis have increasingly been applied to tra-
ditional villages, historic districts, and old urban centres [13,18,19]. GIS-based approaches
have also been integrated with HUL frameworks to analyse layered urban transforma-
tions [20,21]. Lynch’s conceptual toolkit—particularly the distinction between paths, nodes,
edges, districts, and landmarks—has found renewed relevance as a qualitative counter-
part to quantitative configurational analysis, linking measurable spatial properties with
human-centred notions of legibility, identity, and place attachment [2,22].

However, research on valley-type historic towns still requires further development.
Many existing studies focus on single cases, while comparative studies among multiple
towns under similar topographical constraints remain limited. Although both natural
environment and historical function are recognised as important factors shaping settlement
morphology, it remains insufficiently explained how similar valley environments are associ-
ated with shared spatial characteristics while different historical functional orientations are
associated with differentiated morphological patterns. In addition, quantitative spatial indi-
cators are often used for diagnosis, but their translation into sustainability-oriented spatial
management measures—such as historic-axis protection, street-scale control, courtyard-
fabric conservation, and public-space management—remains underdeveloped.

Qingcheng, Hekou, and Hongcheng provide suitable cases for exploring these issues.
All three towns are located in the upper Yellow River Basin and its tributary valley system,
sharing broad environmental conditions such as river proximity, terrace-based construction
land, and strong relationships between settlement, water, and surrounding mountains.
At the same time, they differ in historical functional orientation: Hekou developed as a
commercial and transportation hub, Hongcheng retained a stronger military-defensive
character, and Qingcheng presents a mixed pattern formed through military-to-commercial
transformation and cultural layering. The three towns are not matched on settlement
area, preservation status, or contemporary development pressure, so the comparison is
exploratory and associational rather than a controlled test of historical function. Historical
function is treated as one co-constituting influence among several, including settlement
size, topographic setting, preservation history, and recent redevelopment. A fuller account
of case comparability and potential confounders is provided in Section 2.2 and Table 1.

Table 1. Case comparability and potential confounders.

Historical Contemporary
Area . . . Elevation/Slope Preservation Tourism/ Main Potential
Town 5 Functional River Setting
(km?) Orientation of Core Status Development Confounders
Pressure
Military— . Largest area;
Qingchen 0.945 commercial-  Yellow River 1429-1734 m; dil\s/llzfsdé q hliv[}cictlgiiti:n dispersed fabric;
& & ’ cultural alluvial plain <2° . p . & multiple heritage
. historic fabric and renewal
layering layers
Smallest area;
Commercial- River- 1551-1881 m; Relatively H}gh commer= strongest
Hekou 0.113 transport confluence <90 concentrated cial/tourism modern
P terrace - pressure commercial
pressure
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Table 1. Cont.
N Contemporary
Area Hlsto'r ical . . Elevation/Slope Preservation Tourism/ Main Potential
Town > Functional River Setting
(km?) . . of Core Status Development Confounders
Orientation
Pressure
Compact Steeper valley;
Military- Zhuanglang 1774-2042 m; p. Lower tourism stronger
Hongcheng 0.239 . . 5 defensive .
defensive River valley 2-8 fabric pressure defensive
remains

Note: Area is based on the unified historic-core boundary. Preservation status and development
pressure are qualitative assessments based on conservation planning documents and field observa-
tion. These variables are not controlled in the comparative design and are discussed as competing
explanations in Section 4.6.

This study examines the spatial morphology of the three towns through four ana-
lytical dimensions: mountain-water pattern, street network, building fabric, and pub-
lic space. Field surveys, GIS analysis, space syntax, and building-fabric measurements
are used to compare indicators such as elevation, slope, distance to water, axial integra-
tion, intelligibility, shop-front with rear-residence proportion, street aspect ratio, public-
node distribution, and service radius. The objectives of this study are threefold. First,
it identifies the shared valley-adaptive spatial characteristics of Qingcheng, Hekou, and
Hongcheng, including near-water location, low-slope construction land, axis-led organi-
sation, and public-space agglomeration. Second, it explores how differentiated morpho-
logical patterns—commercial openness in Hekou, defensive enclosure in Hongcheng, and
functional layering in Qingcheng—are associated with different historical functional orien-
tations, while acknowledging that other factors may also contribute. Third, it translates
quantitative findings into sustainability-oriented conservation planning implications, in-
cluding the protection of high-integration historic axes, control of traditional street aspect
ratios, conservation of courtyard fabric, and management of public-space service areas.

The motivation for investigating spatial morphology extends beyond morphological
description. Spatial form is not a neutral physical container; it mediates the social, cultural,
and economic life of a place [23,24]. Street networks condition patterns of pedestrian
movement and social encounter, which in turn shape community vitality and everyday
practices [25,26]. Building fabric and public spaces carry material traces of historical
functions and serve as anchors for collective memory and identity [27]. When these
spatial structures are eroded or fragmented, what is lost is not merely physical artefacts
but the relational fabric that sustains local knowledge, social cohesion, and continuity
with the past [28]. Analysing spatial morphology is therefore a necessary first step toward
understanding how a town works as a living environment, not just as a historical document.

It should be noted that this study does not claim that historical function alone explains
morphological variation. Rather, it asks whether, within a shared valley-environmental
baseline, towns with different functional histories exhibit systematically different mor-
phological tendencies. Because the three cases are not matched on area, preservation
status, or contemporary development pressure, the findings are offered as exploratory
and hypothesis-generating rather than causal. Within this framing, the specific innovation
of the study lies in its multi-level comparative framework. Unlike previous GIS-space
syntax studies that focus primarily on street-network configuration, this study integrates
environmental assessment, configurational modelling, building-fabric measurement, and
public-space mapping, and applies this integrated framework to valley-type historic towns
with different historical functional orientations. Its contribution lies in linking quantitative
spatial morphology analysis with sustainability-oriented spatial management practice,
rather than in constructing a universal theory. Given the limited number of cases, the find-
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ings should be understood as a preliminary regional comparison; their broader applicability
requires further verification through larger samples and cross-regional studies.

2. Materials and Methods
2.1. Analytical Framework

This study constructs a comparative analytical framework for valley-type historic
towns based on the relationship between natural constraints, historical functional ori-
entation, spatial morphology, and conservation planning. The framework does not aim
to establish a universal model but to examine how historic towns within similar valley
environments share common spatial characteristics while developing differentiated mor-
phological patterns that are associated with different historical functional orientations.
The basic analytical logic proceeds in four steps. First, the valley environment provides a
shared natural setting—river proximity, terrace-based land, and low-slope areas—forming
the environmental basis for spatial development. Second, different historical functional
orientations (commercial, military, mixed) are associated with the organisation of street
networks, building fabric, and public spaces. Third, these spatial differences are identified
through measurable indicators derived from GIS analysis, space syntax, field surveys,
and building-fabric measurements. Fourth, the quantitative findings are translated into
sustainability-oriented spatial management implications. In this study, “spatial gene” is
used heuristically as an interpretive concept referring to relatively stable and inheritable
spatial characteristics, translated into measurable morphological indicators for operational
comparison. The overall analytical framework is illustrated in Figure 1.

@ Natural foundation
Irreversible physical

1 VALLEY PHYSICAL SYSTEM (Natural Constraints)

Mountains Rivers Slopes & Terraces (}Jhmnrte constraints of the
. : ) R (Precipitation & ulley b
(Topograpgy) (Fluvial network) | (Gradient & Landform) Hydrology) y -

@ Site conditions
Favorable location

2 SETTLEMENT SITE CONDITIONS (Location Advantages)
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(Access to water (Suitable for (Flat and open space s Fi Sl
and transport) settlement) for development) settlement distribution.
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Different functional

3 HISTORICAL FUNCTION TYPES (Human Drivers)

Commercial Town
(Trade & transport

Mixed-use Town
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space organization.
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@ Measurement & analysis
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intelligibility) grain)

6 CONSERVATION TRANSLATION (Planning Implications) PY

Planning application
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Axis Protection Street Scale Building Fabric Public Space Waterfront o .
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Figure 1. Analytical framework of the study. A multi-level framework linking valley physical con-
straints, settlement conditions, historical functions, spatial morphology, and sustainability-oriented
spatial management, operationalized through GIS, space syntax, and morphological indicators.
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In this study, four interpretive terms are used. “Spatial gene” is used heuristically to
refer to relatively stable and inheritable spatial characteristics of traditional settlements,
which are translated into measurable morphological indicators for operational comparison.
“Cultural resilience” refers to the capacity of a historic town’s spatial and material fabric
to sustain cultural identity and continuity under change; it is interpreted here through
morphological indicators such as defensive walls and enclosed layouts, but is not directly
measured. “Economic adaptability” refers to the capacity of the spatial structure to ac-
commodate changing commercial and functional uses; it is interpreted through indicators
such as shop-front proportion and street connectivity, but is not directly measured. “Socio-
economic vitality” refers to the intensity and diversity of economic and social activities
in public space; it is interpreted here through configurational indicators such as integra-
tion and intelligibility, but is not directly measured. These terms are used consistently
throughout the manuscript as interpretive concepts, not as empirically verified outcomes.

2.2. Study Area and Case Selection

The study focuses on three valley-type historic towns in the upper Yellow River Basin:
Qingcheng, Hekou, and Hongcheng. Qingcheng is located in Yuzhong County, Lanzhou
City, on the south bank of the Yellow River. Hekou is located in Xigu District, Lanzhou City,
near the confluence of the Yellow River and the Zhuanglang River (Figure 2). Hongcheng
is located in Yongdeng County, along the Zhuanglang River valley. All three towns are
situated in the upper Yellow River valley system and have spatial forms strongly influenced
by mountains, rivers, terraces, and limited construction land.

N Ningxia Hui

t Autonomous

Region

Qinghai Province
b .
B ,W
T g
B Hongeheng Ancient Town
A HekoulAncient Towm
@®  Qingcheng Ancient Town DEM (m)
{1 Administrative Regionalization, Lan Zhou . 5206 C
4
[] Research Objects OI_'O 2040 00 sokm - 1117 \,7

(a)Qingcheng Ancient Town y (b)Hekou Ancient Town
>

P i

[ Extent of the Study Arca () Major Nodes

Secondary Nodes

Figure 2. Location of Qingcheng, Hekou and Hongcheng in the upper Yellow River Basin and unified
analytical boundaries.

The three cases were selected according to five pre-defined criteria. First, all are located
within the upper Yellow River Basin or its tributary valley system, ensuring similarity in
regional geographical background. Second, they were formed before or during the Ming-
Qing period and preserve historical spatial patterns to varying degrees. Third, they retain
identifiable historic street networks, traditional building fabric, and public nodes. Fourth,
they represent different historical functional orientations: Hekou is mainly associated
with commercial transportation, Hongcheng with military defence, and Qingcheng with
a mixed process of military-to-commercial transformation and cultural layering. Fifth,

https://doi.org/10.3390/su181910137


https://doi.org/10.3390/su181910137

Sustainability 2026, 18, 10137

7 of 31

field-survey data, historical documents, satellite images, and spatial data are available for
all three towns.

These criteria ensure broad comparability in environmental setting and historical
documentation, but they do not control for differences in settlement area, preservation
status, or contemporary development pressure (Table 1). These differences may influence
configurational measures and the completeness of the historic fabric. The comparison is
therefore exploratory and associational: historical function is treated as one co-constituting
influence among several, and the observed differences are interpreted as consistent with,
rather than determined by, historical functional orientation.

2.3. Boundary Definition and Comparability

A unified research boundary is essential for ensuring comparability among the three
towns. If different boundary standards were applied, indicators such as building density,
axial integration, and public-node service radius would become incomparable. Therefore,
this study defines the research boundary according to the same principle for all three
towns. The boundary refers to the historic-core area where historical streets, traditional
buildings, and public nodes are continuously preserved. Modern peripheral expansion
areas, agricultural land, mountains, water bodies, large-scale new tourist facilities, and
non-historic construction areas are excluded. The boundary is determined through a
combination of conservation planning documents, historical maps, high-resolution satellite
images, field investigation, and the continuity of historic street-and-building fabric. Within
this unified boundary, all publicly accessible historic streets and lanes are included in the
street-network analysis. Traditional residential courtyards, commercial frontages, temples,
ancestral halls, academies, wharfs, gates, towers, squares, and other public nodes are
included in the building-fabric and public-space analyses when located within the defined
historic core. The boundary area of Qingcheng is larger than the other two cases (0.945 km?,
compared with 0.113 km? for Hekou and 0.239 km? for Hongcheng), reflecting a relatively
dispersed distribution of its historic built fabric. This variation is documented as a basic
spatial descriptor; subsequent morphological indicators—such as axial integration and
intelligibility—are topological measures not directly dependent on absolute area, preserving
the validity of cross-town comparison.

2.4. Data Sources

This study employs a three-tier data framework distinguishing between source data,
processing environments, and analytical outputs.

Source data comprise four categories. First, environmental data—ASTER GDEM v3
(30 m resolution) and river system vector layers from the National Geographic Census
database—were used for terrain and distance-to-water analysis. Second, remote-sensing
and cartographic data—high-resolution satellite images (Tianditu, 0.5 m resolution) and
digitised historical maps from local conservation archives—were used to delineate street
networks, building footprints, and public-space boundaries. Third, historical and archival
data—Tlocal chronicles, town history records, cultural heritage registration documents, and
conservation planning reports obtained from the Cultural and Tourism Bureaus of Lanzhou
City, Yuzhong County, and Yongdeng County—were used to reconstruct historical devel-
opment trajectories and functional orientations. Fourth, field-survey data were collected
during campaigns conducted in July—August 2023, spanning approximately three weeks in
total (one week per town). The survey covered all publicly accessible historic streets and
lanes within the unified core boundary, totalling 6.2 km of street frontage across the three
cases. Building measurements were recorded for 47 representative traditional buildings
(16 in Qingcheng, 15 in Hekou, and 16 in Hongcheng). A stratified purposive sampling
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strategy was used. The sample covered all major historical thoroughfares, all identifiable
building types (shop-front with rear-residence, courtyard dwelling, temple, ancestral hall,
gate/tower, and defensive wall), and different preservation conditions. Severely altered
buildings that could not be measured reliably (e.g., those with structurally altered walls
or lost original materials) were excluded. This exclusion may bias the detailed sample
toward better-preserved buildings and potentially underestimate the extent of modern
commercial renovation. To mitigate this, wall thickness and shop-front proportions were
calculated from larger samples that include all accessible traditional buildings along the
main historic streets. These 47 buildings constitute the detailed building-fabric sample, and
measured variables included street width, building height, wall thickness, and building
use. Some indicators, however, were additionally calculated from larger or differently
defined samples because they can be recorded consistently beyond this detailed sample.
Wall thickness was measured for all accessible traditional buildings along the main historic
streets, yielding larger samples (Qingcheng n = 47; Hekou n = 39; Hongcheng n = 41).
The shop-front with rear-residence proportion was calculated at the level of street-front
building units rather than individual detailed sample buildings; its denominator is the total
number of identifiable street-front building units along historic streets within the unified
core boundary (Qingcheng 142; Hekou 117; Hongcheng 131). These larger samples are
therefore not limited to the 47-building detailed fabric sample, but are used to improve the
representativeness of the relevant indicators. Wall thickness was measured at three points
per building at 1.0-1.5 m above the plinth, avoiding door and window openings; the mean
of the three measurements was used. Measurement uncertainty for wall thickness is =1 cm.
Street aspect ratio was calculated as mean building height divided by mean street width
along representative continuous street sections of at least 30 m, excluding intersections.
All measurements were recorded on standardised field sheets and cross-checked with
photographs. Semi-structured observations documented commercial frontage continuity
and public-space activity patterns, recorded through standardised field sheets and sup-
plemented by over 800 geotagged photographs. Informal interviews with local residents,
shopkeepers, and village elders were conducted to cross-verify functional interpretations
derived from historical documents; these interviews served as a qualitative validation tool
for morphological interpretation rather than a systematic social survey. Participation was
voluntary, and verbal informed consent was obtained before each interview. Participants
were informed of the purpose of the study, the voluntary nature of participation, their
right to withdraw at any time, and the anonymised use of their responses for research pur-
poses. The interviews did not collect personal identifiers or sensitive personal information.
All responses were anonymised, stored securely, and used solely for research purposes.
In accordance with the institutional guidelines of Lanzhou University of Technology for
non-invasive social research, this study was exempt from formal ethics review.

These source data were processed in three analytical environments. GIS-based
analyses—elevation, slope, aspect, distance-to-water, and building-density calculations—
were conducted in ArcGIS Pro 3.1. Space syntax modelling—axial map construction and
configurational analysis (global integration, local integration, intelligibility)—was per-
formed in Depthmap X 0.8.0. Statistical and spatial calculations—including buffer analyses
of public-node service radii and descriptive statistics—were performed in Microsoft Excel
and ArcGIS Pro.

Analytical outputs derived from these environments include topographic maps (el-
evation, slope, aspect, distance-to-water); configurational indicators (axial integration,
intelligibility); building-fabric metrics (building density, courtyard proportion, shop-front
with rear-residence proportion, street aspect ratio); and public-space indicators (node count,
functional typology, service radius). These outputs form the basis for the comparative anal-
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ysis in Section 3 and are discussed in relation to sustainability-oriented spatial management
in Section 4. A summary of the data framework is provided in Table 2.

Table 2. Data framework: source data, processing environments, and analytical outputs.

Source Data

Processing Environment Analytical Outputs Purpose

Environmental data:

Elevation, slope, aspect Identify terrain setting and

ASTER GDEM v3 (30 m) ArcGIS Pro 3.1 maps constr}lctlgp land
suitability
Environmental data: River
system vector layers Distance-to-water Assess river—settlement
(National Geographic ArcGIS Pro 3.1 calculation proximity
Census)
Remote-sensing data: Building footprint . g1 .
Satellite images (Tianditu, ArcGIS Pro 3.1 extraction, street-network Delineate building fabric
LT and street layout
0.5m) digitisation

Historical data: Local
chronicles, conservation
planning archives

Reconstruct historical
development and
functional orientation

Historical functional

Document review
typology

Field-survey data: On-site
measurements,
photographic records

Street width, building
height, wall thickness,
courtyard proportion,
shop-front proportion

Documentation and
cross-verification

Quantify building-fabric
characteristics

Digitised street network

Evaluate street-network
configuration

Axial maps; global/local

Depthmap X 0.8.0 integration; intelligibility

Digitised public nodes

Public-node count,
functional typology, service
radius (50 m intervals, 50%

coverage threshold)

ArcGIS Pro 3.1 (buffer
analysis)

Analyse public-space
organisation and coverage

The GIS analysis follows standard procedures for terrain and distance-to-water calcula-
tion [29,30], using DEM data to generate elevation, slope, and aspect maps. Building density
is calculated by dividing total building footprint area by total boundary area. Courtyard
proportion is identified through satellite image interpretation and field verification.

ASTER GDEM v3 (30 m resolution) was used primarily for regional terrain setting and
for comparing slope and elevation ranges across the three towns, rather than for parcel-level
analysis within the historic cores. Fine-scale verification was based on high-resolution satel-
lite images (0.5 m) and field surveys. We acknowledge that 30 m resolution may smoothe
local topographic variation within relatively small historic cores. However, because the
study focuses on comparative valley-scale setting rather than micro-topographic modelling,
the data are adequate for the purposes of this analysis. Future research could use LiDAR or
UAV-derived DEMs for finer slope and elevation analysis within historic cores.

For space syntax analysis, the fundamental unit is the axial line—the longest straight
line of sight and movement through a street segment before a direction change is re-
quired [11]. Space syntax has been widely validated in historic urban studies, including
recent comparative analyses of Chinese historic towns from a heritage tourism perspective
and studies of pedestrian accessibility in world heritage cities [18,19]. The axial map,
consisting of the least set of such lines passing through each convex space of the settlement,
is treated as a topological graph with lines as nodes and intersections as edges. Axial
maps were drawn according to the “longest and fewest lines” principle and verified using
satellite images and field records. Three indicators were calculated: global integration
(HH), local integration (R = 3), and intelligibility (R?).
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Integration values were first calculated within the unified historic-core boundary of
each town. Because global integration is sensitive to system size and boundary definition,
we additionally report local integration at R = 3 and R = 5 and conducted boundary
sensitivity tests using three conditions: (1) historic core only; (2) core plus a 400 m contextual
buffer; and (3) core plus an 800 m contextual buffer.

For the two expanded conditions, all publicly accessible roads and lanes that were
historically connected to the internal street system of the historic core were included.
Modern peripheral highways, temporary construction roads, private access roads, and
roads that were not historically connected to the core street system were excluded. Axial
lines were redrawn for the expanded networks following the same “longest and fewest
lines” principle used for the core network.

Integration values were calculated within each expanded network. To avoid the direct
influence of network size on the summary statistics, the reported mean integration values
for the expanded networks are based only on the axial lines that correspond to the original
historic-core streets and lanes, rather than on all axial lines within the expanded network.
The total number of axial lines in each expanded network is also reported to document
the change in network size. This procedure ensures that the comparison focuses on how
the configurational position of the historic core changes when embedded in a larger urban
context, rather than on the average integration of the entire expanded network.

Absolute integration values are interpreted only in relative terms; the comparative
conclusions rely on the relative ranking and the convergence of local integration, intelli-
gibility, and buffer sensitivity results. The implications of this methodological choice are
further addressed in Section 4.6. The resulting core axial maps contain 76 lines for Hekou,
112 for Hongcheng, and 189 for Qingcheng. Modelling rules are summarised in Table 3,
and expanded-network values are reported in Table S3.

Table 3. Space syntax modelling rules.

Modelling Item Rule Used in This Study

Research boundary Unified historic-core boundary
Included roads Publicly accessible historic streets and lanes
Excluded roads modern peripheral toad,temporory tourisroute
Dead-end lanes Retained

Included only when historically connected to the

Riverbank roads .
internal street system

Axial-line drawing rule Longest and fewest lines principle
Software Depthmap X 0.8.0
Global indicator Global integration
Local indicator Local integration, R=3,R=5
Legibility indicator Intelligibility, measured by R?
Model verification Satellite images and field-survey records

For building-fabric analysis, shop-front with rear-residence proportion was calculated
among street-front buildings. Wall thickness was measured through field surveys. Street
aspect ratio (H/W) was calculated as mean building height divided by mean street width
along representative continuous street sections of at least 30 m, excluding intersections.
A lower H/W value indicates a wider and more open street, whereas a higher H/W value
indicates a narrower and more enclosed street. Public-space analysis focused on core
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public nodes—temples, ancestral halls, academies, wharfs, towers, gates, squares, and
historically significant spaces—defined as public or semi-public spaces with historical,
social, or symbolic significance remaining identifiable in the current spatial structure.

2.5. Public-Space Analysis

Public-space analysis focuses on core public nodes, including temples, ancestral halls,
academies, wharfs, towers, gates, squares, and historically important activity spaces. A core
public node is defined as a public or semi-public space that has historical, social, religious,
commercial, educational, or symbolic significance and remains identifiable in the current
spatial structure.

Nodes were classified using a six-criteria scoring system (Table 4). Each criterion
was scored from 0 to 2, giving a total score of 0-12. Nodes scoring >8 were classified as
primary nodes; nodes scoring 5-7 were classified as secondary nodes; nodes scoring below
5 were not included in the core public-node analysis. In this study, the term “core public
nodes” refers to all nodes scoring >5, i.e., the combined set of primary and secondary
nodes. The classification was cross-checked by two researchers, and disagreements were
resolved through field verification.

Table 4. Classification criteria for primary and secondary public nodes.

Dimension Definition Score 0 Score 1 Score 2 Data Source
Explicitly
Historical Documented role Mentioned in documfented mn Local Chron'lcles,
. . . Not documented chronicles or conservation
importance in town history local records .
conservation reports
plans
. .. .. Heritage
Heritage Official Provincial-level . ;
. . . None County-level registration
designation protection level or above
documents
Area of node or Satellite images
Spatial scale associated open <100 m? 100-500 m? >500 m? ! 5eS/
field survey
space
Approximate GIS buffer
Service range catchment within <150 m 150-300 m >300 m analysis, field
the historic core observation
Relationship Pr9x1m1ty o the o Directly on main Axial map
. . . primary historic Not connected Near main axis .
with main axis . axis overlay
axis
. Number of Historical
Functional . . . . Three or more .
. . historical or One function Two functions . records, field
diversity . . functions .
social functions observation

Service radius was calculated using GIS multi-ring buffer analysis at 50 m intervals. All
core public nodes (score > 5) were digitised as point features representing the centre of the
associated public space; for square-like open spaces, the point was placed at the geometric
centre of the open area. Buffers were generated from these point features. For each town,
buffers were generated around all core public nodes. The union of all buffers was used to
calculate the proportion of the historic-core area covered. The system-level effective service
radius was defined as the first 50 m increment at which the union of all core-node buffers
covered >50% of the historic-core area. Overlapping buffers were counted only once in the
union calculation. Individual node service radii were also recorded at 50 m, 100 m, 150 m,
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200 m, and 250 m for comparison. The node-level scores and inclusion list are provided in
Table S1, and cumulative coverage at each 50 m increment is reported in Table S2.

The 50% coverage threshold was adopted as a pragmatic criterion to identify the
distance at which a majority of the historic-core area is served by the public-node system.
Because the three historic cores differ in size, the absolute radius values are interpreted com-
paratively rather than as universal standards. This threshold is consistent with pedestrian
catchment approaches used in comparable historic urban studies [31], but we acknowl-
edge that it is a heuristic choice. Alternative thresholds (e.g., 40% or 60%) would shift
the absolute radius values, although the relative ranking of the three towns is likely to
remain stable. The reported effective radius is the first 50 m increment at which cumulative
coverage reaches 50%; cumulative coverage values are provided in Table S2.

2.6. Comparative Analysis and Translation to Sustainability-Oriented Management

After the above indicators are calculated, the three towns are compared across four
analytical dimensions. The comparison first identifies shared spatial characteristics related
to valley constraints—river proximity, low-slope construction land, axis-led organisation,
public-space agglomeration—and then examines differentiated morphological patterns as-
sociated with historical functional orientations. The final step translated into sustainability-
oriented spatial management implications: high-integration axes as priority corridors for
historic street protection; street aspect ratios for building-height and street-interface control;
courtyard proportion and building density for fabric conservation; public-node service
radius for public-space management units; and distance-to-water and mountain-water
relationships for waterfront landscape and flood-risk-sensitive conservation.

This four-step workflow—from environmental baseline through functional inter-
pretation to morphological measurement and conservation translation—constitutes the
study’s core methodological contribution. Unlike single-case morphological descriptions
or purely configurational analyses that stop at spatial diagnosis [18,19], our framework
explicitly links spatial indicators to planning actions, offering a replicable protocol for
conservation-oriented morphological analysis of valley-type historic towns in other re-
gions. Through this workflow, the study links spatial morphology analysis with practical
conservation planning.

3. Results
3.1. Shared Valley-Adaptive Setting: Near-Water and Low-Slope Location

The GIS analysis shows that Qingcheng, Hekou, and Hongcheng share a common
valley-adaptive spatial environment. Although the three towns are located in different
river reaches and have distinct historical functions, their historic-core areas are all closely
associated with river systems, terrace landforms, and low-slope construction land. This
indicates that valley topography provides an important natural foundation for their spatial
development (Figure 3a—Figure 3¢, for Qingcheng, Hekou, and Hongcheng respectively),
which is consistent with all three towns being situated within valley- or terrace-based
geomorphological settings.

In terms of elevation, the three towns are distributed on river terraces or valley plains
within the upper Yellow River Basin and its tributary system. Qingcheng is located on the
alluvial plain of the Yellow River, with an elevation range of approximately 1429-1734 m
(Figure 4a). Hekou is situated at the confluence area of the Yellow River, the Zhuanglang
River, and related tributaries, with an elevation range of approximately 1551-1881 m
(Figure 4b). Hongcheng is located along the Zhuanglang River valley, with an elevation
range of approximately 1774-2042 m (Figure 4c). Although their absolute elevations differ,
all three towns are located on relatively gentle terrain within valley environments rather
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than on steep mountain slopes. However, this study does not analyse flood levels, historical
inundation, channel change, or floodplain extent, and therefore cannot conclude that these
locations are flood-safe or were intentionally selected above flood-risk areas.
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Figure 4. Elevation ranges and topographic settings of the three historic towns: (a) Qingcheng on the
alluvial plain of the Yellow River; (b) Hekou at the confluence of three rivers; (c) Hongcheng along
the Zhuanglang River valley.

Slope analysis further confirms this commonality. Qingcheng’s historic core is mainly
located on flat alluvial land with slopes generally below 2° (Figure 5a). Hekou is also
dominated by gentle terrace land within its core area, while the surrounding mountains
form a natural spatial boundary (Figure 5b). Hongcheng is distributed along a slightly
steeper valley basin, with most of its historic construction land located on gentle slopes of
approximately 2-8° (Figure 5c). These results show that all three towns selected relatively
flat or gently sloping land for construction, reflecting a shared preference for stable and
buildable valley terraces.

The aspect analysis shows some differences among the three towns, but these differ-
ences are mainly related to local valley orientation. Qingcheng has a relatively diverse
aspect distribution because of its broad alluvial plain (Figure 6a). Hekou is more strongly
associated with southeast- and south-facing slopes (Figure 6b), while Hongcheng is mainly
related to southwest- and west-facing valley slopes. Despite these differences (Figure 6c¢),
the three towns generally avoid unfavourable steep terrain and make use of relatively
suitable orientations for settlement development.
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Figure 5. Slope characteristics of the three historic towns: (a) Qingcheng (mostly <2°); (b) Hekou
(£2° on terraces, 15-25° on surrounding hills); (¢) Hongcheng (2-8° on core area, 15-25° on both
sides as defensive barriers).
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Figure 6. Aspect distributions of the three historic towns: (a) Qingcheng (diverse aspects, dominated
by flat land and sunny slopes); (b) Hekou (southeast- and south-facing slopes); (c) Hongcheng
(southwest- and west-facing slopes).

Distance-to-water analysis shows that all three towns maintain a close relationship
with nearby water systems. Qingcheng is approximately 379.89 m from the nearest water
body (Figure 7a), Hekou is approximately 71.93 m from the nearest water body (Figure 7b),
and Hongcheng is approximately 164.10 m from the Zhuanglang River (Figure 7c). Hekou
has the shortest distance to water, which is consistent with its historical role as a river-port
and commercial transportation hub. Qingcheng and Hongcheng are also located within
accessible distance to water systems, but their settlement positions are consistent with a
balance between water access and other locational factors, but flood avoidance cannot be
confirmed without hydrological and historical flood data.
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Figure 7. Distance to the nearest water body in the three historic towns: (a) Qingcheng (379.89 m);
(b) Hekou (71.93 m); (c) Hongcheng (164.1 m).
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Overall, the three towns share common valley-adaptive characteristics, including
near-water location, low-slope construction land, and spatial extension along river valleys
or terrace landforms (Table 5). These shared features provide the natural basis for later
differences in street networks, building fabric, and public-space organisation.

Table 5. Comparison of mountain-water pattern indicators of the three towns.

Indicator Qingcheng Hekou Hongcheng
Elevation range/m 1429-1734 1551-1881 1774-2042
Dominant slope of <20 <20 9 8o

historic core

Southeast- and

Flat land and south-facing

sunny slopes

Southwest- and

Dominant aspect .
west-facing slopes

slopes
Length-width ratio of
historic core (main axis approx. 3.2:1 approx. 1.8:1 approx. 4.5:1
length/core width)
Distance to nearest 379.89 71.93 164.10
water body/m
Landform settin Yellow River River-confluence ~ Zhuanglang River
& alluvial plain terrace valley basin
Spatial extension Along the Yellow . Around the Along the.
tendency River terrace river-confluence ~ Zhuanglang River
core valley

Note: Length—width ratio is calculated as the length of the main historical axis divided by the
maximum width of the historic core perpendicular to that axis, based on the unified research boundary.
This ratio serves as a supplementary indicator of valley-induced elongation.

3.2. Differentiated Street-Network Morphology Under Historical Functions

Space syntax analysis reveals clear differences in the street-network morphology of
the three towns. Although all three towns show axis-led organisation to some extent, their
levels of integration, intelligibility, and street-network openness differ markedly.

Qingcheng presents a single-axis structure centred on Tiaocheng Street. The mean
global integration value is 0.425, which is the lowest among the three towns. The highest in-
tegration is concentrated along the main street, while many secondary lanes are connected
in a relatively subordinate manner (Figure 8a). This indicates that Qingcheng’s spatial struc-
ture is strongly organised by one dominant historical axis rather than by a multi-centred
grid. Its intelligibility value is 0.490 (Figure 9a), suggesting that the relationship between
local spatial experience and the overall street-network structure is moderate to weak. This
pattern is consistent with Qingcheng’s historical transformation from a military settlement
to a commercial and cultural town: the original axial skeleton remained important, while
later commercial and residential functions accumulated along and around it.

Hekou shows the most open and legible street-network structure among the three
towns (Figure 8b). Its mean global integration value reaches 0.847, and its intelligibility
value is 0.900 (Figure 9b). High-integration axial lines are concentrated around the central
street intersection and extend along the main commercial streets. This indicates that
Hekou'’s street network has strong accessibility and a clear spatial structure. The high
integration and high intelligibility are consistent with its historical role as a commercial and
transportation hub, where circulation efficiency, public accessibility, and central gathering
spaces were important.
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Figure 8. Global integration (Integration [HH]) maps of the three towns: (a) Qingcheng, (b) Hekou,
(c) Hongcheng. Red lines indicate high integration, blue lines low integration. Qingcheng shows a
single high-integration axis (Tiaocheng St); Hekou exhibits four high-integration axes intersecting at
the centre; Hongcheng displays a chessboard pattern with moderate integration.

(b) ()

Figure 9. Intelligibility scatterplots of the three towns: (a) Qingcheng (R? = 0.490), (b) Hekou
(R? =0.900), (c) Hongcheng (R? = 0.556). Each dot represents an axial line. The fitted regres-
sion line and coefficient of determination (R?) indicate how well local integration (R = 3) predicts
global integration.

Hongcheng presents a relatively regular but more defensive street-network structure
(Figure 8c¢). Its mean global integration value is 0.747, higher than Qingcheng but lower
than Hekou. Its intelligibility value is 0.556 (Figure 9c), suggesting that although the town
has a relatively regular street framework, the global structure is not as easily inferred from
local spatial experience as in Hekou. The street network is associated with a chessboard-
like defensive layout and a clear main axis, while narrower streets, controlled access, and
defensive remains reinforce its inward-oriented character.

The comparison shows that Hekou has the strongest network openness and legibil-
ity, Hongcheng retains a more defensive and inward-oriented structure, and Qingcheng
presents a single-axis composite structure formed through historical functional layering.
These differences indicate that, under broadly similar valley constraints, street-network
morphology is associated with different historical functional orientations (Table 6). To
assess the robustness of this association, boundary sensitivity tests were conducted. Hekou
consistently ranks first in network integration under core, 400 m, and 800 m boundary con-
ditions. Under core and 400 m conditions, the ranking is Hekou > Hongcheng > Qingcheng;
under the 800 m buffer, it becomes Hekou > Qingcheng > Hongcheng. However, because
absolute integration values are sensitive to network size and boundary definition, this
ranking consistency should not be interpreted as proof of robustness. The relative positions
of Qingcheng and Hongcheng change under the 800 m buffer, indicating that their compar-
ative openness is boundary-sensitive. Cross-town comparison therefore relies primarily on
the convergence of global integration, local integration, intelligibility, and boundary sensi-
tivity results, rather than on a single ranking. Overall, the results support an association
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between street-network morphology and historical functional orientation, but the internal
ranking of the three towns should be treated as exploratory rather than definitive.

Table 6. Boundary sensitivity of space syntax indicators in the three towns.

Boundary

Condition Indicator Qingcheng Hekou Hongcheng
Core boundary Total nu?r‘:):sr of axial 189 76 112
Core boundary  Mean global integration 0.425 0.847 0.747
Coreboundary V€A™ locﬁl_“;tegrahon' 1.038 1217 1.216
Core boundary Intelligibility, R? 0.490 0.900 0.556
Core boundary Rank 3 1 2

Total axial lines in
400 m buffer expanded network 264 114 163
400 m buffer Core axial lines used for 189 76 112
summary
Mean global integration
400 m buffer (core lines) 0.371 0.774 0.662
400 mbuffer ~ Meanlocalintegration, 4 5 1193 1188
R =3 (core lines)

PR I B 2

400 m buffer  Intelligibility R (core 4 44y 0872 0514
lines)
400 m buffer Rank 3 1 2
Total axial lines in
800 m buffer expanded network 347 157 208
800 m buffer Core axial lines used for 189 76 112
summary
Mean global integration
800 m buffer (core lines) 0.578 0.721 0.336
800 m buffer  Vieanlocalintegration, —, ¢ 1166 1142
R =3 (core lines)

PR P B 2

800 m buffer ~ [ntelligibility R (core - 547 0.844 0.463

lines)

Note: In the 400 m and 800 m buffer conditions, axial lines were redrawn for the expanded network.
Integration values were calculated within the expanded network, but summary statistics are based
only on the axial lines corresponding to the original historic-core streets and lanes. The total number
of axial lines in the expanded network is reported to document the change in network size. Rank
1 = highest integration/openness, Rank 3 = lowest. Absolute integration values are not directly
compared across towns.

3.3. Building Fabric: Commercial Openness, Defensive Enclosure and Courtyard Continuity

Building-fabric indicators further reveal differences among the three towns. The com-
parison focuses on building density, courtyard proportion, shop-front with rear-residence
proportion, wall thickness, and street aspect ratio. Among these indicators, shop-front with
rear-residence proportion, wall thickness, and street aspect ratio are especially useful for
distinguishing commercial, defensive, and mixed morphological characteristics (Figure 10).
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All three indicators are calculated within the unified research boundaries of the historic core areas of the three towns to ensure comparability.

Figure 10. Comparative analysis of building-fabric indicators in Qingcheng, Hekou, and Hongcheng;:
(a) shop-front with rear-residence proportion; (b) typical wall thickness; and (c) street aspect ratio.

The proportion of shop-front with rear-residence buildings differs among the three
towns. These proportions are calculated as the number of shop-front with rear-residence
buildings divided by the total number of street-front building units along historic streets
within the unified core boundary. The results are: Qingcheng 31/142 (approximately
22%), Hekou 41/117 (approximately 35%), and Hongcheng 16/131 (approximately 12%).
Hekou has the highest proportion, indicating a strong commercial frontage along its main
streets. Qingcheng has a moderate proportion, mainly distributed along Tiaocheng Street.
Hongcheng has the lowest proportion, suggesting that commercial activity was more
limited and did not dominate its building frontage.

Wall thickness also differs among the three towns. Hongcheng’s traditional build-
ings generally have thicker rammed-earth walls (n = 41, mean = 0.71 m, SD = 0.057,
range = 0.6-0.8 m), while Qingcheng (n = 47, mean = 0.45 m, SD = 0.041, range = 0.4-0.5 m)
and Hekou (n = 39, mean = 0.44 m, SD = 0.038, range = 0.4-0.5 m) show lighter and more
commercially adaptable building interfaces. The thicker walls in Hongcheng are consistent
with its defensive background and more enclosed building character. Wall thickness was
measured at three points per building at 1.0-1.5 m above the plinth, avoiding door and win-
dow openings; the mean of the three measurements was used. Measurement uncertainty
is &1 cm.

Street aspect ratio (H/W) further reflects differences in street enclosure and functional
character. It was calculated as mean building height divided by mean street width along
representative continuous street sections of at least 30 m, excluding intersections. A lower
H/W indicates a wider and more open street, while a higher H/W indicates a narrower and
more enclosed street. Hekou has the lowest mean H/W (n = 22, mean = 0.71, SD = 0.10,
range = 0.60-0.82), indicating relatively wider streets and a more open commercial environ-
ment. Qingcheng has a medium value (1 =29, mean = 0.83, SD = 0.11, range = 0.70-0.96), re-
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flecting a more compact but still commercially active main street environment. Hongcheng
has the highest value (n = 24, mean = 0.95, SD = 0.03, range = 0.90-1.00), indicating nar-
rower and more enclosed streets, which correspond to its defensive and inward-oriented
spatial character.

To assess the statistical uncertainty of the reported building-fabric indicators, we
calculated 95% confidence intervals for street aspect ratio (H/W). The intervals are 0.79-0.87
for Qingcheng, 0.67-0.75 for Hekou, and 0.94-0.96 for Hongcheng. These intervals indicate
that the observed differences among the three towns are descriptively clear. Because the
building-fabric indicators are based on purposive samples rather than random sampling,
these intervals provide an indication of precision rather than formal statistical significance.
The shop-front with rear-residence proportions are reported with explicit denominators
(142, 117, and 131 street-front building units), and wall thickness is reported with sam-
ple sizes (47, 39, and 41) and standard deviations. Together, these measures provide a
transparent basis for comparing the three towns.

The results suggest that Hekou’s building fabric is more commercially open,
Hongcheng’s fabric is more defensive and enclosed, and Qingcheng presents a mixed
condition in which commercial frontage, courtyard fabric, and historical layering coexist.
These differences provide material evidence for the differentiated spatial morphology of
the three towns (Table 7).

Table 7. Comparison of building-fabric indicators of the three towns.

Indicator Qingcheng Hekou Hongcheng
Shop-front with

rear-residence 22(31/142) 35(41/117) 12(16/131)
proportion/%

Tvpical wall 0.45 (n =47, 0.44 (n =39, 0.71 (n =41,

AT m SD = 0.041, SD = 0.038, SD = 0.057,

range = 0.4-0.5) range = 0.4-0.5) range = 0.6-0.8)
0.83 (n =29, 0.71 (n =22, 0.95 (n =24,
Street aspect ratio SD =0.11, SD =0.10, SD = 0.03,
(H/W) range = 0.70-0.96; range = 0.60-0.82; range = 0.90-1.00;

95% CI: 0.79-0.87) 95% CI: 0.67-0.75) 95% CI: 0.94-0.96)

Note: Shop-front with rear-residence proportion is calculated as the number of such buildings
divided by the total number of street-front building units along historic streets within the unified
core boundary. Wall thickness was measured at three points per building at 1.0-1.5 m above the
plinth; uncertainty is =1 cm. H/W = mean building height/mean street width; lower values indicate
wider and more open streets, higher values indicate narrower and more enclosed streets. Samples
correspond to continuous street sections of at least 30 m. The 95% confidence intervals are reported
for street aspect ratio (H/W). Because samples are purposive rather than random, these intervals
indicate precision rather than formal statistical significance.

3.4. Public Space: Node Aggregation and Functional Layering

Public-space organisation also differs among the three towns. Public nodes such
as temples, academies, ancestral halls, wharfs, towers, gates, squares, and commercial
gathering spaces are important carriers of collective activities and historical functions. Their
number, functional type, spatial distribution, and relationship with main streets help reveal
how public life was organised in each town (Figure 11).
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Figure 11. Spatial distribution of core public nodes in the three towns: (a) Qingcheng, (b) Hekou,
(c) Hongcheng. Red nodes indicate primary public nodes (e.g., central squares, major temples,
ancestral halls, key commercial streets), and yellow nodes indicate secondary public nodes (e.g.,
smaller squares, neighbourhood shrines, minor commercial nodes).

Qingcheng has two primary public nodes and six secondary public nodes, giving a
total of eight core public nodes (score > 5) included in the buffer analysis. These nodes
cover functions such as military memory, commerce, kinship, education, folk belief, and
local public activities. These nodes are mainly connected by Tiaocheng Street, forming
a linear series of public spaces along the main historical axis. The system-level effective
service radius—defined as the first 50 m increment at which the union of all core-node
buffers covered >50% of the historic-core area—is 150 m, with a buffer union coverage of
58.2%. This indicates that Qingcheng’s public-space organisation is closely related to its
historical transformation and functional layering.

Hekou has six primary public nodes and five secondary public nodes, giving a total
of eleven core public nodes (score > 5) included in the buffer analysis. Its public space
is more strongly associated with commercial gathering and transportation. Its central
public node is organised around the Bell and Drum Tower area and related commercial
streets. Public activities are concentrated near the core intersection, where circulation,
trade, and gathering functions overlap. The system-level effective service radius—defined
as the first 50 m increment at which the union of all core-node buffers covered >50% of
the historic-core area—is 100 m, with a buffer union coverage of 52.8%. Compared with
Qingcheng, Hekou'’s public-space system is more commercially oriented and more strongly
centred on the main street intersection.

Hongcheng has three primary public nodes and three secondary public nodes, giving
a total of six core public nodes (score > 5) included in the buffer analysis. Its public
space is more closely related to military-defensive and ritual functions. Nodes such as the
ancient city wall area, defensive-related spaces, temples, and small squares form a more
inward-oriented public-space system. The system-level effective service radius—defined
as the first 50 m increment at which the union of all core-node buffers covered >50% of the
historic-core area—is 150 m, with a buffer union coverage of 51.5%. This reflects a relatively
compact and enclosed pattern of public activities.

The comparison shows that Qingcheng has a more diverse and layered public-space
system, Hekou has a more commercially centralised public-space structure, and Hongcheng
has a more defensive and inward-oriented public-space organisation. These differences
correspond to the historical functional orientations of the three towns and further support
the need for differentiated conservation strategies (Table 8). The node-level scores and
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inclusion list are provided in Table S1, and cumulative coverage at each 50 m increment is
reported in Table S2.

Table 8. Comparative public-space indicators of the three towns.

Indicator Qingcheng Hekou Hongcheng
Number of primary nodes 5 6 3
(score > 8)
Number of secondary nodes
6 5 3
(score 5-7)
Number of core public nodes
. 8 11 6
(score > 5; primary + secondary)
Effective service radius
(first > 50% coverage)/m 150 100 150
Buffer union coverage at effective 58.2 578 515

radius/ %

Note: Core public nodes are defined as all nodes scoring > 5 in the six-criteria system, i.e., primary
nodes (score > 8) plus secondary nodes (score 5-7). Buffers were generated from point features
representing the centre of each core public node. The effective service radius is the first 50 m increment
at which the union of all core-node buffers covers > 50% of the historic-core area. Cumulative
coverage at each 50 m increment is provided in Table S2.

3.5. Integrated Comparison of Spatial Morphology

Taken together, the results in Sections 3.1-3.4 show that Qingcheng, Hekou, and
Hongcheng share a common valley-adaptive baseline but differ in street-network con-
figuration, building fabric, and public-space organisation. Their shared characteristics
include near-water locations on relatively gentle terrain, low-slope terrace occupation, and
axis-led spatial organisation. Their differences are reflected in the degree of street-network
openness, commercial frontage, defensive enclosure, and public-space functional diversity.
These similarities and differences are summarised in Table 9. Rather than restating the
detailed characteristics of each town here, the following discussion (Section 4) interprets
these measured differences in relation to historical functional orientations and considers
their implications for conservation planning.

Table 9. Integrated comparison of spatial morphology of the three towns.

Shared Valley H1st0.r ical Street-Network  Building-Fabric Public-Space
Town o Functional Lo,
Condition . . Morphology Character Organisation
Orientation
River terrace, Military— . . Mlxed. . .
. Single-axis commercial- Linear series of
. near-water commercial : . . . . .
Qingcheng . . structure with ~ residential fabric ~ diverse public
location, mixed and
. secondary lanes and courtyard nodes
low-slope land  cultural layering .
continuity
River-confluen . . . .
ver-conftuence Open and legible High commercial Commercial
terrace, . .
Commercial street network frontage and gathering
Hekou near-water . .
location transportation with central open street around central
low-slope land aggregation interface node
Trlbutary valley Defenswe. Thick walls, .Defenswe aru.:l
basin, near-water . chessboard-like . ritual nodes with
Hongcheng . Military defence . higher enclosure, .
location, structure with compact service

gentle-slope land

inward tendency

narrower streets

radius
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In summary, the three towns demonstrate both commonality and differentiation. Their
commonality lies in valley-adaptive site selection and axis-led spatial organisation under
similar natural constraints. Their differentiation lies in how historical functional orienta-
tions are reflected in street-network accessibility, building-fabric openness or enclosure,
and public-space organisation. These findings provide the empirical basis for the follow-
ing discussion on spatial formation mechanisms and conservation planning implications
(Table 9).

4. Discussion
4.1. Common Spatial Characteristics Under Valley Constraints

The results suggest that Qingcheng, Hekou, and Hongcheng share a common valley-
adaptive spatial logic. All three towns are sited near water and on relatively gentle terrain.
The available evidence supports near-water and low-slope location, but not the stronger
conclusion of flood safety. Flood levels, historical inundation, and channel change were not
analysed. Hekou has the closest river proximity (71.93 m), consistent with its historical role
as a commercial port, while Qingcheng and Hongcheng maintain slightly greater distances
(379.89 m and 164.10 m, respectively), consistent with a balance between water access and
other locational factors, but flood avoidance cannot be confirmed without hydrological and
historical flood data. This pattern aligns with broader findings on traditional settlement
distribution in the Yellow River Basin, where elevation, slope, and river proximity consis-
tently emerge as dominant determinants of settlement location [32-36]. Similar topographic
determinism has also been observed in other contexts—in computational space syntax
studies of Chinese historic towns more broadly, and in comparative analyses of historic
city centres in other topographically constrained settings [13,18]. The preference for low-
slope construction land—Qingcheng and Hekou on near-level terraces (<2°), Hongcheng
on gentle slopes (2-8°)—is consistent with valley-type towns selecting relatively stable,
buildable land and avoiding steep slopes. However, flood risk was not directly assessed.
This shared environmental baseline is consistent with the basic logic of valley settlement:
construction land tends to be close to water and transport routes, and on relatively stable
terrain. However, flood safety cannot be inferred from elevation, slope, and distance-to-
water alone. The characterisation of valley-type settlements as a distinct morphological
category is consistent with broader typologies of human settlements that distinguish valley,
plain, hilly, and arid regions based on their adaptive spatial logics [27].

4.2. Historical Functional Orientation and Morphological Differentiation

As summarised in Table 9, the three towns share a common valley-adaptive baseline
but differ markedly in street-network configuration, building fabric, and public-space
organisation. These measured differences are associated with their respective historical
functional orientations. In this section, we interpret these associations through space syntax
theory and urban morphological frameworks, rather than restating the measured results
already reported in Section 3.

Hekou's higher network integration and intelligibility are consistent with a commercial
logic that prioritises circulation efficiency and public accessibility. According to natural
movement theory, such configurational properties are expected to support pedestrian
flow and commercial activity [10,11], although these behavioural and economic outcomes
were not directly measured in this study. Hongcheng’s lower intelligibility and stronger
enclosure are consistent with a defensive logic that prioritises controlled access and inward
orientation. Qingcheng’s single-axis structure with diverse public nodes is consistent
with a layered functional history, in which military, commercial, kinship, educational, and
cultural functions accumulated over time. These interpretations are theoretically grounded
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but should be treated as interpretive rather than causal, given the synchronic design of
the study.

The configurational contrasts observed here extend recent comparative space syntax
work by suggesting that intelligibility may vary systematically with historical functional
orientation [18]. They also resonate with Conzen’s observation that town-plan units often
persist through functional changes while adapting their internal configurations [1], and
with Kropf’s framework for interpreting urban form as the material expression of socio-
economic processes [5]. At the same time, quantitative indicators should not be interpreted
mechanically: higher integration does not automatically mean greater historical value,
and lower intelligibility does not necessarily indicate a problematic spatial structure. In
Hongcheng, lower intelligibility reflects a defensive spatial logic; in Qingcheng, lower
mean integration reflects the persistence of a single-axis historical skeleton [37,38].

These theoretical interpretations provide the basis for the planning implications dis-
cussed in Section 4.3. They are offered as hypotheses to be tested through future be-
havioural, social, and diachronic research, rather than as demonstrated outcomes of the
present study.

4.3. From Morphological Indicators to Sustainability-Oriented Spatial Management

The morphological indicators used in this study are proxies for spatial conditions,
not direct measures of environmental, social, or economic sustainability outcomes. To
clarify how they could translate into measurable outcomes, Table 10 maps each indicator
to potential sustainability dimensions, measurable variables, and required data. For ex-
ample, high-integration axes may support pedestrian movement and commercial activity,
measurable through pedestrian counts, retail turnover, or vacancy rates. Street aspect ratio
and building fabric may influence thermal comfort, energy performance, and sense of
place, assessable through microclimate simulations, energy audits, or resident surveys.
Public-node service radius may relate to social interaction and accessibility, measurable
through visitor surveys, activity mapping, or service usage data. However, these outcomes
were not directly measured in this study.

Table 10. Linking morphological indicators to measurable sustainability outcomes.

Potential

Morphological Sustainability Required
Indicator Dimension Measurable Data/Method
Outcome
. Pedestrian flow, Pedes'tnan counts,
High global retail turnover,

integration axes

Economic; Social

retail vitality, social
encounter

vacancy rates,

activity mapping
Local integration Social Wayﬁndir}g, visitor VCI;S]itSOI suiYeys,
and intelligibility ocia eXperience, > tracking,
accessibility wayfinding tests
Thermal comfort, Microclimate
Street aspect ratio Environmental; energy simulation, energy
(H/W) Social performance, audits, resident
perceived enclosure surveys
Commercial
Shop-front with diversity, Land-use surveys,
rear-residence Economic; Social mixed-use vitality,  rent data, business
proportion affordable retail mix analysis
space
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Table 10. Cont.

Morphological Sustainability I\fe (;t:;‘:;la)lle Required
Indicator Dimension Data/Method
Outcome
Building
Thermal inertia, performance
Wall thickness and Environmental; heritage modelling, heritage
defensive remains Cultural authenticity, condition
cultural identity assessment,

resident interviews

Social interaction,

Public-node . Activity mapping,
. community .
number and Social . visitor surveys,
. cohesion, cultural
function L event frequency
participation
Hydrological
. Flood exposure, ydro oslca
Distance to water . modelling,
. Environmental; waterfront . .
and river-town . s flood-risk mapping,
. . Social accessibility, .
relationship : . ecological
ecological quality
assessment

Note: this table is illustrative. The present study does not directly measure these outcomes; the links
are theory-based planning hypotheses requiring future empirical validation.

The measured morphological differences reported in Section 3 and interpreted in
Section 4.2 therefore provide the basis for the planning implications discussed here. These
implications are offered as theory-based planning hypotheses rather than demonstrated
sustainability outcomes. Their validation would require future behavioural, social, and
economic assessment.

According to space syntax theory, high-integration axes may be expected to support
pedestrian movement and social encounter [10,11]. However, this study did not directly
measure pedestrian movement, commercial activity, or social encounter. On this theoretical
basis, high-integration axes are identified as priority corridors for conservation planning,
subject to future behavioural and social assessment. In Qingcheng, Tiaocheng Street is the
main spatial skeleton connecting diverse public nodes; in Hekou, the highly integrated
streets around the central intersection form the core of the town’s historic commercial fabric;
in Hongcheng, the main defensive axis and associated historical remains form a military-
spatial sequence. These interpretations are based on morphological and configurational
evidence and historical documents, not on direct observation of current use.

Street aspect ratio, as a proxy for perceived enclosure and human-scale experience,
provides a basis for street-scale control. Differences in aspect ratio across the three towns
suggest that spatial management should avoid applying a single standard. Building-fabric
indicators, including wall thickness and the proportion of shop-front with rear-residence
buildings, reflect the material conditions within which residents conduct their daily lives
and businesses. These indicators help identify historic commercial corridors and areas
where traditional fabric remains intact, and they support conservation by guiding frontage
management and controlling large-scale demolition or inappropriate facade reconstruction.
Public-node distribution and service radius inform public-space management: linear public-
space systems require pedestrian continuity, central commercial gathering areas require
focused attention, and compact defensive and ritual nodes should be managed as integrated
public-space units. Mountain—water relationships inform waterfront landscape and flood-
risk-sensitive conservation, helping to maintain historical visual corridors and avoid hard
engineering that disconnects the town from its water environment. However, flood risk
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was not directly assessed in this study, and flood-risk control zones require separate
hydrological assessment.

Through this translation, the analysis moves from spatial diagnosis to planning appli-
cation [15,39]. The results can help identify which streets, buildings, courtyards, nodes, and
waterfront areas should receive priority protection. They also show that different towns
require different conservation strategies, each derived from the specific morphological
logic summarised in Table 9, rather than following a one-size-fits-all template. These
strategies are evidence-based planning priorities derived from morphological analysis;
their sustainability outcomes require further validation through behavioural, social, and
economic assessment (Table 11).

Table 11. Translation from morphological indicators to sustainability-oriented spatial management
measures.

Identified Conservation
Challenge

Morphological

. Recommended Intervention
Indicator

Prioritise safeguarding main
historic streets, traditional
frontage, and pedestrian
continuity

High global integration  Loss of historic circulation
axes corridors

Improve wayfinding and

Local integration and
intelligibility

Poor wayfinding and
heritage interpretation

visitor circulation without
disrupting traditional street
networks

Inappropriate building

Control building height,

Street aspect ratio facade renovation, roofline,

and street-interface proportion

height and facade
renovation

Shop-front with
rear-residence
proportion

Safeguard traditional
commercial-residential
patterns

Excessive tourism-oriented
replacement

Safeguard representative
defensive buildings, walls,
gates, and details

Wall thickness and
defensive remains

Loss of defensive
construction character

Classify public nodes by
function and formulate
differentiated management
strategies

Public-node number Loss of collective activity
and function spaces

Safeguard river-related
heritage and visual corridors;
flood-risk control zones
require separate hydrological
assessment

Disconnection from
waterfront

Distance to water and
river-town relationship

4.4. Methodological Implications

The specific innovation of the proposed framework lies in its multi-level integration
and its translation of morphological indicators into conservation planning priorities, rather
than in the application of GIS or space syntax alone. This study demonstrates the appli-
cability of combining multiple forms of spatial evidence within a unified comparative
framework. While previous comparative space syntax studies have typically focused on
street-network configuration alone [18,19], our integration of building-fabric indicators
(wall thickness, shop-front proportion, aspect ratio) adds a material layer that bridges
configurational analysis and functional interpretation. GIS analysis reveals the environ-
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mental basis of settlement location; space syntax measures street-network configuration;
building-fabric indicators show material and functional differences; and public-space
analysis identifies collective activity structures. This integration moves beyond purely
descriptive comparison and provides transparent spatial evidence for conservation plan-
ning. However, quantitative indicators should not be interpreted mechanically. Higher
global integration does not automatically mean greater historical value, nor does lower
intelligibility necessarily indicate a problematic spatial structure—in Hongcheng, it reflects
defensive spatial logic; in Qingcheng, lower mean integration reflects the persistence of a
single-axis historical skeleton. Quantitative spatial analysis should therefore be used as a
tool for interpretation and planning support, combined with field surveys, historical docu-
ments, and sustainability objectives. This integrated approach is particularly important
for historic towns, where spatial value is embedded in long-term continuity, everyday use,
and cultural memory. The growing integration of GIS with HUL frameworks for layered
urban analysis [20,21] and the application of space syntax to heritage contexts both point
toward a more evidence-based, configurational approach to historic urban sustainability—
an approach that the present study contributes to by adding building-fabric indicators as a
third analytical layer. Importantly, the specific numerical values reported here—integration,
intelligibility, aspect ratio, and service radius—are context-dependent. What is transferable
is the analytical framework: the integration of GIS-based environmental assessment, space
syntax configurational analysis, building-fabric measurement, and public-space mapping
within a comparative case-study design. This study demonstrates the applicability of the
framework, not its validated effectiveness. Independent evaluation through community en-
gagement, planning implementation, and post-occupancy assessment is needed to validate
its practical effectiveness in conservation planning.

4.5. Synthesis: A Comparative Picture of Valley-Type Morphology

Taken together, the analysis reveals a clear and consistent picture. Across the three
towns, a shared valley-adaptive logic is at work: all are sited near water and on relatively
gentle terrain. Flood risk was not directly assessed. This common baseline is consistent
with environmental constraint—mountains, rivers, and buildable land—rather than cul-
tural diffusion or historical contingency. Against this shared backdrop, the three towns
exhibit differentiated morphological patterns, as summarised in Table 9 and interpreted
in Section 4.2. These differences are associated with their respective historical functional
orientations. The two-level logic—environmental baseline plus functional differentiation—
suggests a refinement of Conzen’s [1] and Oliveira’s models of morphological persistence:
functional differentiation appears to operate within—and be constrained by—topographical
parameters. This two-level logic provides both a framework for interpreting other valley-
type historic towns and a basis for tailoring sustainability strategies to each town’s specific
morphological character. It invites cross-regional testing in other valley-settled contexts.

4.6. Limitations and Future Research

This study has several limitations that should be acknowledged.

First, the sample size is limited to three towns in the upper Yellow River Basin. The
three cases were selected to hold broad valley-environmental conditions relatively constant
while allowing historical functional orientation to vary. However, they differ substan-
tially in area, preservation status, and contemporary development pressure. Qingcheng
(0.945 km?) is roughly eight times larger than Hekou (0.113 km?), and its historic fabric is
more dispersed. Hekou has experienced stronger commercial and tourism pressure, while
Hongcheng retains more defensive remains and has lower redevelopment pressure. These
differences may influence configurational measures independently of historical function.
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Consequently, the observed morphological patterns should be interpreted as associations
consistent with functional differentiation, not as proof of functional determinism. The
specific numerical values—integration thresholds, aspect ratios, and service radii—are
context-dependent and should not be applied as universal standards without local cali-
bration. What is transferable is the analytical framework: the integration of GIS-based
environmental assessment, space syntax configurational analysis, and building-fabric
measurement within a comparative case-study design.

Second, the study relies primarily on the current spatial pattern and field-survey
data. Present-day spatial patterns are used to interpret historical functional orientations,
and those orientations are then used to explain morphological differences. This creates a
risk of circular reasoning. Although historical documents are used to interpret functional
orientation, we do not fully reconstruct the long-term morphological evolution of the three
towns through multi-temporal maps, historical aerial photographs, or remote-sensing data
from different periods. The study can demonstrate associations, but it cannot establish
that historical functions caused the observed morphological differences. Future research
should incorporate historical maps, diachronic morphological reconstruction, and archival
evidence of spatial change over time to test the proposed associations more rigorously.
Multi-temporal GIS analysis would be particularly valuable for examining how street
networks, building fabric, public spaces, and waterfront relationships have changed across
different historical periods.

Third, the study does not analyse flood levels, historical inundation, channel change,
floodplain extent, or elevation relative to the river surface. The results therefore support the
conclusion that the three towns are located near water bodies and predominantly occupy
relatively gentle terrain. They do not support the stronger conclusion that these settlements
are relatively elevated terrace locations or were intentionally located above flood-risk areas.
Future research should incorporate hydrological and historical flood data to assess flood
risk more directly.

Fourth, several indicators required further refinement, and we have addressed this.
Building-fabric measurements are based on a stratified purposive sample of 47 represen-
tative traditional buildings for detailed fabric analysis, supplemented by larger samples
for wall thickness (47 in Qingcheng, 39 in Hekou, and 41 in Hongcheng) and street aspect
ratio (29, 22, and 24 street sections, respectively). Shop-front with rear-residence propor-
tions are reported with explicit denominators (142, 117, and 131 street-front building units,
respectively). Wall thickness has a measurement uncertainty of £1 cm. Street aspect ratio
(H/W) is based on continuous street sections of at least 30 m and may not fully represent
the entire street network. Public nodes were classified using a six-criteria scoring system
(Table 4); while this improves transparency, the scoring inevitably involves qualitative
judgments, although classifications were cross-checked by two researchers and verified
in the field. Future research could expand the sample, apply more detailed building-use
surveys, and incorporate systematic social activity observations to improve the reliability
of functional interpretation. A further limitation concerns data availability and verification.
Original fine-scale GIS vector files (public-node point features and historic-core boundary
polygons) are held in internal project archives and are not publicly available due to con-
servation and data-sharing restrictions. The area and coverage values reported in Table
52 were calculated from these files in ArcGIS Pro 3.1. Precise geographic coordinates and
the full shapefile cannot be made publicly available, but the core area, intersected area,
and coverage percentage are provided for each town and each 50 m increment, which is
sufficient to verify the reported effective service radii.

Fifth, a further methodological limitation concerns the sensitivity of space syntax
measures to system size and boundary definition. As noted in Section 2.4, integration
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values were first calculated within the unified historic-core boundaries of each town. To
address the potential boundary effect, we additionally conducted sensitivity tests using a
400 m and an 800 m contextual buffer, and we report local integration at R=3 and R = 5.
As reported in Section 3.2, Hekou remains the most integrated network across all boundary
conditions, whereas the relative positions of Qingcheng and Hongcheng change under
the 800 m buffer. This boundary sensitivity is acknowledged, and conclusions regarding
the relative openness of these two towns are presented as tentative. Absolute integration
values should also be interpreted with caution, since they are known to be sensitive to
system size [31,40]. Future research could adopt a normalised integration measure that is
less dependent on system size, or apply a uniform contextual buffer across a larger set of
cases, to further improve cross-town comparability.

Sixth, the social perception and behavioural dimensions are not directly measured.
The study interprets integration and intelligibility in terms of movement and legibility
based on space syntax theory, and interprets enclosure and wall thickness as potential
indicators of cultural resilience. However, it does not directly examine commercial ac-
tivity, resident behaviour, visitor movement, social perception, or place attachment. The
sustainability implications discussed in Section 4.3 should therefore be understood as
theory-based planning hypotheses rather than demonstrated outcomes. Future research
could incorporate interviews, behavioural mapping, participatory mapping, GPS trajec-
tory analysis, or questionnaire surveys to examine how residents and visitors perceive
and use historic streets, courtyards, public nodes, and waterfront spaces. While we have
drawn on space syntax theory to interpret the behavioural implications of integration and
intelligibility (see Section 4.2), systematic empirical data on actual movement patterns and
user perceptions would strengthen future work. Similarly, environmental and economic
sustainability outcomes were not directly measured; future research should incorporate
microclimate simulation, energy audits, retail surveys, and hydrological modelling to
validate the proposed links.

Finally, the findings are derived from a synchronic analysis of only three cases, which
limits statistical extrapolation and prevents direct application as a universal model. Nev-
ertheless, this limitation does not undermine the validity of the framework; rather, it
constitutes a testable working hypothesis. Future research should incorporate addi-
tional cases from other sections of the Yellow River Basin, as well as from other river
systems such as the Yangtze, Mekong, or Danube, to test whether the proposed two-level
framework—environmental baseline plus functional differentiation—possesses trans-basin
theoretical generalisability or remains specific to the arid and semi-arid valley settings of
northwest China.

5. Conclusions

This study examined the spatial morphology of three valley-type historic towns in the
upper Yellow River Basin—Qingcheng, Hekou, and Hongcheng—through four analytical
dimensions: mountain—water pattern, street network, building fabric, and public space. By
integrating GIS analysis, space syntax, field surveys, and building-fabric measurements,
the study compared how towns located within similar valley environments share com-
mon spatial characteristics while developing differentiated morphological patterns under
different historical functional orientations.

The findings suggest two complementary layers of spatial logic. It is important to
emphasise that the sustainability implications discussed in Section 4.3 are theoretical and
have not been empirically verified in this study. The conclusions presented here focus
on the demonstrated morphological findings. At the environmental level, all three towns
share a valley-adaptive logic, including near-water locations on relatively gentle terrain
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and low-slope terrace construction. Flood risk, however, was not directly assessed. At
the functional level, the measured morphological differences reported in Section 3 and
interpreted in Section 4.2 are associated with different historical functional orientations.
These differences are summarised in Table 9 and are not repeated here.

These patterns suggest that valley-type morphology is not a single uniform category
but a family of related forms. Their shared features are consistent with environmental adap-
tation, while their differences are associated with different historical functional orientations.
Because the three cases are not matched on area, preservation status, or contemporary
development pressure, and because the analysis is synchronic, these findings are offered as
a testable working hypothesis rather than a causal conclusion. Future research with larger
samples and matched controls is needed to distinguish functional effects from other factors.

The study’s contributions are threefold. Methodologically, it demonstrates the ap-
plicability of integrating GIS-based environmental analysis, space syntax configurational
modelling, and building-fabric fieldwork within a unified comparative framework—an
approach replicable in other valley-settled regions. However, the practical effectiveness
of the framework for conservation planning has not been independently validated; future
research should evaluate its implementation through community engagement, planning
application, and post-occupancy assessment. Empirically, it provides detailed morpho-
logical evidence that can serve as reference benchmarks for comparative studies, while
recognising that these values are context-dependent. The transferable contribution is the
analytical framework itself. Practically, it translates morphological indicators into differen-
tiated planning priorities. These priorities are offered as evidence-based hypotheses for
conservation planning; their sustainability outcomes have not been empirically verified in
this study and require future behavioural, social, and economic assessment. These priorities
are summarised in Section 4.3 and are not repeated here.

While the spatial patterns observed are context-dependent, the analytical framework
and comparative logic are transferable to valley-type historic towns in other river basins—
from the Kathmandu Valley to the Rhine, Danube, or Mekong—where topography imposes
similar constraints and functional histories shape divergent outcomes. While the framework
is transferable, the specific sustainability benefits of the proposed strategies remain to be
tested in practice. The findings thus speak to both regional conservation practice and the
broader international discourse on sustainable heritage management in topographically
constrained settings.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/su181910137/s1. Due to the presence of commercially sensitive
and unpublished primary data, the supplementary files for this study are not publicly available. They
may be provided by the corresponding author upon reasonable request.

Author Contributions: Resources, supervision, project administration, X.Z.; conceptualisation,
methodology, software, data curation, writing—original draft preparation, writing—review and
editing, ].Z.; data curation, validation, visualisation, investigation, S.W.; data curation, validation,
Z.W. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study by
the Institution Committee due to the Measures for Ethical Review of Science and Technology (Trial),
issued on 7 September 2023, and effective from 1 December 2023, https://www.most.gov.cn/xxgk/
xinxifenlei/fdzdgknr/fgzc/gtxwj/gfxwij2023/202310/t20231008_188309.html (accessed on 1 August
2026). All interview data were anonymized, and no personally identifiable or sensitive information
was collected during the investigation.

https:/ /doi.org/10.3390/su181910137


https://www.mdpi.com/article/10.3390/su181910137/s1
https://www.mdpi.com/article/10.3390/su181910137/s1
https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gfxwj2023/202310/t20231008_188309.html
https://www.most.gov.cn/xxgk/xinxifenlei/fdzdgknr/fgzc/gfxwj/gfxwj2023/202310/t20231008_188309.html
https://doi.org/10.3390/su181910137

Sustainability 2026, 18, 10137 30 of 31

Informed Consent Statement: Verbal informed consent was obtained from all interview participants.
Participants were informed of the purpose of the study, the voluntary nature of participation, their
right to withdraw at any time, and the anonymised use of their responses for research purposes.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author due to the nature of field investigation records and unpublished local archival
materials. Interview data were anonymised, and no personal identifiers were recorded; these data are
not publicly available to protect participant privacy. Original fine-scale GIS vector files (public-node
point features and historic-core boundary polygons) are held in internal project archives and are
not publicly available due to conservation and data-sharing restrictions. The area and coverage
values reported in Table S2 were calculated from these files in ArcGIS Pro 3.1, and are provided in the
Supplementary Materials.

Acknowledgments: The authors would like to thank the students and library staff at Lanzhou
University, Lanzhou Jiaotong University, and Northwest Normal University, as well as the local
Cultural and Tourism Bureaus in Lanzhou City, Yuzhong County, and Yongdeng County for their
assistance and provision of archival materials.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

GIS  Geographic Information System
HUL Historic Urban Landscape

References

1.  Conzen, M.R.G. Alnwick, Northumberland: A Study in Town-Plan Analysis; Institute of British Geographers: London, UK, 1960.

2. Lynch, K. The Image of the City; MIT Press: Cambridge, MA, USA, 1960.

3. Li, Y,; Zhang, Y. Revitalizing Heritage: The Role of Urban Morphology in Creating Public Value in China’s Historic Districts. Land
2024, 13, 1919. [CrossRef]

4. Moudon, A.V. Urban morphology as an emerging interdisciplinary field. Urban Morphol. 1997, 1, 3-10. [CrossRef]

5. Kropf, K. The Handbook of Urban Morphology; Wiley: Chichester, UK, 2017.

6.  Oliveira, V. Urban Morphology: An Introduction to the Study of the Physical Form of Cities; Springer: Cham, Switzerland, 2016.
[CrossRef]

7. Pant, M.; Funo, S. The Grid and Modular Measures in The Town Planning of Mohenjodaro and Kathmandu Valley. ]. Asian Archit.
Build. Eng. 2005, 4, 51-59. [CrossRef]

8.  Pant, M,; Funo, S. A Morphological Analysis of Neighborhood Structure—Toles and the Ritual Artifacts of the Kathmandu Valley
Towns—The Case of Thimi. MANUSYA J. Humanit. 2002, 5, 117-134. [CrossRef]

9.  Pant, M.; Funo, S. Analysis of Settlement Clusters and the Development of the Town of Thimi, Kathmandu Valley. J. Archit. Plan.
Trans. AlJ 2001, 66, 177-184. [CrossRef] [PubMed]

10. Hillier, B. Space is the Machine: A Configurational Theory of Architecture; Cambridge University Press: Cambridge, UK, 1996.

11. Hillier, B.; Hanson, J. The Social Logic of Space; Cambridge University Press: Cambridge, UK, 1984. [CrossRef]

12. McClure, W.R. Sustaining Heritage Patterns in Mining Towns of the North American West: A Historico-Geographical Approach.
Heritage 2021, 4, 961-978. [CrossRef]

13. Boussaa, D.; Benabbou, S. Assessment of Patterns of Spatial Transformations: A Comparative Study of Three Historic City Centres
in Algeria. Int. Rev. Spat. Plan. Sustain. Dev. 2024, 12, 173-195. [CrossRef] [PubMed]

14. Shapiro, ].S. A Space Syntax Analysis of Arroyo Hondo Pueblo, New Mexico: Community Formation in the Northern Rio Grande; School
of American Research Press: Santa Fe, NM, USA, 2005.

15. Chakraborty, S.; Ji, S. A review of integrating space syntax analysis into heritage impact assessment: A comprehensive framework
for sustainable historic urban development. Int. J. Urban Sci. 2024, 29, 1-28. [CrossRef]

16. Bandarin, F; van Oers, R. The Historic Urban Landscape: Managing Heritage in an Urban Century; Wiley-Blackwell: Chichester, UK,
2012. [CrossRef]

17. UNESCO. Recommendation on the Historic Urban Landscape; UNESCO: Paris, France, 2011. Available online:

https:/ /portal.unesco.org/en/ev.php-URL_ID=48857&URL_DO=DO_TOPIC&URL_SECTION=201.html (accessed on 2
August 2026).

https://doi.org/10.3390/su181910137


https://doi.org/10.3390/land13111919
https://doi.org/10.51347/jum.v1i1.4047
https://doi.org/10.1007/978-3-319-32083-0
https://doi.org/10.3130/jaabe.4.51
https://doi.org/10.1163/26659077-00503004
https://doi.org/10.3130/aija.66.177_2
https://www.ncbi.nlm.nih.gov/pubmed/42827453
https://doi.org/10.1017/CBO9780511597237
https://doi.org/10.3390/heritage4020052
https://doi.org/10.14246/irspsd.12.1_173
https://www.ncbi.nlm.nih.gov/pubmed/42827253
https://doi.org/10.1080/12265934.2024.2438190
https://doi.org/10.1002/9781119968115
https://portal.unesco.org/en/ev.php-URL_ID=48857&URL_DO=DO_TOPIC&URL_SECTION=201.html
https://doi.org/10.3390/su181910137

Sustainability 2026, 18, 10137 31 of 31

18.

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Liao, P; Gu, N.; Brisbin, C.; Rofe, M.; Soltani, S. A Syntactical Spatio-Functional Analysis of Four Typical Historic Chinese Towns
from a Heritage Tourism Perspective. Land 2022, 11, 2181. [CrossRef]

Fan, M.; Hedayati Marzbali, M.; Abdullah, A.; Maghsoodi Tilaki, M.J. Using a Space Syntax Approach to Enhance Pedestrians’
Accessibility and Safety in the Historic City of George Town, Penang. Urban Sci. 2024, 8, 6. [CrossRef]

Bai, X,; Jiao, X.; Sakai, T.; Xu, H. Mapping the Past with Historical Geographic Information Systems: Layered Characteristics of
the Historic Urban Landscape of Nanjing, China, since the Ming Dynasty (1368-2024). Herit. Sci. 2024, 12, 283. [CrossRef]
Lépez Gonziélez, C.; Orozco Carpio, P.R.; Romani Lépez, C. Urban Historiography and Graphic Reconstruction of a Historic Area
in Valencia, Spain. Heritage 2024, 7, 5547-5568. [CrossRef]

Chakraborty, S.; Ji, S. Spatial legibility and sustainability: A design research approach to Park Street’s urban morphology
(1757-2020). Urban Gov. 2025, 5, 386—403. [CrossRef]

Relph, E. Place and Placelessness; Pion: London, UK, 1976.

Wau, J. Landscape Ecology. In Encyclopedia of Ecology, Five-Volume Set; Jorgensen, S.E., Fath, B.D., Eds.; Elsevier: Oxford, UK, 2008;
pp- 2103-2108.

Jacobs, J. The Death and Life of Great American Cities; Random House: New York, NY, USA, 1961.

Ewing, R.; Cervero, R. Travel and the Built Environment: A Meta-Analysis. J. Am. Plan. Assoc. 2010, 76, 265-294. [CrossRef]
Liu, B. The Trialism and Application of Human Settlement, Inhabitation and Travel Environment Studies: Applications in Water-Net Region;
Springer: Singapore, 2023. [CrossRef]

Whitehand, ].W.R. The Structure of Urban Landscapes: Strengthening Research and Practice. Urban Morphol. 2009, 13, 5-27.
[CrossRef]

Longley, P.A.; Goodchild, M.F,; Maguire, D.J.; Rhind, D.W. Geographic Information Science & Systems, 4th ed.; Wiley: Hoboken, NJ,
USA, 2015.

O’Sullivan, D.; Unwin, D.J. Geographic Information Analysis, 2nd ed.; Wiley: Hoboken, NJ, USA, 2010. [CrossRef]

Teklenburg, J.A.E; Timmermans, H.].P.; van Wagenberg, A.F.G.M. Space Syntax: Standardised Integration Measures and Some
Simulations. Environ. Plan. B 1993, 20, 347-357. [CrossRef]

Bao, W.; Liu, Y. Spatial Characteristics and Influencing Factors of Traditional Villages Distribution in the Yellow River Basin.
Sustainability 2025, 17, 4834. [CrossRef]

Huang, Y.; Xue, Q. Spatio-Temporal Distribution Characteristics and Driving Factors of Traditional Villages in the Yellow River
Basin. PLoS ONE 2024, 19, e0303396. [CrossRef] [PubMed]

Nie, Z.; Dong, T.; Pan, W. Spatial Differentiation and Geographical Similarity of Traditional Villages—Take the Yellow River Basin
and the Yangtze River Basin as Examples. PLoS ONE 2024, 19, e0295854. [CrossRef] [PubMed]

Feng, Y.; Wei, H.; Huang, H. Spatiotemporal Evolution Characteristics and Influencing Factors of Traditional Villages: The Yellow
River Basin in Henan Province, China. Herit. Sci. 2023, 11, 97. [CrossRef]

Barthélemy, M. Spatial Networks. Phys. Rep. 2011, 499, 1-101. [CrossRef]

Porta, S.; Crucitti, P; Latora, V. The network analysis of urban streets: A dual approach. Phys. A 2006, 369, 853-866. [CrossRef]
Newman, M.E.J. Networks: An Introduction; Oxford University Press: Oxford, UK, 2010. [CrossRef]

Fu,].-M,; Tang, Y.-F; Zeng, Y.-K.; Feng, L.-Y.; Wu, Z.-G. Sustainable Historic Districts: Vitality Analysis and Optimization Based
on Space Syntax. Buildings 2025, 15, 657. [CrossRef]

Turner, A. From axial to road-centre lines: A new representation for space syntax and a new model of route choice for transport
network analysis. Environ. Plan. B 2007, 34, 539-555. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su181910137


https://doi.org/10.3390/land11122181
https://doi.org/10.3390/urbansci8010006
https://doi.org/10.1186/s40494-024-01400-4
https://doi.org/10.3390/heritage7100262
https://doi.org/10.1016/j.ugj.2025.06.005
https://doi.org/10.1080/01944361003766766
https://doi.org/10.1007/978-981-19-9143-1
https://doi.org/10.51347/jum.v13i1.3945
https://doi.org/10.1002/9780470549094
https://doi.org/10.1068/b200347
https://doi.org/10.3390/su17114834
https://doi.org/10.1371/journal.pone.0303396
https://www.ncbi.nlm.nih.gov/pubmed/38771883
https://doi.org/10.1371/journal.pone.0295854
https://www.ncbi.nlm.nih.gov/pubmed/38306365
https://doi.org/10.1186/s40494-023-00939-y
https://doi.org/10.1016/j.physrep.2010.11.002
https://doi.org/10.1016/j.physa.2005.12.063
https://doi.org/10.1093/acprof:oso/9780199206650.001.0001
https://doi.org/10.3390/buildings15050657
https://doi.org/10.1068/b32067
https://doi.org/10.3390/su181910137

	Introduction 
	Materials and Methods 
	Analytical Framework 
	Study Area and Case Selection 
	Boundary Definition and Comparability 
	Data Sources 
	Public-Space Analysis 
	Comparative Analysis and Translation to Sustainability-Oriented Management 

	Results 
	Shared Valley-Adaptive Setting: Near-Water and Low-Slope Location 
	Differentiated Street-Network Morphology Under Historical Functions 
	Building Fabric: Commercial Openness, Defensive Enclosure and Courtyard Continuity 
	Public Space: Node Aggregation and Functional Layering 
	Integrated Comparison of Spatial Morphology 

	Discussion 
	Common Spatial Characteristics Under Valley Constraints 
	Historical Functional Orientation and Morphological Differentiation 
	From Morphological Indicators to Sustainability-Oriented Spatial Management 
	Methodological Implications 
	Synthesis: A Comparative Picture of Valley-Type Morphology 
	Limitations and Future Research 

	Conclusions 
	References

