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Performance Evaluation and Optimization Path of Industrial Land in
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ABSTRACT: The inherent scarcity of land drives an inevitable shift in land resource utilization from “incremental expansion” to “stock optimiza-
tion”. Industrial land is the primary carrier of urban production functions and a key focus for optimizing stock space in districts and counties within
the context of territorial spatial planning. Through a comprehensive review of relevant literature and practical experience, this study clarifies and ex-
tends the conceptual framework of the development potential of stock industrial land, providing a theoretical foundation for the revitalization of un-
derutilized industrial land. It constructs an integrated framework for macro-scale performance assessment and micro-scale classification of ineffi-
ciency types of industrial land, offering categorized guidance for enhancing the quality and efficiency of the “three-level and five-category” indus-
trial land system, and providing methodological references for district- and county-level redevelopment of stock underutilized industrial land as well
as sustainable urban development decision-making in the new development stage. Furthermore, the study explores multi-scenario implementation
paths and full life-cycle management mechanisms for the redevelopment of underutilized stock industrial land, providing support and assurance for
the intensive and efficient utilization of construction land.

KEY WORDS: territorial spatial planning; stock industrial land; three levels and five categories; performance evaluation; optimization path

Introduction used land will steadily decline, while demand for land use

Under the guidance of the concept of ecological civi- will grow. Accordingly, the vast stock of urban space, as
lization, territorial spatial planning in the new era actively the most expansive “blue ocean” in territorial spatial plan-
addresses various conflicts among spatial resources, and ning, must inevitably be subject to potential tapping and
fulfills the requirements of high-quality development urban renewal. As the reform of territorial spatial planning

through spatial development, protection, replacement, and advances, the city construction model dominated by incre-

renewal| 1]. The scientific rationality of territorial spatial . . .
(1] Y P mental planning is gradually being replaced by stock-ori-
allocation, with land as the core resource element, is an i o o )
. . . . . ented planning. “Strictly controlling increments and revi-
important guarantee for improving the quality of China’s

. . . . talizing stock” has become the core approach to achievin
economic development and promoting its sustainable & pp £

growth [ 2]. The inherent scarcity of land dictates that, high-quality development. To improve the rationality of

with the continuous rise of urbanization, the stock of un- intensity in urban construction land development and utili-
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zation, attention must be paid to potential tapping in urban
land use [ 3].

Industry is the driving force and foundation of urban
development[ 4 . Industrial land, as an important carrier of
urban production functions, is the key target for potential
tapping in existing space. During the period of rapid ur-
banization, local governments sought development through
investment promotion policies featuring low or even zero
land prices. Consequently, the spatial structure of cities
changed along with rapid land expansion. Meanwhile,
shifts in industrial planning and environmental protection
policies, coupled with the finite lifecycles of enterprises
and the lack of effective exit mechanisms, led to a series
of issues such as a high proportion of industrial land, inef-
ficient utilization, and irrational spatial distribution [ 5, 6].
With the continuous advancement of new-type urbaniza-
tion, promoting the redevelopment of underutilized indus-
trial land within cities has become an inherent requirement
for adapting to economic restructuring and optimizing the
spatial development and protection pattern of national ter-
ritory [ 7]. In current territorial spatial planning practices,
it has been observed that cities of all scales—large, medi-
um, and small-—maintain a relatively high proportion of
industrial land, which also demonstrates greater potential
compared to other categories of land use. In recent years,
relevant departments of the State Council have successive-
ly issued a series of policies and implementation guide-
lines related to industrial land, such as the “Overall Plan
for Comprehensive Pilot Reform of Market-Oriented Fac-
tor Allocation” and the “Guidelines for the Implementa-
tion of Industrial Land Policies”. All of these documents
propose improving the efficiency of land factor allocation
and addressing in depth the issue of output efficiency for
stock industrial land [ 8]. How to create greater value from
limited land resources has become an important direction
of exploration for local governments to enhance spatial
governance efficiency under the ongoing reform of territo-
rial spatial planning [ 9].

Research on the evaluation and identification ofunde-
rutilized industrial land and on optimized redevelopment
pathways is of great significance for the systematic imple-

mentation of territorial spatial planning and for enhancing

http: / www.viserdata.com/journal/jsa

the efficiency of land resource allocation. Existing studies
primarily concentrate on macro- and meso-level efficiency
evaluations of construction land at provincial and munici-
pal scales, with little refinement to the micro scale of in-
dustrial parcels, thereby limiting their ability to provide
effective evidence for constructing rational and orderly
pathways of stock industrial land optimization and renewal
[10]. Meanwhile, domestic studies on the renewal of stock
industrial land generally exhibit the characteristics of em-
phasizing conceptual frameworks over practical applica-
tion and focusing on major cities while neglecting smaller
towns, tending either toward theoretical construction or to-
ward case studies in the central districts of first-tier me-
tropolises [ 11]. Because they possess strong fiscal capaci-
ty, relatively mature policy mechanisms, and well-devel-
oped institutional foundations, large cities usually adopt
government-led approaches such as repurchasing underuti-
lized land for redevelopment as the main mode of urban
renewal. However, such approaches provide limited direct
guidance for ordinary small towns where financial re-
sources are tight and supporting policies remain in explor-
atory stages. This study seeks to summarize and synthesize
existing theoretical research and practical experience on
underutilized industrial land redevelopment, aims to con-
struct a performance evaluation and optimization frame-
work for existing industrial land at the district and county
level with broad applicability, thereby providing systemat-
ic operational guidance for ongoing industrial land renew-

al efforts across regions.

1 Local models of underutilized industrial land rede-

velopment

Since 2016, based on the implementation require-
ments and guiding principles of the former Ministry of

o«

Land and Resources Guiding Opinions on Deepening
the Redevelopment of Inefficient Urban Land (Trial)”,
provinces and cities have proposed different implementa-
tion approaches forunderutilized industrial land redevelop-
ment according to their respective industrial land-use
characteristics. In practical applications, most provinces
and cities adopt a similar approach to determine the rede-
velopment potential of underutilized industrial land in ur-

ban areas—namely, identifying and assessing potential
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sites based on the results of special investigations on un-
derutilized urban land. This process involves conducting
an inventory survey of existing construction land using
data from the national land survey to obtain information
on the quantity, distribution, and industrial types of unde-
rutilized urban land in the areas. The sites planned for re-

development are then marked on remote sensing images

and planning maps to establish a database of underutilized
land. In terms of organizational modes for underutilized
industrial land redevelopment, local practices vary slightly,
but they can generally be categorized into three types:
government-led redevelopment, redevelopment by original
landowners, and redevelopment involving market participants
(Table 1).

Table 1

Comparison of scope and modes of underutilized industrial land redevelopment at national and provincial levels

Scope of Underutilized Industrial Land

Redevelopment

Modes of Underutilized Industrial Land

Redevelopment

Former Ministry of
Land and Resources
(2016)

(1) Industrial land used for prohibited or phased-out indus-
tries as specified in national industrial policies;

(2) Land failing safety production or environmental protec-
tion requirements;

(3) Land for “upgrading from secondary to tertiary indus-
tries”;

(4) Areas with scattered layout and outdated facilities that are

designated for reconstruction in plans

(1) Reconstruction and development by state-owned land use right hold-
er;

(2) Reconstruction and development of collective construction land in
urban villages;

(3) Land with structure to be optimized through industrial transforma-
tion and upgrading;

(4) Concentrated, large-scale development;

(5) Construction for strengthening public facilities and livelihood pro-

jects

Jiangsu Province
(2016)

(1) Land not in line with industrial policy guidance, safety
production, or environmental protection requirements;

(2) Land with phased-out, redundant, or overcapacity indus-
tries;

(3) Land with scattered layout and inefficient land use;

(4) Land with irrational use or low output efficiency;

(5) Land not meeting the conditions of state-owned construc-

tion land transfer contracts

(1) Government-led redevelopment;
(2) Redevelopment by original landowners;
(3) Redevelopment involving market participants;

(4) Comprehensive renovation and improvement

Sichuan Province

(2017)

(1) Land prohibited or to be phased out according to indus-
trial policies and documents such as the “ Catalogue for
Guiding Industry Restructuring”, the “Catalogue of Items for
Which the Land Use Is Restricted”, and the “Catalogue of I-
tems for Which the Land Use Is Prohibited”;

(2) Land identified by authorities as failing safety production
or environmental standards;

(3) Land for “upgrading from secondary to tertiary indus-
tries”;

(4) Land with utilization intensity and input-output levels
significantly below relevant standards or contractual agree-

ments

(1) Government reclaims land use rights for redevelopment;

(2) Redevelopment by original state-owned land use right holder in
ways like self-development, joint ventures, equity participation, or
transfer;

(3) Market entities conduct concentrated, contiguous development: ac-
quire adjacent plots through public procedures, then apply for concen-

trated redevelopment

Henan Province
(2018)

(1) Industrial land used for prohibited or phased-out indus-
tries as specified in national industrial policies;

(2) Land failing safety production or environmental protec-
tion requirements;

(3) Land where buildings and structures pose serious safety
hazards;

(4) Land listed in municipal, county (district) industrial lay-
out adjustment plans, pending relocation, or for “upgrading
from secondary to tertiary industries”;

(5) Land with low utilization intensity or land output rate

(1) Industrial upgrading and transformation to optimize land use struc-
ture;

(2) Redevelopment involving original state-owned or collective land use
right holders and other market entities;

(3) Market entities acquiring adjacent plots for concentrated, contiguous

development

http: / www.viserdata.com/journal/jsa
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(Continued)

Scope of Underutilized Industrial Land

Redevelopment

Modes of Underutilized Industrial Land

Redevelopment

Tianjin Municipality
(2020)

(1) Industrial land used for prohibited or phased-out indus-
tries as specified in national industrial policies;

(2) Land failing safety production or environmental protec-
tion requirements;

(3) Land for “upgrading from secondary to tertiary indus-
tries”;

(4) Areas with scattered layout and outdated facilities that are

designated for reconstruction in plans

(1) Government-led redevelopment: redevelopment according to current
policies;

(2) Market-led redevelopment: original land right holders redevelop in-
dependently or through investment cooperation, but their investment

share must not be less than 51%

Shandong Province
(2020)

(1) Industrial land used for prohibited or phased-out indus-
tries as specified in national industrial policies;

(2) Land failing safety production or environmental protec-
tion requirements;

(3) Land for “upgrading from secondary to tertiary indus-
tries”;

(4) Areas with scattered layout and outdated facilities that are
designated for reconstruction in plans;

(5) Control indicators such as investment intensity, plot ratio,
and land-based output intensity are significantly below local
industry averages;

(6) Land identified based on the list of “restricted develop-
ment” enterprises according to the “per-mu output efficien-

cy” performance evaluation reform

(1) Government reclaim land for redevelopment: plots planned for resi-
dential, urban infrastructure, or public facilities are reclaimed or pur-
chased according to law;

(2) Original land use right holder redevelop: through self-development,
joint ventures, equity participation, or transfer;

(3) Original rural collective economic organizations redevelop: urban
village collective construction land may be redeveloped independently
or with social investors;

(4) Market entities redevelop: open bidding is conducted to determine
market entities to acquire adjacent plots and implement concentrated,

contiguous development

Zhejiang Province
(2021)

(1) Land not conforming to planning purposes, or requiring imple-
mentation of “retreat from secondary, advance tertiary”;

(2) Land failing safety production or environmental protec-
tion requirements;

(3) Land classified as prohibited or phased-out at national
and provincial levels;

(4) Land with utilization intensity or input-output level sig-
nificantly below construction land control standards;

(5) Land occupied by outdated industries or struggling enter-

(1) Government-led redevelopment;

(2) Market entity redevelopment: acquire adjacent plots through transfer
and apply for concentrated development;

(3) Original land-use rights holder develops the land independently: a
redevelopment plan shall be formulated, submitted for approval in ac-
cordance with procedures, and implemented upon approval.

(4) Original collective economic organization develops independently or

cooperatively

prises that needs to be vacated from use

Although policy guidelines forunderutilized land re-
development have been successively introduced at the pro-
vincial and municipal levels, the implementation of indus-
trial land rectification and upgrading at the district and
county level still faces a series of challenges. These mainly
include: (1) identification of the scope of underutilized in-
dustrial land redevelopment is incomplete; (2) connotation
of the redevelopment potential of stock industrial land is
outdated; (3) An integrated implementation framework
spanning from policy guidance to operational guidelines
has yet to be established for the identification of underuti-
lized land. Regional standards remain inconsistent, and the
involvement of multiple departments renders data collec-
tion and survey work highly labor- and cost-intensive; (4)

market entities show limited willingness to participate in

http: / www.viserdata.com/journal/jsa

the redevelopment or land exchange of certain plots due to
financing difficulties and low expected economic returns;
(5) high expectations of land value appreciation among o-
riginal land use right holders result in substantial funding
requirements for government land acquisition and reserve,
potentially exceeding the fiscal capacity of local governments;
(6) the relevant legal and policy framework remains incomplete,
and there is limited exploration of localized safeguard mecha-
nisms for implementation, including remediation, upgrading,
and subsequent management [ 12].
2 Connotation of the redevelopment potential of stock
Industrial land

Built-upunderutilized industrial land in urban areas

constitutes the primary component of the redevelopment

potential of stock industrial land. In 2015, the former Min-
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istry of Land and Resources defined underutilized indus-
trial land as “non-idle land whose current input-output in-
tensity, floor area ratio, building density, industrial type,
and production operation conditions do not meet industrial
and urban development needs, yet still possess significant
potential for adjustment and utilization.” At present, there
is still no universally accepted academic definition of the
scientific connotation of underutilized industrial land.
However, the concept is generally examined across multi-
ple dimensions, including industrial orientation, external
manifestation, output efficiency, utilization intensity, envi-
ronmental protection and energy performance [13-15]. He
Fang et al. proposed that the identification of underutilized
industrial land should reflect the characteristics of com-
prehensive multi-departmental management, encompassing
6 categories: low efficiency due to idle or shutdown, low
efficiency in development and utilization, low efficiency in
input/output, low efficiency in industrial orientation, low
efficiency in contract, low efficiency in functional alloca-
tion [ 16]. Based on the principle of land conservation, QU
Zhongqiong summarized the connotation of underutilized
industrial land into 3 aspects: low efficiency in land out-
put, low utilization rate of industrial land, and insufficient
function in social service [ 17]. Internationally, a similar
concept to underutilized industrial land is the “brown-
field”. The two share four comparable characteristics: (1)
In terms of physical form, they are previously developed
lands that are currently idle, abandoned, or awaiting rede-
velopment; (2) In terms of economic performance, they
have low productivity or fail to meet the requirements of
regional dominant industries to be developed, with indica-
tors such as total output value, profit, and tax revenue fall-
ing short of contractual obligations; (3) In terms of spatial
efficiency, they feature disordered and underutilized lay-
outs, with low indicators of land use intensity such as fac-
tory building density, floor area ratio, and fixed-asset in-
vestment; (4) In terms of environmental benefits, they are
characterized by high energy consumption, high pollution,
and high risk, and fail to meet relevant regulatory stand-
ards [ 18-20].

The incorporation of approved-but-unsupplied and i-

dle land into the stock under the “increment-stock link-

age” mechanism, together with the removal of legal barri-
ers to the market entry of rural collective operational con-
struction land, extended the spatial connotation of the po-
tential exploitable in stock industrial land[21]. In 2018 the
“Notice of the Ministry of Natural Resources on Impro-
ving the 'Increment-Stock' Linkage Mechanism for Con-
struction Land” stipulated that approved-but-unsupplied
and idle land should be included as stock indicators in cal-
culations. Regions with large amounts of such land would
see reduced allocations of new construction land, and sub-
sequent annual quotas would be rewarded or reduced
based on the completion of land disposal tasks. In the past,
academic and planning circles often associated the rede-
velopment of underutilized land with “Three-Old Redevel-
opment” and “Urban Renewal” [22]. The discussion typi-
cally focused on the performance evaluation and low effi-
ciency identification of already developed industrial land,
while paid insufficient attention to unsupplied and unde-
veloped land. Furthermore, the Notice of the Ministry of
Natural Resources, the National Development and Reform
Commission, and the Ministry of Agriculture and Rural
Afairs on Ensuring and Regulating Land Use for the Inte-
grated Development of Primary, Secondary, and Tertiary
Industries in Rural Areas issued in 2021 stipulated that
large-scale and highly industrialized projects should be lo-
cated in industrial parks, and sizable agricultural product
processing projects should be concentrated within urban
development boundaries. For a long period, the lack of ad-
equate control over land outside urban development
boundaries has led to scattered and underutilized develop-
ment of rural collective operational construction land.
Given the widespread overextension of construction land
quotas, small towns must explore a more compact and ef-
ficient model for reconstructing urban-rural industrial
spaces [ 23 ]. However, most national and provincial
guidelines for investigating and redeveloping low-efficien-
cy stock land focus primarily on urban areas, and little re-
search is conducted for this in rural regions [24]. Conse-
quently, many districts and counties still lack policy guid-
ance for the redevelopment of low-efficiency collective in-
dustrial land in rural areas.

This study examines each stage of the full life cycle

http: / www.viserdata.com/journal/jsa
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of industrial land and includes all non-high-quality indus-
trial spaces throughout the processes of land approval, al-
location, and construction within the scope of the redevel-
opment potential of existing industrial land. These spaces
are classified into four major categories: approved but un-
supplied industrial land, supplied but undeveloped indus-
trial land, underutilized industrial land in urban areas, and

underutilized industrial land in rural areas (Figure 1).

3 Evaluation and optimization pathway of industrial

land use performance

3.1 Classification of industrial land by scale

There are objective differences in the utilization per-
formance of stock industrial land across different scale
levels. Higher-level industrial parks, being generally larger
in area and benefiting from stricter entry thresholds, more
complete supporting facilities and greater policy incen-
tives, exhibit significantly higher land productivity than
lower-level ones[ 25]. In order to propose targeted land-
use renewal schemes from the perspective of overall terri-
torial coordination and balance, it is necessary to conduct
classified evaluations based on a macro-level assessment
of the entire territory. Drawing on industrial land renewal
practices in cities such as Shanghai and Suzhou, and based
on the current scale distribution of industrial parks nation-
wide, the stock industrial land within districts and counties
can be classified into a three-tier system comprising in-
dustrial bases, industrial communities, and industrial
blocks (Figure 2). Industrial bases refer to large-scale in-
dustrial parks or clusters located within the jurisdiction of
development zones or high-tech zones at the district or
county level. The total land area generally exceeds 4 km?.
Industrial communities refer to industrial parks or clusters
at the municipal level or above, that are situated outside
industrial bases. Their area is typically greater than 1 km?.
Industrial blocks refer to smaller industrial parks below
the municipal level, and other scattered industrial lands lo-
cated outside industrial bases and industrial communities.
Empirical evidence shows that in most regions, the output
efficiency of industrial land is highest in industrial bases,
followed by industrial communities, and lowest in indus-
trial blocks. Under current resource constraints, the over-

arching principle is that industrial bases and communities

http: / www.viserdata.com/journal/jsa

within the urban development boundary should focus on
prioritized development and optimization, whereas indus-
trial blocks outside the boundary should focus on clear-

ance, relocation, and improvement.

3.2 Macro-scale evaluation of industrial land use perform-

ance

A comprehensive evaluation is conducted at both the o-
verall regional (macroscopic) level and the three-tier classifica-
tion of industrial land use. The objective is to gain an intuitive
understanding of the current efficiency of urban industrial land
through a multidimensional factor profiling approach, identify
the relative strengths and weaknesses of the industrial bases
and communities, and thereby coordinate and balance the spa-
tial layout of industrial land within districts and counties to
more effectively guide the relocation and renewal of industrial
sites. Based on existing theoretical research and planning prac-
tices related to industrial land evaluation methods] 26-28 ], this
study constructs an indicator system comprising five criterion
dimensions: economic efficiency, land use intensity, accessibili-
ty and industry-friendliness, innovation and collaboration, and
ecological efficiency (Table 2). Under each criterion, more than
three representative indicators are selected. The number of
“+ 7 signs represent the relative importance of each indica-
tor—the greater the number of “+ ” signs, the higher its
weight in performance evaluation and the greater its priority in
consideration. If it is necessary to assign specific weights to the
indicators under each criterion and calculate a comprehensive
performance score for a particular industrial base or communi-
ty, methods such as the Delphi method, Analytic Hierarchy
Process (AHP), or Entropy Weight Method can be adopted
[ 29 ]. However, it should be noted that excessive dimensionali-
ty reduction or normalization may obscure important original
attributes [ 30]. In many cases, qualitative judgments derived
from multidimensional quantitative indicators may provide
more intuitive and effective insights than the results of com-
posite index calculations. Therefore, this study focuses primari-
ly on the logic of macroscopic performance evaluation and the
application of evaluation results within the system framework
for industrial land optimization and renewal, while simplifying
technical processes such as weight calculation as much as pos-
sible to better meet the practical needs of district- and county-

level redevelopment of stock industrial land.



ZHAN Zixin, DAI Linlin, YE Zijun/Journal of South Architecture 4:(2025) 1-14 7

‘Approval
Approved: Newly added construction Notshppiled . (I} App d-but pplied ial _|
land approved by the State Council or | Not legally supplied: Land for land
provincial gavernments which allocation procedures E
- i have not been legally completad, ]
Supplied !
Supply R — (] iidentified as idle land g
Suppli:d lm?ush\‘agel:nd ‘ef;( :rhimsu?ply i ] T but . ‘_.
edures have n lega : - LT L
| acCordance with reievant we erid D“ﬂ;gﬂ:’;‘;mm:::so?‘a“ land v Notidentified as idfe
|regulations investmant less than 25% “ Jand B
within the stipulated period __ Enterprise shutdown ]
Built-up Withirll’:rbq:'nr; P —* (L) o;:émmsinn of —
ment boundaries | 7 | production
. Including industrial (1) Urban underutilized industrial land | (3) Unsafe or environmen-
Development parks (agglomeration _ tally ﬂl'-'n"m;‘lp,l‘lt:ﬂn‘;‘
DevnluPnd Dn;:lﬁpmam progress naticient zones) and areas outside parks — @ !Wa,gm and e: ve 1
e pl d area or |ty s -
investment exceeding 25% within the - (‘1 Classified as outdated
stipulated period Outside urban deval or backward industries o
boundaries (= Falls to meet contractual
————+ (V] Rural underutitized Industrial land = — ":'3" obligations
—= (i3, Others

Figure 1
) % 222
Industrial
blocks % /
Industrial
communities

\ﬁ

ll%

Industrlal

[ %

Conceptualramework of xploitable otential for nderutilized ndustrial and

%EZ‘;

i Industrial land

Other construction land

|:| Industrial clusters

''''' Urban developmant boundaries

Figure 2 Classification ofndustrial and cale at istrict and ounty evel

3.3 Micro-scale identification of underutilized land use

types by enterprises

Identifying and classifyingunderutilized land use by
enterprises at the micro scale serves to establish a clear
baseline, fully explore the redevelopment potential of the
land, and facilitate phased, targeted management of differ-
ent types of enterprises by relevant authorities. In current
planning practice, the estimation of underutilized land use
potential often relies directly on specialized survey and as-
sessment data from administrative authorities. However,
due to the involvement of multiple stakeholders, the lists
of underutilized land submitted by local governments are
usually limited in both number and scale. A scientifically
sound, rational, and straightforward evaluation indicator
system is the foundation for assessing the intensive utili-
zation and high-quality development of industrial enterpri-

ses [31]. To avoid inaccuracies in specialized survey re-

sults and to enhance the relevance of evaluation outcomes,
this study simplifies the composite scoring method used in
previous underutilized land identification research into a
single-factor integrated evaluation approach.

The identification of industrial enterprisesunderutiliz-
ing land (“inefficient enterprises” hereinafter) can be cate-
gorized into five fundamental dimensions: green, efficien-
cy, quality, equity, and safety: (1) Industrial enterprises
within ecological red-line zones should be gradually with-
drawn or replaced. As Environmental Impact Assessments
(EIAs) can predict environmental impacts through qualita-
tive and quantitative analysis, enterprises encroaching on
ecological red lines or failing to pass EIA acceptance are
identified as inefficient enterprises in green dimension; (2)
The operational efficiency of industrial enterprises signifi-
cantly affects their future market expansion, their capacity

to provide employment, and the overall development of

http: / www.viserdata.com/journal/jsa
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local society. Output per unit of land serves as the funda-
mental metric for assessing how efficiently enterprises uti-
lize resources; (3) The long-term high-quality development
of enterprises is largely contingent upon the cultivation
and support of local industrial policies. Industrial enterpri-
ses outside dominant sectors and with poor management
performance, in their efforts to reduce fixed costs, often
fail to make intensive and efficient use of land; (4) Tax
revenue per unit of land directly reflects the capacity of
industrial enterprises to assume social responsibilities and
obligations, and also indirectly indicates the equity with
which they utilize land resources for production and oper-
ation and bear the associated costs; (5) The purpose of a

safety evaluation is to identify potential hazards, assess

their severity and consequences, and propose effective
control measures prior to establishing safety provisions.
Accordingly, whether an enterprise has completed and pas-
sed the safety evaluation constitutes a key indicator in the
safety dimension. Based on individual indicators enterprise
data from various industrial parks, a five-layer recursive
judgment logic is established to successively screen and
classify enterprises into five categories: green-deficient,
efficiency-deficient, quality-deficient, equity-deficient, and
safety-alert enterprises. These classifications are then
matched to corresponding underutilized industrial land
(Figure 3). The specific classification criteria and judgment
logic for inefficient enterprises can be adjusted according

to local conditions and practical needs.

Table 2 Optional indicators for performance evaluation of stock industrial land at district and county level

Criterion Optional Indicator Unit Effects Importance
Industrial land output value per unit area CNY10,000/km? Positive ++ 4+ ++
Economic Industrial land tax revenue per unit area CNY10,000/km? Positive +++ ++
Efficiency Proportion of above-scale industrial enterprises % Positive +
Other related indicators
Land Use . . . . .
Intensity Comprehensive plot ratio of industrial land % Positive + + + +
Fixed asset investment per unit area of industrial land CNY10,000/km? Positive + + + +
Idle land rate of industrial land % Negative + +
Other related indicators
Accessibility and
Suitability for Employment per unit area of industrial land Persons/km? Positive + + + +
Industry
POI density of public service facilities Numbers per km? Positive +
Accessibility - Positive +
Other related indicators
Innovation and . . o . .
collaboration Proportion of planned strategic emerging industries output % Positive + + +
Proportion of high-tech enterprises % Positive + + +
Spatial agglomeration of industrial enterprises - Positive + +
Other related indicators
Eco-Efficiency Electricity consumption per unit industrial output 10,000 kWh/10,000 RMB Negative + +
Water consumption per unit industrial output 10,000 tons/10,000 RMB Negative + +
Wastewater generated per unit industrial output 10,000 tons/10,000 RMB Negative +
Solid waste generated per unit industrial output 10,000 tons/10,000 RMB Negative +
Other related indicators

http: / www.viserdata.com/journal/jsa




ZHAN Zixin, DAI Linlin, YE Zijun/Journal of South Architecture 4:(2025) 1-14 9

3.4 Framework for Industrial Land Optimization and Re-

newal

The management of industrial parks and industrial land
primarily involves the Natural Resources Commission, the Eco-
nomic and Information Technology Commission, the Develop-
ment and Reform Commission, and the Commerce Commis-
sion. Although each department has distinct regulatory empha-
ses, their authorities overlap. Thus, in the new round of optimi-
zation and renewal of stock industrial land, it is necessary to
enhance integration and coordination to ensure smooth and
controllable decision-making and implementationl:32]. Given
the shortage of new construction land quotas in many districts
and counties, the unsustainability of the previous model of rap-
idly advancing development and demonstration zones, and the
near absence of a policy foundation for stock land renewal, this
study adopts a territory-wide perspective to coordinate industri-
al land layout and calculate renewal costs under multiple sce-
narios, and constructs a full-process, implementation-oriented
framework for industrial land optimization and renewal (Figure
4). The specific pathways are as follows:

(1) Overall performance assessment atthe macro level:
Based on data from the Third National Land Survey (the
3rd Survey), appropriate indicators are selected from five
criterion dimensions to comprehensively evaluate the utili-
zation performance of industrial land across the entire dis-
trict or county. By benchmarking against other districts in
the same city or the national level to form a macro strate-
gic assessment. Then conduct classified evaluations of in-
dustrial land-use intensity across different scales to identi-
fy inefficient, wasteful, or poorly planned industrial parks
as priority areas for renewal and optimization.

(2) Drawing on enterprise survey data provided by
government departments such as the Economic and Infor-
mation Technology Commission and the Development and
Reform Commission, and taking into consideration of re-
gional characteristics and data availability, this study iden-
tifiesthe types of inefficient enterprises. Through methods
such as POI crawling, the list of inefficient enterprises is
spatially matched with industrial park land-use survey da-
ta, thereby clarifying the enterprises requiring enhanced
supervision or planned withdrawal, and providing direc-

tion for efficiency improvement and targeted guidance in

subsequent industrial land renewal.

(3) Formulation of land renewal schemes: Based on the
results of the macro-level performance assessment and micro-
level inefficiency identification, and from the perspective of o-
verall spatial optimization, three fundamental principles are es-
tablished: maintaining total volume, promoting clustering, and
enhancing quality. To develop and improve supporting policy
mechanisms for industrial land renewal in a context-specific
manner, explore multiple scenario-based renewal schemes, veri-
fy them against existing plans and the “three control lines,”
and complete cost-benefit accounting to evaluate the feasibility

of implementation.

4 Design of the implementation mechanism for indus-

trial land optimization and renewal

4.1 Categorized guidance for “three levels and five catego-

ries” of industrial land

Based on the three-level scale system of industrial land
and the distribution characteristics of the five categories ofun-
derutilized land, multiple renewal and revitalization approaches
are adopted to enhance quality and efficiency. (1) For underuti-
lized industrial land within industrial bases and industrial com-
munities, on-site renewal is prioritized. High-efficiency enter-
prises should be retained, and the supporting facilities within
the parks should be gradually improved through micro-renova-
tions. Emphasis should be placed on strengthening the supervi-
sion of approved but unused land and tapping into the potential
of stock land indicators. The efficiency targets per unit of land
for industrial bases should be higher than those for industrial
communities. The transformation of “industry-to-industry” can
be combined with “industry-to-commercial” and *industry-to-
public” transformations, upgrade from secondary to tertiary in-
dustries to facilitate the industrial restructuring and the integra-
tion of industry and urban functions. (2) Industrial blocks with-
in industrial clusters should prioritize industrial-to-industrial
renewal, phasing out low-end industries while supporting and
upgrading advanced ones, so as to promote industrial transfor-
mation and upgrading. The strategy is to advance the integra-
tion of industrial parks and the relocation of industries in an
orderly way, or to abolish certain parks, gradually transferring
industries into qualified industrial communities, thereby freeing
up construction land quotas. The methods for improving the ef-

ficiency of land use by inefficient enterprises in industrial com-

http: / www.viserdata.com/journal/jsa
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munities are generally the same with those used in industrial
communities, but the land-use efficiency targets can be slightly
lower. (3) Scattered rural industrial blocks should, in the near
term, focus on comprehensive remediation, while in the medi-
um to long term, depending on development needs, they should
be adjusted into land reserve and development zones, thereby
transforming their land-use function. Rural industrial land that
encroaches on ecological protection zones or farmland protec-
tion zones must be prioritized for withdrawal, while industrial
land in other areas should be gradually phased out in accord-
ance with policy.

Among the five categories of low-efficiency enterprise
land: (1) green-deficient enterprises located within permanent
ecological protection zones must strictly comply with control
requirements. Where rigid control elements cover more than
50% of the total land area, the enterprise land must be re-
claimed and restored to green use; (2) for efficiency-deficient
enterprises, the main strategy is partial renovation and selective
demolition/reconstruction to support expansion and upgrading.
Heavy industry enterprises should not simply increase land-use
intensity, while light industry enterprises may selectively adopt
multi-story industrial building models[ 33]; (3) for quality-de-
ficient enterprises, guidance should be provided to utilize exist-
ing land and facilities or to eliminate outdated capacity to free
space for technological upgrading; alternatively, the space may
be reallocated to high-tech enterprises or large-scale industrial
enterprises, thereby supporting the development of higher-qual-
ity firms; (4) for equity-deficient enterprises, emphasis should
be placed on encouragement, guidance, and differentiated man-
agement. Enterprise classification results are to be applied more
deeply, with differentiated urban land-use tax reductions or ex-
emptions implemented according to the level of contribution to
local public finance. Projects that significantly enhance tax rev-
enue per unit of land are to be given priority in land allocation;
(5) safety-alert enterprises are to be managed by establishing a
standardized institutional environment and conducting safety e-
valuations in strict accordance with national or industry stand-
ards. Enterprises with safety risks shall be ordered to rectify or,

if necessary, be compelled to exit.

4.2 Economic evaluation of multi-scenario industrial land

renewal schemes

The spatial pattern of scattered industry is uneconom-

http: / www.viserdata.com/journal/jsa

ical and unsustainable, whereas a specialized and concen-
trated industrial geography is conducive to regional eco-
nomic development and to strengthening regional compet-
itiveness[ 34]. In practice, the single policy goal of “mov-
ing industry into parks” is insufficient for guiding the op-
timization and restructuring of industrial space. Further-
more, highly concentrated spatial patterns are difficult to imple-
ment in many districts and counties. Therefore, local govern-
ments must acknowledge the partial rationality of existing con-
ditions and seek more realistic optimization strategies. Under
the guiding principles of “maintaining total volume, promoting
clustering, and enhancing quality”, the possible coordinated
optimization patterns for district- and county-level industrial
land can be divided into three types: “large-scale concentra-

”

tion,” *small-scale clustering,” and “small clustering with
moderate park integration” (Figure 5). Economic costs for each
scenario can be calculated based on expected planning-period
indicators, and the results can be combined with the local soci-
oeconomic context to select the most appropriate scheme.
This study compares and evaluates the three industri-
al land renewal schemes to achieve a balance between
short-term economic costs and long-term social develop-
ment benefits. (1) “Large concentration” model: All indus-
trial blocks outside the main industrial clusters are reloca-
ted and fully incorporated into industrial bases. This mod-
el entails extremely high short-term economic costs for
land relocation. Currently, local district and county fi-
nances are often insufficient to support it, and issues such
as insufficient development incentives for townships and
rising unemployment may arise. (2) “Small clustering”
model: Scattered rural industrial blocks are integrated by
relocating them to nearby industrial bases or industrial
communities within their corresponding towns or subdis-
tricts. Multiple small parcels within the same industrial
cluster are merged into larger blocks to achieve moderate
clustering. This model, based on current conditions, in-
volves only a small scale of land withdrawal and thus en-
tails low economic and social costs. However, as the over-
all industrial spatial layout remains relatively dispersed,
indicators such as output value per unit of land and tax
revenue per unit of land are unlikely to meet planning ex-

pectations. (3) The “small clustering + moderate park”
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scheme involves relocating all small industrial blocks sur-
rounding industrial bases and consolidating them into the
base, while vacating certain scattered industrial blocks in
towns and rural areas and incorporating them into nearby

industrial communities. This model balances the advanta-

ges and disadvantages of the previous two schemes.
Through a dynamic balance of land relocation and the ad-
dition of new land, it simultaneously considers planning
feasibility and long-term development benefits, making it

the preferred approach for most districts and counties.
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4.3  Full lifecycle management mechanism for industrial

land

Pre-supply management stage: The land-use approval
process should be optimized, and strict entry thresholds
for industrial land enforced. Clauses must be clarified re-
garding project construction, property self-holding re-
quirements, performance bond supervision, and enterprise
default responsibilities, with enterprises required to sign
the corresponding performance agreement. The policy pi-
lots flexible-term land transfers, considering market de-
mand and the relatively short life cycle of industrial enter-
prises. Drawing on advanced regional practices, it sets an
initial lease period, with renewal permitted if conditions
are met upon expiry. In principle, the land-use term for
general industrial projects should not exceed 20 years.

Post-supply supervision stage: A full life-cycle regu-
latory information platform should be developed, incorpo-
rating functions such as land transfer contract manage-
ment, supervision of project commencement and comple-
tion, and evaluation of compliance with indicators like
construction progress and achievement of production ca-
pacity. Strengthen continuous supervision and whole-
process management by conducting annual project evalua-
tions and addressing cases of non-compliance or default.

The department responsible for introducing the project

takes the lead in supervising whether enterprises fulfill
their contractual obligations, and conducts an annual re-
view and evaluation of project performance for the previ-
ous year. For projects that violate performance agreement
commitments, the project introduction departments and the
Natural Resources Bureau shall, according to the nature of
the breach, propose measures such as requiring the pay-
ment of liquidated damages or reclaiming land-use rights
and associated buildings.

Rights exit stage: Based on the results of performance
evaluations, diversified methods of land withdrawal should
be explored. While enterprise interests are fully consid-
ered, differentiated land revitalization policies should be
explored, such as government buyback, land replacement
or transfer, and transformation with capacity expansion.
Enterprises revitalizing existing land stock may, based on
project performance evaluation results, be reported to the
district/county government, which will collectively decide
the proportion of land value increment fees to be collected
for capacity expansion. The compulsory withdrawal of
project land-use rights shall be strengthened. For projects
that fail to meet the performance indicators set forth in the
land transfer contract, the transferee's breach of contract li-
ability will be pursued in accordance with the contract, up

to and including the recovery of land-use rights.
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Conclusion

Revitalizing existing land resources, particularly through
the optimization, redevelopment, and efficient utilization ofun-
derutilized industrial land, is an important means of coordina-
ting and optimizing the national land development-protection
pattern, promoting sustainable and high-quality economic de-
velopment, and constitutes the inevitable choice for transforma-
tion in the new era. This study, drawing on local practical ex-
perience, expands the understanding of the exploitable potential
of stock industrial land in the new era. It proposes an industrial
land evaluation index system based on data from the Third Na-
tional Land Survey and local enterprise surveys, enabling both
macro-level performance assessment and micro-level identifica-
tion of inefficiency characteristics of industrial land at the dis-
trict and county levels. On this basis, multi-scenario industrial
land renewal strategies are proposed, aiming to provide practi-
cal and operable references for widespread industrial land re-
newal at the district and county levels. It should be noted that
although this study constructs a full-process system framework
for optimizing and redeveloping stock industrial land by in-
tegrating macro- and micro-scale analyses, thus avoiding the
fragmented limitations of previous studies that focus only on a
single aspect or type of underutilized industrial land, there re-
mains a lack of in-depth exploration into the operational mech-
anisms and dynamic evolution of stock industrial space, partic-
ularly the mechanisms generating underutilized land. Moreover,
achieving quality enhancement, efficiency improvement, and
long-term sustainable development of industrial land requires
the integration of interdisciplinary theories and methods from
urban and rural planning, economics, management, geography,
and sociology, to facilitate the organic coordination of multiple
objectives. These aspects need to be further supplemented and

refined in future research.

Sources of Figures and Tables
All figures and tables in this paper are prepared by the au-

thors.

References
[ 1] PAN Jing, GU Haibo. A Study on Allocation of Industrial Space:
Pingshan District, Shenzhen [ J]. Planners, 2021, 37(21): 44-50.

[2] LI Bingqing. The Performance Evaluation and Promotion Mecha-

nism of Industrial Land Use: Evidence from the Hubei Province
[D]. Beijing: China University of Geosciences, 2019.

[3] HUANG Di, ZHANG Hongmei, FAN Shuping, et al. Industrial
Land Regulation and Controlling Based on Stock Potential Tap-
ping: A Case Study of Economic and Technological Development
Zone in Chizhou City [ J]. Scientific and Technological Manage-
ment of Land and Resources, 2013, 30(6): 42-47.

[4] LIU Fang, LIU Chengming, WU Lingjing. An Analysis on the
Spatial Expansion Path of Inefficient Industrial Land, Shenzhen
[J]. Planners, 2021, 37(12): 50-56.

[5] GU Xiaokun, ZHOU Xiaoping, LIU Boyan, et al. Using“ Situa-
tion-Structure-Implementation-Outcome” Framework to Analyze
the Reduction Governance of the Inefficient Industrial Land in
Shanghai [ J]. Journal of Natural Resources, 2022, 37(6): 1413-
1424.

[6] WANG Bo. Bengbu: Sort out, Implement Different Policiesfor
Different Enterprises and Revitalize Inefficient Industrial Land
[J]. China Land, 2022(4): 55-56.

[7] XIA Yuan. Urban Industrial Land Consolidation PathCombined
with Regional Characteristics: A Case Study of Qinhuai District,
Nanjing [ J]. China Real Estimate, 2022(1): 21-24.

[8] GU Yuewen, Lii Ping. Research on the Renewal Mechanism of In-
efficient Industrial Land in the Perspective of Property Rights
Game [ J]. Urban Development Studies, 2021, 28(1): 71-77.

[9] ZHOU Ziyi, JIANG Jiayao, NI Bin. Research on the Renewal
Planning Method of Inefficient Industrial Land under the Guid-
ance of Spatial Governance: Exploration based on the Science and
Technology Innovation Corridor in the West of Hangzhou City
[CJ. 2020/2021 Annual National Planning Conference, 2021.

[10] MA Guogqing, Zhao Jinmei, Feng Liyuan, et al. Evaluation of E-
conomical and Intensive Use of Construction Land and Estima-
tion of Potential Scale on the Basis of Plot Scale: Taking Litong
District Wuzhong City, Ningxia as an Example [ J]. Journal of
Ningxia University (Natural Science Edition), 2021.

[11] CAO Lin, CHENG Cheng, WEN Tianyuan, et al. Research on-
Second Tier Cities” Industrial Land Renewal with the Guidance
of Inventory Planning: A Case Study of Yantai City, in Shandong
Province, 2021, 28(9): 7-12.

[12] YANG Hui, CHEN Huafei, LI Xin. Analysis on theImprovement
Strategy of Inefficient Industrial Land [ J]. China Land, 2019(9);
50-51.

[13] LUO Yao, WU Qun. Research Progress on Inefficient Urbanln-
dustrial Land Based on Supply Side Structural Reform [J]. Re-
source Science, 2018, 40(6): 1119-1129.

[14] HONG Huikun, LIAO Heping, ZENG Yan, et al. Intensive Ori-
ented Evaluation and Exit Mechanism Analysis of the Inefficient

Industrial Land in Chongqing City [J]. Journal of Southwest U-

http: / www.viserdata.com/journal/jsa



14 ZHAN Zixin, DAI Linlin, YE Zijun/Journal of South Architecture 4:(2025) 1-14

niversity (Natural Science Edition), 2015, 37(5): 128-135.

[15] CAI Lifu, HE Jihong, LIANG Xiongfei, et al. Full Cycle Monito-
ring of Low Efficiency Industrial Park Renovation: Shunde Prac-
tice [ J]. Planners, 2021, 37(6): 45-49, 55.

[16] HE Fang, WANG Yixin, DAI Bing, et al. Researchon Classifica-
tion and Identification Criteria of Inefficiency Industrial Land
under Poly-department Coordination: A Case Study of Shanghai
[J]. China Real Estate, 2017(21): 3-11.

[17] QU Zhongqiong, WANG Chenzhe, GAO Lu. The Urban Ineffi-
cient Industrial Land Evaluation based on the Principle of Land-
saving: Taking Hailing District of Taizhou, Jiangsu Province as
an Example [J]. China Land Sciences, 2018, 32(11): 50-56.

[18] KREICI T, DOSTAL I, HAVLICEK M, et al. Exploring the Hid-
den Potential of Sugar Beet Industry Brownfields (case study of
the Czech Republic) [ J].Transportation Research Part D: Trans-
port and Environment, 2016, 46: 284-297.

[19] RIZZO E, PESCE M, PIZZOL L, et al. Brownfield Regeneration
in Europe: Identifying Stakeholder Perceptions, Concerns, Atti-
tudes and Information needs [ J]. Land Use Pol, 2015, 48: 437-
453.

[20] THORNTON G, FRANZ M, EDWARDS D, et al. The Challenge
of Sustainability: Incentives for Brownfield Regeneration in Eu-
rope [J]. Environ Sci Policy, 2007, 10(2): 116-134.

[21] TAN Yongzhong, HE Ju, LI Nan. The Innovative Path of the Re-
use of Stock Industrial Land under the Background of New-type
Urbanization [ J]. Journal of Jishou University (Social Sciences),
2020, 41(5): 48-55.

[22] LIN Jian, YE Zijun, YANG Hong. Thoughts on the Underused
Urban Land Redevelopment in the Era of Inventory Planning
[J].China Land Sciences, 2019, 33(9): 1-8.

[23] ZHOU Yang, ZHU Xigang, GUO Ziyu, et al. From“ Three Con-
centration” to “Organic Concentration”: A Rethink about the
Gathering Intensive Development of Industrial Land of Southern
Jiangsu Small-Town [J]. Urban Development Studies, 2018, 25
(4): 18-26.

[24] MO Zhengxi, YE Qiang, ZHAO Yao. The Evolutionary Context
of Policies, Theories and Practices for the Utilizationof Stock

Construction Space in China [ J]. Economic Geography, 2022, 42

http: / www.viserdata.com/journal/jsa

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

(6): 156-167.

LI Lun, HAO Qianjin. Empirical Study on the RelativeEfficiency
of Industrial Land Use in Shanghai City [ J]. China Land Sci-
ences, 2014, 28(2): 53-58.

YE Xiaojun, XU Jiaming, ZHU Chen, et al. Township Industrial
Land Reduction-renewal Dilemma and Solution in Southern
Jiangsu Region [ J]. Planners, 2021, 37(21): 37-43.

HAN Hao, ZHANG Ruimin, HUANG Hao, et al. Delimitation of
Industrial Land Control Line in Qingdao [ J]. Planners, 2021, 37
(S2): 76-80.

ZHANG Zhenlong, WANG Yuerong, JIANG Yupei, et al.Evalua-
tion and Optimization of High-quality Utilization of Industrial
Land: A Case of Suzhou Industrial Park [ J]. Planners, 2021, 37
(20): 13-21.

LU Chunyang, WEN Feng, YANG Qingyuan, et al. An Evalua-
tion of Urban Land Use Performance Based on the Improved
TOPSIS Method and Diagnosis of Its Obstacle Indicators: A
Case Study of Chonggqing [ J]. Resources Science, 2011, 33(3):
535-541.

XUE Haoying. Research on Decomposition Method of Construc-
tion Land Index in Cities and Counties under Tight Resource
Constraints [C]// . 2020/2021 Annual National Planning Confer-
ence, 2021.

CHEN Yu, CHEN Yinrong, MA Wenbo. Evaluation of Industrial
Land's Intensive Use and Analyis of Potential Mining with Bayes
Discrimination: A Case Study of Typical Enterprises in Hubei
Province [ J]. Resources Science, 2012, 34(3): 433-441.

ZHANG Lei, MIAO Huanan. Industrial Stock Land Development
Integration and Management, Ningbo [ J]. Planners, 2017, 33(7):
137-141.

LIU Libing, YUE Jun, CHEN Xiaoxiang, et al. The Model,
Cause, and Inspiration of High-quality Utilization and Manage-
ment of Industrial Land in Shenzhen [ J]. Planners, 2021, 37(21):
11-16.

JIANG Qunou, SUN Siyang, WANG Chunli, et al. Study on Charac-
teristics of Spatial Agglomeration and Spatial Correlation of Industrial
Land in Jiayuguan City [ J]. Transactions of the Chinese Society of
Agricultural Engineering, 2018, 34(24): 274-282.



Contents lists available at Viser

SOUTH ARCHITECTURE

Journal of South Architecture

C)‘ VISER

http: // www.viserdata.com/journal/jsa

The Impact of Perceived Winter Riverside Environmental
Characteristics on the Mental Health of Older Adults” :
A Case Study of Harbin, China

YUAN Qing', LI Hongrui’, LENG Hong’

Author Affiliations 1 Professor; 2 Master’s Student; 3 Professor (Corresponding Author), Email: hitlaura@126.com; 18&.28&.3 School of Architecture
and Design, Harbin Institute of Technology; Key Laboratory of National Territory Spatial Planning and Ecological Restoration in

Cold Regions, Ministry of Natural Resources

ABSTRACT: Urban riverside spaces serve as important venues for older adults to engage in outdoor activities and connect with nature, and the per-
ceived characteristics of these environments exert a significant influence on their mental health. Compared with ordinary seasons, the winter climate
in cold-region cities has distinctive effects on both older adults and waterfront spaces. The pathways of influence under this specific climatic back-
ground require further investigation. Using the wintertime Harbin section of the Songhua River as the study area, this research employs structural e-
quation modeling (SEM) to empirically examine the impact of perceived winter riverside environments in cold regions on the mental health of older
adults and to identify the mechanisms through which their different behavioral activities operate. The findings reveal that: (1) The environmental
characteristics of winter riverside spaces in cold-region cities that influence the mental health of older adults consist mainly of four dimensions: so-
cial, landscape, comfort, and activity elements. (2) The pathways through which environmental perception affects mental health include both direct
effects and indirect effects mediated by behavioral activities. Specifically, social and landscape elements exert direct effects on mental health and al-
so indirect effects by influencing behavioral activities, whereas comfort and activity elements influence mental health only indirectly through behav-
ioral activities. (3) Different behavioral activities undertaken by older adults in riverside spaces play mediating roles in the mechanism by which en-
vironmental perception affects mental health, with waterfront interactions exhibiting the strongest mediating effect. This study clarifies the mecha-
nism through which environmental characteristics of winter riverside spaces influence the mental health of older adults, providing insights for en-
hancing and transforming winter riverside spaces in cold-region cities.

KEY WORDS: winter riverside space; older adults; mental health; cold-region cities; behavioral activities

Introduction

Against the backdrop of population aging, mental
health issues among older adults have become an increas-
ingly important public health concern—declines in mental
health not only result in deteriorating physical and cogni-

tive functioning but are also linked to higher morbidity
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and mortality risks [ 1]. The Report on National Mental
Health Development in China (2019-2020) indicated that
nearly one-third of older adults experience depressive
symptoms [ 2], highlighting a concerning mental health
situation that urgently requires effective interventions. Ur-

ban waterfront spaces serve as key venues for older a-
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dults’ daily leisure activities, and their environmental
characteristics are closely associated with the mental
health of older adults [ 3]. Exploring this causal relation-
ship is essential for improving urban waterfront environ-
ments, promoting healthy aging, and advancing the
Healthy China initiative.

Waterfront spaces exert positive effects on residents’
mental health, as reflected in their benefits for psychother-
apy [ 4], emotional regulation [ 5], reduced depression
scores [ 6], and enhanced subjective well-being [ 7]. Rele-
vant studies have examined how individual attributes, the
objective environment of waterfront spaces, and subjective
environmental perceptions affect mental health. Existing
studies confirm that residents’ mental health is influenced
by multiple individual attributes, including age, gender, in-
come level, and physical health status [ 8]. The objective
environment of waterfront spaces is mainly reflected in in-
dicators such as the proportion of waterfront spaces within
a certain distance [ 9], water body visibility [ 10], and ac-
cessibility [ 11]. An increase in the proportion of nearby
waterfront spaces, greater water body visibility, and shor-
ter distance between waterfront spaces and residences are
all associated with a higher likelihood of better mental
health among residents. Environmental perception refers to
individuals’ subjective feelings and psychological judg-
ments about their surrounding environment and its chan-
ges, and it constitutes the psychological basis for environ-
mental behavior [ 12]. Residents’ environmental percep-
tions shape their behavioral activities and, in turn, exert
positive or negative influences on their mental health. In
recent years, scholars both in China and abroad have fo-
cused on examining how perceptions of the physical and
social environments of residential areas influence resi-
dents’ self-rated mental health. They have proposed that
perceived attributes of the residential environment—such
as aesthetic quality[ 13], walkability[ 14], and facility di-
versity[ 15 ]—exert significant positive effects on mental
health. Similarly, favorable perceptions of social-environ-
mental factors, including harmonious neighborhood rela-
tions and robust social capital, also contribute to resi-
dents” mental well-being[ 16]. Building on this founda-

tion, some scholars have begun to focus on the relation-
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ship between subjective perceptions of waterfront spaces
and human mental health. Qualitative studies have dis-
cussed the relationships between perceptions of elements
such as waterfront spaces’ safety [ 17], accessibility [ 18],
and vitality [ 19] and mental health; quantitative analyses
have verified that meeting perceptual preferences, such as
appreciation of beautiful waterscapes [ 20] and well-de-
signed walkways [ 21], facilitates activities in waterfront
spaces and thereby helps prevent mental health problems.
In addition, some studies have noted that residents’ mental
health is closely related to the duration [22] and intensity
[23] of their activities in waterfront spaces.

Seasonal variations have a significant impact on resi-
dents’ mental health, and changes in season are correlated
with symptoms such as depression, mania, and anxiety
[24]. The prevalence of winter depression reaches as high
as 10% worldwide, with 70% of cases diagnosed as recur-
rent major depressive disorder [ 25]. It is particularly
common in cold regions of North America, Northern Eu-
rope, and cold-region cities in China [ 26 ]. Researchers
have mainly explained the mechanisms of seasonal effects
on mental health from physiological and behavioral per-
spectives. From the physiological perspective, serotonin is
believed to play a key role in regulating anxiety and de-
pressive emotions. During winter, the brain’ s serotonin
system becomes less active, making people more prone to
negative and passive emotions, thereby increasing the inci-
dence of mental disorders. From the behavioral perspec-
tive, low temperatures in winter reduce or even eliminate
healthy activities among residents, which in turn negative-
ly affects their mental health [ 27]. Meanwhile, seasonal
changes also significantly affect the environmental quality
of waterfront spaces: although winter snowfall in cold-re-
gion cities creates additional opportunities for ice- and
snow-related recreational activities, the range of waterfront
resources perceptible to urban residents is markedly re-
duced during winter [ 28]. Older adults—whose physical
resilience and overall health tend to be comparatively low-
er—are particularly sensitive to these environmental chan-
ges. Consequently, their willingness, frequency, and dura-
tion of use of winter waterfront spaces are adversely af-

fected, thereby increasing their vulnerability to mental
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health challenges.

Although studies on the relationship between water-
front spaces and residents’ mental health have achieved
some progress, several limitations remain: (1) Existing em-
pirical studies mostly focus on the analysis of physical en-
vironmental characteristics, and pay little attention to the
role of social environmental elements, so that a systematic
set of environmental indicators has yet to be established,
(2) In terms of study areas, most research focuses on
coastal spaces, while inland riverside spaces remain under-
explored; (3) Methodologically, most studies employ linear
or logistic regression models to analyze correlations be-
tween riverside environments and residents ’ mental
health, while exploration of the causal pathways through
which waterfront environmental elements affect mental
health is limited; (4) Research on the health benefits of
waterfront spaces under specific climatic contexts remains
insufficient. Based on the above, this study takes the win-
ter riverside spaces along the Songhua River in Harbin as
the research object, constructs a structural equation model
(SEM) of perception of winter riverside environments, in-
troduces older adults’ behavioral activities in winter river-
side spaces as mediating variables, and conducts a quanti-
tative analysis of the variables affecting older adults’
mental health in winter, as well as the mediating effects of
different behavioral activities. This study aims to examine
the mechanisms through which perceptions of winter riv-
erside environments in cold-region cities affect the mental
health of older adults, thereby providing a scientific basis
for improving their mental well-being and for the planning
and design of winter riverside environments in cold-region
cities.

1 Research methodology

1.1 Model construction and research hypotheses

1.1.1  Construction of the indicator system

The environment that influences individual mental
health includes both the social environment and the physi-
cal environment [ 29]. Drawing on existing domestic and
international studies, this research integrates the waterfront
environmental elements that influence older adults’ men-

tal health and classifies them based on the characteristics

of winter riverside spaces in cold-region cities. It ultimate-
ly identifies the following four categories of environmen-
tal elements: social elements, landscape elements, comfort
elements, and activity elements. In cold-climate regions,
the social environment influencing older adults in winter
is primarily shaped by social elements. Drawing on prior
studies and preliminary interviews, four indicators were i-
dentified to define the social elements of winter riverside
spaces: perceived liveliness of the site, sense of belonging,
cultural identity, and retail presence in on-ice spaces. The
physical environment, in contrast, is influenced by land-
scape, comfort, and activity elements. Specifically, a beau-
tiful landscape environment greatly encourages residents
to engage with nature and stimulates positive emotions
[30]. Moreover, seasonal factors significantly affect urban
color conditions [ 31]. Therefore, this study selects four
indicators for landscape elements: on-ice landscape condi-
tions, waterfront landscape conditions, near-water land-
scape conditions, and winter color conditions. A safe and
easily accessible physical environment can promote resi-
dents’ mental health [32]. On this basis, considering that
outdoor activities in cold-region cities should not last long
during winter, three indicators were selected as comfort el-
ements, namely walking safety in winter, accessibility of
the site in winter, and resting suitability of facilities in
winter. Abundant and diverse activity spaces are the foun-
dation for attracting people to engage in healthy activities
[33]. Therefore, three indicators were selected as activity
elements: diversity of activity spaces, water proximity of
activity spaces, and adequacy of activity spaces.

Older adults’ behavioral activities are closely related
to their mental health[ 34 ]. Based on field observation re-
cords, 20 types of wintertime behavioral activities of older
adults in the southern riverside spaces of the Songhua
River were identified. Referring to the suggestions of
Pasanen T. P. et al. [35], and considering the characteris-
tics of older adults’ activities in cold-region cities, these
were categorized into 3 types and 9 forms: near-water ex-
ercise, waterfront interaction, and other leisure activities
(Figure 1). Near-water exercises include walking, equip-
ment-based exercises, and stretching, among other types.

Waterfront interactions include in-water, on-ice, and wa-
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terside activities. Other leisure activities include individu-

1.Walking Exercise

Near-water Exercise
Activities

Running

2.0n-ice interaction

Wateriront Interaction

On-ice ph-utography

Other Leisure Activities

O TSNS
Stopping to watch

e —

Strolling

Sitting and resting

Grandchildren

Figure 1

1.1.2  Construction of the conceptual model

Based on the Active Living Ecological Model[ 36],
this study incorporates winter climatic factors, selects
three common types of winter activities of older adults—
near-water exercise, waterfront interaction, and other leis-
ure activities—as mediating variables, and takes older a-
dults’ mental health as the dependent variable to construct
a theoretical framework of perception of winter riverside
environments (Figure 2). The conceptual model posits that
perceptions of the physical and social environmental ele-
ments of riverside spaces are directly or indirectly related
to older adults’ mental health. These environmental ele-
ments influence older adults’ activities, thereby affecting
their mental health. Therefore, older adults’ activities
serve as mediating variables in the relationship between
the riverside space environment and their mental health.
The model hypotheses are as follows:

HI1: Perceptions of environmental elements in winter
riverside spaces have a significant positive effect on older
adults’ behavioral activities;

Hla: Perceptions of social elements in winter river-

http: / www.viserdata.com/journal/jsa

Using exercise equipment

Playing ice spinning top

al, family, and social leisure activities.

3.Stretching Exercise

:"'--.:'_ )

Whip swinging  Practicing Tai Chi

Playing table tennis

3, Near-water Interaction

T e — ~ .
Photography by the river Stopping by the riverside

On-ice strolling

2,Family leisure

or relatives

Classification of older adults’ behavioral activities in winter riverside spaces

side spaces have a significant positive effect on older a-
dults’ behavioralactivities;

H1b: Perceptions of landscapeelements in winter riv-
erside spaces have a significant positive effect on older a-
dults’ behavioral activities;

Hlc: Perceptions of comfort elements in winter river-
side spaces have a significant positive effect on older a-
dults’ behavioral activities;

H1d: Perceptions of activity elements in winter river-
side spaces have a significant positive effect on older a-
dults’ behavioral activities;

H2: Perceptions of environmental elements in winter
riverside spaces have a significant direct positive effect on
older adults’ mental health;

H2a: Perceptions of social elements in winter river-
side spaces have a significant direct positive effect on ol-
der adults’ mental health;

H2b: Perceptions of landscape elements in winter riv-
erside spaces have a significant direct positive effect on
older adults’ mental health;

H2c: Perceptions of comfort elements in winter river-

side spaces have a significant direct positive effect on ol-
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der adults’ mental health;

H2d: Perceptions of activity elements in winter river-
side spaces have a significant direct positive effect on ol-
der adults’ mental health;

H3: Older adults’ behavioral activities significantly

mediate the relationship between perceptions of environ-
mental elementsin winter riverside spaces and their mental
health;

H4: The mediating effects of different types of behavioral

activities in winter riverside spaces vary significantly.
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Figure 3 Study area and survey units

1.2 Questionnaire design and distribution

1.2.1 Area ofstudy

The site selected in this study is the southern river-
side of the Songhua River in Harbin, stretching from
Yangmingtan Bridge to Songpu Bridge. The Songhua Riv-

er flows from the southwest to the northeast through Har-

bin’ s urban area. Its southern riverside, with attractive
landscapes and abundant activity venues, serves as one of
the most important leisure spaces to support the public
life, social interaction, and recreational activities of local
residents. As a typical cold-region city, Harbin has a harsh

winter climate that has a profound impact on both the ur-
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ban riverside landscape and the physical and mental health
as well as activity choices of older adults. Consequently,
riverside spaces face problems in planning, design, and
management, such as monotonous design expression, in-
sufficient expression of regional cultural elements, and
limited site attractiveness.

In this study, the site was categorized based on the
forms, facilities, and other environmental characteristics of
winter riverside spaces, including on-ice, waterside, and
near-water spaces, into five survey units: Songpu Bridge-
Jingjie, Stalin Park, Jiuzhan Park, Gonglu Bridge-Shangjiang
Road, and Music Park (Figure 3). These survey units in-
clude planar urban riverside parks, linear riverside walk-
ways, and point-type riverside plazas, which collectively
reflect the construction level of riverside spaces along the
Songhua River and serve as representative examples a-

mong cold-climate city waterfronts.
1.2.2 Datasources

In November 2021, a pilot survey was conducted on
the southern bank of the urban section of Harbin along the
Songhua River, during which 42 valid questionnaires were
collected. The questionnaire was subsequently optimized
and adjusted based on the findings of this survey. Consid-
ering the particular characteristics of the winter climate in
cold-climate cities, and incorporating factors such as the
COVID-19 pandemic, weather, and temperature, the survey
period was ultimately scheduled for mid-to-late December
2021. In each survey unit, 70 questionnaires were distribu-
ted using a convenience sampling method (encounter
method), resulting in a total of 350 questionnaires across
the five units. After collection and sorting, 25 question-
naires with missing or identical answers and 13 question-
naires indicating “serious illness” in health status were
excluded, resulting in 312 valid questionnaires: 62 from
Jiangpan Road, 63 from Stalin Park, 64 from Jiuzhan Park,
61 from the East of Youyi Road, and 62 from Music Park.
The effective response rate was 89.14% . Analysis of the
312 questionnaire samples indicates that the gender ratio
of respondents is nearly balanced at 1:1. The distributions
of age, educational attainment, and income level approxi-
mate a normal distribution, suggesting that the sample data

are highly representative.
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1.2.3  Questionnaire design and variable measurement

The questionnaire used in this study consists of four
sections: (1) basic personal information of older adults; (2)
characteristics of older adults’ behavioral activities in riv-
erside spaces; (3) a mental health scale for older adults;
and (4) a perception scale of the winter riverside environ-
ment. The first section covers demographic and health-re-
lated information such as gender, age, education level,
monthly personal income, household composition, physi-
cal health status, and satisfaction with physical health.
These individual characteristics that may influence health
were included as control variables in this study. The sec-
ond section investigates the behavioral characteristics of
older adults in riverside spaces during winter and other
seasons. The duration of older adults’ near-water exercise,
waterfront interaction, and other leisure activities in winter
were selected as mediating variables. The third section in-
vestigates older adults’ mental and emotional health over
the past two weeks, which serves as the dependent variable
in this study. The mental health scale for older adults is
based on the * Warwick-Edinburgh Mental Well-being
Scale” developed by Tennant et al [37]. The scale com-
prises 14 items that reflect three dimensions of mental
well-being: positive emotions, positive psychological
functioning, and satisfaction with interpersonal relation-
ships. The total score ranges from 14 to 70, with higher
scores indicating higher levels of positive mental health.
The reliability and validity of the Chinese version have
been effectively verified [ 38]. The fourth section serves as
the core independent variable measurement for this study.
A measurement scale for perception of riverside environ-
ment was developed by reviewing existing literature and
related existing scales. This scale reflects subjective per-
ception of the winter riverside environment through four
characteristic dimensions: social, landscape, comfort, and
activity elements. Respondents evaluated specific environ-
mental elements according to their subjective impressions
(see Table 1). Both scales in the questionnaire adopt the 5-

point Likert scale.
1.3 Research and analysis methods

This study aims to empirically analyze the relation-

ship between perceptions of the winter riverside environ-
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ment and older adults’ mental health. As indicated by the
conceptual model presented earlier, the model contains
multiple variables, including dependent variables, and in-
cludes certain environmental perception variables that are
difficult to observe or measure directly. Conventional mul-
tiple regression analysis methods are inadequate for ad-
dressing the interrelationships among multiple variables
across different dimensions. In contrast, the structural e-
quation model (SEM), an advanced quantitative statistical
method that integrates techniques such as Analysis of Va-
riance (ANOVA), regression analysis, and path analysis, is
capable of analyzing and handling complex multivariate
relationships. It allows for the measurement of unobserv-
able or hard-to-measure variables as latent variables and
enables multiple mediation analyses. Therefore, this study
adopts the structural equation modeling approach as the
primary analytical method.

Table 1 Variable definitions and descriptive statistics

2 Data analysis
2.1 Descriptive statistics of the sample

Statistical analysis was conducted on the valid survey
samples, with male respondents accounting for 50.64%
and female respondents 49.36% . Most respondents were
aged 66-70, with the majority having completedhigh
school or technical secondary education, followed by those
with junior high, college, university, or primary education.
The majority reported a personal monthly income between
3,000 and 8,000 Yuan, and most of them lived with their
spouses. In addition, the survey results indicate that the
largest proportion of respondents classified themselves as

'y

“relatively healthy,” and overall satisfaction with personal
health was high, with 93.59% expressing neutral or posi-

tive satisfaction (see Table 2).

. o . Standard
Category Index Variable definitions and measurement coding Mean o
deviation
Gender Female= 0; Male= 1 0.506 0.501
Age 55—60= 1; 61— 65= 2; 66—70= 3; 71—75= 4> 75= 5 3.099 1.288
Primary or below= 1; Junior high= 2; High school/technical= 3; College/under-
Education level 2.622 1.035
graduate or above= 4
Individual Monthly personal income < 3000= 1; 3000— 5000= 2; 5000— 8000= 3;> 8000= 4 2.365 1.028
Altributes . Living alone= 1; Living with spouse= 2; Living with children= 3; Living with
Household composition . . 2712 1.303
grandchildren= 4; Three-generation household= 5
Health status Very healthy= 1; Relatively healthy= 2; Average= 3; Relatively poor= 4 2.057 0.828
. . Extremely satisfied= 1; Mostly satisfied= 2; Average= 3; Mostly dissatisfied= 4;
Health satisfaction o 1913 0.923
Extremely dissatisfied= 5
Average daily duration of near-water exercise in riverside spaces over the past
Y1 Near-water Exercise 3.430 0.929
week (1= < 0.5hto 5= > 2 h)
Behavioral . . Average daily duration of waterfront interaction in riverside spaces over the past
o Y2 Waterfront interaction 3.300 0.966
activities week (1= < 0.5hto 5= > 2 h)
. o Average daily duration of other leisure activities in riverside spaces over the past
Y3 Other leisure activities 3.390 1.070
week (1= < 0.5hto 5= > 2 h)
I am optimistic about the future; I feel relaxed; I feel valuable; I am interested in
Mental Health Z1 Positive Emotion . . . 4.032 0.956
new things; I feel energetic (1= Never to 5= Always, averaged across items)
. . I can handle problems well; My mind stays clear; I generally feel good about my-
Z2 Positive psychological .
o self; I am confident; I can make decisions on my own (1= Never to 5= Always, 4.158 1.002
Functioning .
averaged across items)
Z3 Satisfaction with I enjoy interacting with others; I feel close to others; I feel cared for; I feel happy 3885 1,090
interpersonal relationships (1= Never to 5= Always, averaged across items) ' ’
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(Continued)
. . . Standard
Category Index Variable definitions and measurement coding Mean o
deviation
X1 Sense of Many acquaintances in the space and harmonious interactions (1= Extremely dis- 3545 1004
belonging satisfied to 5= Extremely satisfied) ’ ’
X2 Perceived Busy and bustling with high pedestrian flow (1= Extremely dissatisfiedto 5= Ex- 3712 1038
Social liveliness of site | tremely satisfied) ’ ’
clements X3 Cultural Strong regional cultural characteristics (1= Extremely dissatisfied to 5= Extreme- 3683 0.970
identity of site ly satisfied) ’ ’
X4 Retail presence | Number and types of retail formats in the on-ice space (1= Extremely dissatisfied 3426 1163
in on-Ice spaces | to 5= Extremely satisfied) ’ ’
X5 Waterfront Varied shoreline forms and ecologically friendly revetments (1= Extremely dis- 3676 118
landscape conditions | satisfied to 5= Extremely satisfied) ' '
X6 On-ice lands- | Rich and attractive ice scenery (1= Extremely dissatisfied to 5= Extremely satis- 3201 1103
Landscape | cape conditions | fied) ’ ’
clements X7 Near-water Pleasant and rich near-water landscapes (1= Extremely dissatisfied to 5= Ex-
Subjective .. . 3.131 1.157
Landscape Conditions| tremely satisfied)
Perceived
. X8 Winter . . o .
Environment . Rich environmental colors (1= Extremely dissatisfied to 5= Extremely satisfied) 3.442 1.090
color conditions
X9 Walking o . o .
. Anti-slip surface materials (1= Extremely dissatisfied to 5= Extremely satisfied) 3.599 0.946
safety in winter
Comfort | X10 Accessibility | Convenient access to riverside spaces (1= Extremely dissatisfied to 5= Extremely 3.587 0.930
elements in winter satisfied) ’ ’
X11 Resting suita- | Sufficient and comfortable indoor rest facilities (1= Extremely dissatisfied to 5= 3.788 1005
bility in winter Extremely satisfied) ’ ’
X12 Variety of Various types of activity facilities (1= Extremely dissatisfied to 5= Extremely 3304 118
activity spaces satisfied) ’ ’
Activity | X13 Water proximity| High degree of water accessibility (1= Extremely dissatistied to 5= Extremely 305 1013
elements | of activity spaces | satisfied) ' ’
X14 Adequacy Appropriate area and sufficient facilities (1= Extremely dissatisfied to 5= Ex- 3516 1,209
of activity spaces | tremely satisfied) ’ ’

The survey found that 62.82% of respondents en- that activity types are more numerous in other seasons

gaged in riverside activities seven or more times per week than in winter, while 59.61% reported that they visit river-
during winter, of whom 18.36% visited twice daily. The side spaces more frequently in other seasons than in win-
majority of participants, at 78.52%, reported an average ter.
activity duration of 1 to 1.5 hours per session. In terms of In this study, the average self-ratedmental health
activity types during the previous week, 80.77% of the ol- score among the respondents was 56.5. A total of 38.14%
der adults participated in near-water exercise, 47.44% en- of them reached the threshold for high mental well-being
gaged in waterfront interactions, and 21.47% took part in (with 60 points designated as the recommended cutoff).
other leisure activities. Furthermore, the data analysis indi- Positive mental functioning had the highest mean score,
cates that in winter, activity frequency declines compared followed by positive emotions, while satisfaction with in-
with other seasons, activity types are significantly fewer, terpersonal relationships scored the lowest. Interviews re-
and activity duration is also reduced. Specifically, re- vealed that the older adults who regularly visited riverside
spondents’ average activity frequency in other seasons spaces adapted better to changes in social roles, experi-
was 13.8 times per week, compared with 7.14 times per enced less loneliness and anxiety, and exhibited better
week in winter. A total of 56.09% of respondents stated mental health.
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Table 2 Basic information on the survey sample (N=312)

Basic Info Category Proportion/%
Male 50.64%
Gender
Female 49.36%
55— 60 14.42%
61— 65 17.63%
Age 66— 70 28.85%
71—175 21.79%
> 75 17.31%
Primary or below 17.31%
Education Junior high 27.56%
level High school / technical secondary school 30.77%
College / undergraduate or above 24.36%
< 3000 yuan 24.36%
Monthly personal 3,000— 5,000 yuan 31.41%
income 5,000— 8,000 yuan 27.56%
> 8,000 yuan 16.67%
Living alone 14.42%
Living with spouse 42.31%
Household . - -
o Living with children 18.59%
composition
Living with grandchildren 7.05%
Three-generation household 17.63%
Excellent health 25.64%
Good health 48.72%
Health status Fair health 19.87%
Poor health 5.77%
Severe illness 0%
Extremely satisfied 38.14%
Mostly satisfied 40.06%
Health
. . Average 15.38%
satisfaction
Mostly dissatisfied 5.13%
Extremely dissatisfied 1.28%

2.2 Modeltesting

2.2.1 Reliability and validity analysis

Based on valid questionnaire data, SPSS 25.0 was
used to conduct KMO and Bartlett’s sphericity tests on all
variables. The results show that the KMO value was 0.924
(reference> 0.7) and the significance value in Bartlett’ s
test was p< 0.001 (reference< 0.05), indicating that the
variables were suitable for factor analysis. Based on this,
the measurement model was subjected to reliability and

validity testing. Only one observed variable had a stand-

ardized coefficient slightly below 0.5, while all others ex-
ceeded 0.5, indicating that the measurement variables for
each dimension effectively capture the latent traits of their
respective dimension. The Cronbach’s o coefficients for
all dimensions were above 0.7, demonstrating that the
questionnaire data possessed good reliability. The compos-
ite reliability (CR) values for all dimensions exceeded 0.7,
suggesting that the observed variables of each latent con-
struct had internal consistency. The average variance ex-
tracted (AVE) values for most dimensions were above 0.5,
with a few approaching 0.5, indicating that the measure-
ment model exhibited good convergent validity (see Table
3). Moreover, the square root of the AVE for each latent
variable exceeded its correlation coefficients with other la-
tent variables, confirming that the measurement model

demonstrated discriminant validity among dimensions.
2.2.2 Model fit and path analysis

Using maximum likelihoodestimation, parameter esti-
mation and goodness-of-fit testing were performed on the
conceptual model. The fit indices are as follows (Table 4):
X?*/df= 2.759, SRMR= 0.065, RMSEA = 0.075, GFI=
0.872, AGFI= 0.827, IFI= 0.919, CFI= 0.918, and TLI=
0.899. Generally, model similarity indices are considered
acceptable when greater than 0.9, with values between 0.8
and 0.9 deemed tolerable; dissimilarity indices are consid-
ered acceptable when below 0.08. In this study, all model
fit indices met the required criteria, indicating that the o-
verall model demonstrates good goodness-of-fit. Path a-
nalysis results (Figure 4) show that hypotheses H2c (the
perception of comfort elements has a significant direct
positive effect on mental health) and H2d (the perception
of activity elements has a significant direct positive effect
on mental health) were not supported. Hla exhibited a sig-
nificant negative effect, indicating that social elements re-
duced older adults’ behavioral activities in winter, while
all other hypotheses were supported.

2.2.3 Mediating effect testing

This study employed the Bootstrap method to exam-
ine the mediating role of behavioral activities between the
perception of winter riverside environments in cold-region

cities and the mental health of older adults. Following the

recommendations of WEN Zhonglin et al. [39], 2,000
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Bootstrap samples were set, and a 95% confidence level
was used for iterative sampling. The results indicated that
the mediating effect was partial. From the perception of
winter riverside environmental elements to older adults’
mental health, three paths exist: near-water exercise, wa-
terfront interaction, and other leisure activities. Therefore,
the three mediating variables were tested using the MacKi-
nnon method to determine the significance of the paths.

Sense of belonging
to the site e

0.846

;
tha site environment [~—() 726

Social

The analysis indicated that at a 95% confidence level, the
prodclin confidence intervals did not include zero, confir-
ming the significance of all three mediating paths. That is,
older adults’ behavioral activities in winter significantly
mediated the effects on mental health, whereby perceptions
of the winter riverside environment influenced mental
health through near-water exercise, waterfront interaction,

and other leisure activities.

Eloments

ntity of the sl

0.729
Retail presence
in on-ice spaces

0).354***

Landscape conditions
of near-water spaces |

Landscape conditions
of on-ice spaces
Landscape conditions
of waterside spaces
Winter environmental
calor conditions

|
in winter

0.775
0.827
0.792
0.762

Landscape

Near-water Exercize

0,085

0.091%**
0191

Waterfront Interaction

0.276*%* Other Leisure Activities

0.333**

(J@ .].5 ' []'033i'k*
in winter
Vari .
TIV6T i Mental " T
o o (e
activity spaces personal relationship

Figure 4 Standardized parameter estimates of winter riverside environmental perception affecting older adults’ mental health

* Note: “ p <<0.01;

Table 3 Reliability and validity of scales

* p<<0.05; ** p<<0.001.

Latent Variables Observed variables Standardized coefficients Cronbach’s « CR AVE
X1 0.723
X2 0.802

Social elements 0.849 0.854 0.594
X3 0.724
X4 0.828
X5 0.742
X6 0.819

Landscape elements 0.868 0.868 0.623
X7 0.827
X8 0.765
X9 0.465

Comfort elements X10 0.801 0.734 0.762 0.531
X11 0.857
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(Continued)
Latent Variables Observed variables Standardized coefficients Cronbach’s « CR AVE
X12 0.584
Activity elements X13 0.775 0.721 0.733 0.481
X14 0.707
Y1 0.724
Behavioral activities Y2 0.816 0.765 0.772 0.533
Y3 0.640
Z1 0.710
Mental health z2 0.868 0.815 0.820 0.604
Z3 0.745
Table 4 Model fit indices
Fit indices X2/df SRMR RMSEA GFI AGFI IFI CFI TLI
Reference values <3 < 0.080 < 0.080 > 0.90 > 0.90 > 0.90 > 0.90 > 0.90
Test values 2.759 0.065 0.075 0.872 0.827 0919 0918 0.899
Fit evaluation Good Good Good Approved Approved Good Good Approved

3 Influence mechanism of perception of winter river-
side environment on older adults’ mental health
3.1 Influence of perception of winter riverside environment

on older adults’ mental health

When individualfactors are taken into account, the
perception of winter riverside environments in cold re-
gions had a significant effect on older adults’ mental
health, with improvements in each variable exerting direct
or indirect effects on mental health outcomes. Based on
the total effect value on older adults’ mental health, the
influence magnitude follows: landscape elements (0.499)>
social elements (0.304)> comfort elements (0.220)> activi-
ty elements (0.140). These constitute four key dimensions

of winter riverside spaces.

3.1.1 Perception of social elements

The perception of social elements can affect mental health
directly (3= 0.354, p < 0.001) or indirectly through influencing
waterfront interaction (8= — 0.128, p < 0.01) and near-water
exercise (3= —0.152, p < 0.01). Interview analysis indicates
that a sense of place-based spiritual belonging and cultural i-
dentification exert significant effects on the mental health of
older adults. A high number of acquaintances and harmonious
interactions, as key sources of place-based spiritual belonging,
promote social engagement in other leisure activities, extend

activity duration, facilitate participation in organized near-water

exercise, reduce loneliness, and encourage joint participation in
waterfront interaction, thereby enhancing positive emotions and
satisfaction with interpersonal relationships. A strong regional
cultural atmosphere enhances older adults’ cultural identification
with the site, thereby increasing the frequency of riverside activi-
ties and promoting positive mental health outcomes. Contrary to
previous studies, the perception of social elements has a signifi-
cant negative effect on the behavioral activities of older adults.
This may be due to the lively atmosphere of the site and the re-
tail presence in on-ice spaces. On the one hand, under the COV-
ID-19 pandemic, a lively environment can trigger older adults’
concerns about virus transmission, thereby limiting their activity
choices; on the other hand, retail commerce in on-ice spaces may
lead to mixed crowds, which affects the activity experience of the

older adults and the achievement of their activity goals.
3.1.2 Perception of landscape elements

The perception of landscape elements can directly in-
fluence mental health (3= 0.564, p < 0.001) or indirectly
through affecting older adults’ waterfront interaction (=
0.224, p < 0.05). Among the landscape elements, the path
coefficients for “on-ice landscape conditions” and “near-
water landscape conditions” were relatively high, indica-
ting that older adults place greater importance on on-ice
and near-water spaces among all riverside spaces in winter.
Based on previous research, in cold-region cities during

winter, the climate causes trees to wither and be covered
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by snow and ice, which greatly reduces landscape diversi-
ty. This in turn significantly lowers older adults’ willing-
ness to engage in outdoor activities, so their frequency and
duration of going out in winter are much lower than in
other seasons. This requires that, when planning and de-
signing winter waterfront spaces, greater attention should
be given to the landscape design of ice spaces and near-
water spaces. Other factors, such as waterside landscape
conditions and winter environmental color, also play im-
portant roles in attracting older adults to riverside activi-

ties and influencing mental health.
3.1.3 Perception of comfort elements

The perception of comfort elements exerts a signifi-
cant positive influence on older adults’ mental health via
mediating effects. Specifically, comfort elements affect-
mental health by influencing older adults’ near-water ex-
ercise (f= 0.114, p < 0.001) and other leisure activities (3
= 0.333, p < 0.001). Among all observed variables, “walk-
ing safety in winter” had the highest path coefficient, indi-
cating that safety is the most influential factor on older a-
dults’ activities and mental health in winter. Survey find-
ings reveal that “resting suitability in winter” determines
residents’ duration of stay in riverside spaces. Respond-
ents prefer to remain in areas with comfortable tempera-
tures and indoor resting facilities. Meanwhile, “accessibili-
ty in winter” is another important factor influencing older
adults’ frequency of visits to riverside spaces.

3.1.4 Perception of activity elements

Perceived activity elements significantly and posi-
tively influence older adults’ mental health, mediated by
behavioral activity. Specifically, activity elements influ-
ence older adults’ near-water exercise (3= 0.191, p <
0.001), waterfront interaction (= 0.276, p < 0.001), and
other leisure activities (= 0.175, p < 0.001) in riverside
spaces. Among the dimensions of activity elements, the
factor “variety of activity spaces” had the largest path co-
efficient. Combined with interview analyses, the variety of
fitness facilities and sports venues remains the most attrac-
tive factor for older adults, and can greatly promote near-
water exercise, and thereby generate positive mental health
effects. “Water proximity of activity spaces” is an impor-

tant consideration for older adults engaging in waterfront

http: / www.viserdata.com/journal/jsa

interaction. Respondents prefer riverside spaces with high-
er proximity to water. “Adequacy of activity spaces” pro-
vides conditions for older adults to engage in other leisure

activities in riverside spaces.

3.2 Analysis of the mediating effect of older adults’ behav-

ioral activities on mental health

Taking waterfront interaction as the mediating variable is
the most effective pathway through which riverside environ-
ments generate mental health benefits. Near-water exercises are
the second most effective, and other leisure activities have the
least effect. The mediating effect analysis results are 0.114, 0.
089, and 0.017 respectively (see Table 5). Across the pathways,
the mediating effects of the three types of behavioral activities
are relatively small but exhibit significant differences. Specific-
ally, near-water exercises play a significant mediating effect in
the relationship between social, comfort, and activity elements
and mental health. This indicates that winter riverside spaces
with favorable perceptions of these elements can promote older
adults’ participation in near-water exercise, thereby enhancing
their mental health to some extent. Waterfront interaction sig-
nificantly mediates the relationship between social, landscape,
and activity elements and mental health. It suggests that winter
riverside spaces with favorable perceptions of these elements
can stimulate older adults” waterfront interaction, thereby alle-
viating negative emotions and benefiting mental health. Other
leisure activities play a significant role in mediating the rela-
tionship between comfort and activity elements and mental
health. This indicates that older adults” winter leisure activities
are highly dependent on these elements. Well-designed winter
riverside spaces with favorable conditions of these elements can

stimulate older adults to engage in other leisure activities.

4 Conclusions and discussion

4.1 Conclusions

As indicated by the results presented above, some as-
pects of Hypotheses H1 and H2 were supported, while Hy-
potheses H3 and H4 were fully supported. Among them,
Hla was not supported; the perception of social elements
in riverside spaces in winter by older adults in cold-region
cities exerts a significant negative impact on their behav-
ioral activities. H2c and H2d were not significant, indica-

ting that perceptions of comfort and activity elements do
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not have a significant direct effect on mental health. From

the analysis, the following conclusions are drawn:

Table 5 Mediating effects of behavioral activities between perception of winter environmental elements and mental health (N=312)

Total Direct Total indirect Indirect effects
Paths Tested

effect effect effect Near-water exercise | Waterfront interaction| Other leisure activities
Perception of social elements — mental health 0.303"" 0.331"" - 0.028" - 0.013" - 0018 0.003
Perception of landscape elements — mental health | 0.499"** 0.476"" 0.023"" 0.011 0.022"" - 0010
Perception of comfort elements — mental health 0.220" 0.055 0.165™" 0.067" 0.082 0.016™
Perception of activity elements — mental health | 0.140" 0.080 0.060"" 0.024™" 0.028"" 0.008"
Perceptionof winter environmental elements —> .. . . " » .

1.162 0.942 0.220 0.089 0.114 0.017

mental health

Note: *** p< 0.001, ** p< 0.05,* p< 0.01.

1) When individual characteristics are controlled, the
perception of winter riverside environments in cold-region
cities has a significant impact on older adults’ mental
health. Landscape, social, comfort, and activity elements
all have significant positive effects, ranked in descending
order of influence.

2) Perceptions of riverside spaces in winter affect older a-
dults” mental health either directly or througha mediating
effect. Specifically, perceptions of social and landscape ele-
ments can both exert direct and indirect effects through behav-
ioral activities, whereas perceptions of comfort and activity ele-
ments influence mental health only indirectly, through their im-
pact on behavioral activities. In addition, perceptions of river-
side environments in winter have a significant direct effect on
older adults’ mental health.

3) The mediating effects of different types of older a-
dults’ behavioral activities between perceptions of the
winter riverside environment and their mental health were
confirmed. The mediating effect of waterfront interaction
is the strongest, followed by near-water exercise, while

other leisure activities exert the weakest effect.
4.2 Discussion

In summary, the following recommendations are pro-
posed for the planning and design of waterfront spaces in
cold-region cities in winter: 1) Enhance the attractiveness
of near-water spaces for winter. First, fully consider safety
by ensuring the site is level and has good anti-slip proper-
ties. Second, in terms of winter landscape, make reasona-
ble use of color design to highlight seasonal landscape
features and enhance the unique aesthetic experience of

waterfront spaces in cold-region cities in winter. Finally, in

terms of micro-level spatial layout, planners should fully
consider the current conditions of the space and the winter
activity preferences of older adults, and adapt to local cir-
cumstances to create different forms of activity spaces.
Building warm pavilions, windbreaks, and other indoor
rest facilities can create a relatively comfortable activity
environment; (2) Improve the interactivity of winter water-
side spaces. On the one hand, temporary railings and barri-
er-free facilities should be added to meet the needs of ol-
der adults of different ages and physical conditions for en-
gaging with water, and use climate-friendly materials with
gentle texture and low thermal conductivity to improve the
age-friendliness of riverside spaces in winter. On the other
hand, while safety is ensured, the forms of the shoreline
should be diversified to create varied spaces for waterfront
interaction; (3) Improve the accessibility of on-ice spaces
in winter. At the city level, overall planning guidance for
existing ice spaces should be strengthened to address the
problem of too few reserved activity areas, which hinders
on-ice activities. At the district level, functional zoning of
on-ice spaces in winter should be improved to ensure that
retail commerce brings vitality while avoiding interference
with older adults’ ice activities. (4) Coordinate on-ice, wa-
terside, and near-water spaces. Achieve a value-oriented
shift for riverside spaces in winter: through the coordina-
ted design of these three spaces, shape the landscape char-
acteristics of cold-region cities’ riverside spaces, highlight
the narrative of the overall landscape, and demonstrate the
aesthetic value of riverside spaces. By incorporating ice-
and-snow culture, planners can create a unique cultural at-
mosphere in cold-region riverside spaces, further strength-

ening older adults’ local attachment and identity, and en-
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hancing the cultural value of riverside spaces. Fully con-
sider the spatial requirements of older adults’ activities.
Provide open spaces, diverse activity facilities, and organ-
ize regular events to enrich older adults’ routines in win-
ter and demonstrate the social value of riverside spaces.
On this basis, health interventions for older adults can be
achieved through riverside spaces.

Under the “Healthy China” initiative, it has become a
consensus that environmental support can promote im-
provements in residents’ health. This study investigated
the pathways through which perceptions of waterfront en-
vironments in cold-region cities in winter affect the mental
health of older adults. It identified the differential media-
ting effects of near-water exercise, waterfront interaction,
and other leisure activities, and offers new insights for the
optimization and enhancement of riverside spaces in cold-
region cities in winter. Nevertheless, this study has several
limitations. First, the survey area and sample size were
limited, as only the Songhua River section in Harbin was
examined in depth, so the conclusions may not fully repre-
sent riverside environments in cold-region cities and re-
quire further empirical validation. Second, the representa-
tiveness of the sample of older adults remains to be im-
proved: although random encounter sampling was conduc-
ted across different survey units, the concentrated survey
period led to some uncertainty in the final sample struc-
ture. Third, in terms of indicator selection, only the envi-
ronmental elements subjectively perceived within the site
were considered, while objective environment elements in
the surrounding area that may affect older adults’ behav-
ior and mental health were not included. These issues

should be addressed in future studies

Sources of Figures and Tables
All figures and tables in this paper are prepared by the au-

thors.
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ABSTRACT: Park green space is an important part of the urban natural ecosystem and public service facilities. The accessibility index of park green
space can characterize the difficulty of using park green space for residents. In addition, it is an important index that reflects the rational layout and
fair use of park green spaces. With the rapid development of urbanization, the unrestrained expansion of construction land, and the continuously in-
creasing demands of the population have led to a gradual imbalance between the supply and demand of park green spaces. In this study, the spatial-
temporal differentiation characteristics of accessibility of multi-scale park green spaces in Shenzhen under multiple travel modes from 2013 to 2020
were analyzed using the Gaussian two-step floating catchment area (Ga2SFCA) method, which comprehensively considers both supply and demand.
The influencing degree of each factor on the accessibility of park green space was studied with a geographical detector from the global scale,
through which the dominant factors were screened. The spatial differentiation of the action intensity of each dominant factor on the local scale was
investigated using the geographically weighted regression (GWR) model. Results showed that from 2013 to 2020:

1) Within the scope of construction land, the number and area of green parks in Shenzhen increased continuously. The number of community
parks increased the greatest amount, and the area of comprehensive parks expanded the greatest amount. There was an imbalanced distribution pat-
tern, which is characteristic of “more in the west and less in the east”, “from the inner areas to the outer areas”, and expansion from south to north.
2) The demand of residents for park green space was positively correlated with population density. The population density in the western region of
Shenzhen was increasing gradually, and the population density in the eastern region was always low. The high-value area of green space demand ex-
tended gradually from the inner areas to the outer areas. 3) The accessibility of park green space generally presented a rising trend. The proportion
of high-value residential areas was increasing gradually. The accessibility of the outside area became gradually higher than that of the inside area.
The average accessibility of community parks achieved the highest growth rate, while the accessibility of comprehensive parks was basically stable.
The standard deviation of special parks increased the most, and the spatial differentiation was intensified. 4) In 2013, the p-value of all influencing
factors was 0, which passed the 0.01 significance test. In 2020, only the three factors of park area proportion, park entrance and exit density, and
road density passed the 0.01 significance test, indicating that the spatial distribution of park accessibility from 2013 to 2020 was closely related to
green space factors and road factors. The correlations of park accessibility with location, economy, and natural factors presented a downward trend
with the development of science and economy. 5) According to the determination power (q-value) of the dominant factor, the g-values of the propor-
tion of park area, park entrance and exit density, and road density all showed a downward trend on the dynamic level. The factors can be ranked
road density > proportion of park area > park entrance and exit density in terms of action intensity. This revealed that road density was a domi-
nant factor in park accessibility, with an explanatory power of as high as 10%, which was much larger than that of other factors. The park entrance

and exit density and the proportion of park area were important factors for park accessibility. 6) The influences of different factors on the accessibil-
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ity index of park green space have significant spatial differences. Road density (X4) and proportion of park area (X1) had a greater impact in the

eastern study area, while park entrance and exit density (X2) had a greater impact in the western study area. The research enriches perspectives on

green space accessibility. The method of exploring the spatial-temporal differentiation characteristics and influencing mechanism of green space ac-

cessibility not only can be applied to the layout and planning of urban park green spaces, but also provides a reference to analyze other forms of ge-

ographical accessibility.

KEY WORDS: park green space; accessibility analysis; spatial-temporal evolution; gaussian two-step floating catchment area method; influencing

mechanism

Introduction

The park green space is an essential part of the urban
natural ecosystem and public service facilities. They not
only have ecological functions, such as improving the ur-
ban environment[ 1] and reducing the risks of rain and
flooding [ 2], but also social functions, including promo-
ting public health [ 3] and enhancing real estate value [ 4].
The Central Committee of the Communist Party of China
and the State Council proposed the concept of “Health for
All” in the “Healthy China 2030” Plan Outline. Notably,
in the post-pandemic era, the importance of urban green
space in promoting public health has become increasingly
prominent [ 3]. However, with the rapid development of
urbanization, the disorderly expansion of urban construc-
tion land and the surge in population have led to a severe
imbalance between supply and demand of urban park
green spaces | 5. Furthermore, the current urban park
green space assessment in China still primarily uses tradi-
tional quota indicators, such as per capita park green space
area and green coverage rate, as the main standards, which
are difficult to reflect the actual effectiveness of planning
implementation and the rationality of spatial distribution
[6]. The accessibility of park green spaces typically refers
to the difficulty residents face in reaching a park, often
due to obstacles such as distance and time. It is an impor-
tant indicator for measuring the service capacity and spa-
tial configuration of urban park green spaces [ 7].

A review of research by domestic and foreign schol-
ars on the accessibility of park green spaces encompasses
multiple disciplines, including landscape architecture, ur-
ban and rural planning, and geographic information. The
research focus has gradually shifted from the early explo-
ration of the relationship between physical activity and

park accessibility [ 8] to emerging topics such as public

health [ 9], environmental justice [ 10], and green space
equity [ 8, 11, 12]. Public health focuses on the relation-
ship between the accessibility of park green spaces and
residents’ physical health [ 13] and mental health [ 14].
Studies have found that the accessibility of park green
spaces is directly proportional to the frequency of resi-
dents’ contact with parks, so that better park accessibility
can reduce the risk of physical and mental illnesses [ 13].
With research on environmental justice and the accessibili-
ty of park green spaces focusing on the perspective of “ra-
cial differences”, many foreign scholars have found that
wealthy white communities have higher accessibility of
park green spaces and better park facilities than low-in-
come people of color [ 15]. The study of green space equi-
ty has gone through three stages: quantitative equilibrium,
spatial equity, and social equity. In the spatial equity stage,
green space accessibility was introduced to measure the u-
tilization efficiency and spatial allocation of green space
resources [ 16 ]. In the social equity stage, the focus was on
exploring the relationship between the accessibility of
park green spaces and disadvantaged groups, as well as
socioeconomic disparities [ 17, 18]. From the perspective
of research time, most existing studies only explore the
accessibility of park green spaces in a single year [ 19],
and pay little attention to the dynamic configuration and
influencing mechanism of parks in the process of urbani-
zation; in terms of research scale, most studies are conduc-
ted at the city and district levels [ 20, 21, and the differ-
ences between subdistricts in the same city cannot be re-
flected.

There are currently many methods for measuring ac-
cessibility both domestically and internationally. For ex-
ample, the buffer method[22] is simple for calculation,

but does not consider the real road network; the network

http: / www.viserdata.com/journal/jsa
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analysis method [ 23] is based on complete road network
data, but requires high accuracy of the data; the gravity
model [ 7] and the two-step floating catchment area meth-
od [21] cover more comprehensive factors and take into
account the supply and demand relationship. The two-step
floating catchment area method incorporates the concept
of “spatial threshold” based on the gravity model, and has
led to several improved models applicable to different re-
search directions [ 24, 25]. It is considered the optimal
model for measuring green space accessibility [ 26]. For
example, Huang Jiuju et al. used the Gaussian two-step
floating catchment area method with multi-radius to study
the accessibility of park green spaces for different social
groups in Shenzhen [ 27]; Yang Wenyue et al. combined
the application of TIQS to construct a multi-mode two-
step floating catchment area model and explored the
differences in the accessibility of multi-scale park green
spaces and its fairness under three travel modes—walking,
public transport and private cars—in Guangzhou [ 28 J;
Ren Jiayi et al. used the improved Gaussian two-step
floating catchment area method to study the accessibility
of park green spaces under high-density urban walking
conditions, taking Huangpu District of Shanghai as an ex-
ample [ 19].

Previous studies on evaluating the accessibility of
park green spaces have primarily employed standard clas-
sification methods in GIS, such as the natural breaks
method and the quantile method, to assess the level of
green space accessibility. The natural breaks method iden-
tifies data classification intervals and groups similar val-
ues to maximize the differences between classes; quantiles,
on the other hand, require each class to contain an equal
number of elements, which can be misleading. Therefore,
using these classification methods to judge accessibility is
biased. The actual meaning of the result calculated by the
Gaussian two-step floating catchment area method is the
generalized per capita park green space area considering
distance decay, which can be compared with the per capita
park green space area as the basis for evaluating accessi-
bility levels and conducting horizontal comparisons among
different spatial units within the region [21].

There are many methods for studying the influencing

http: / www.viserdata.com/journal/jsa

mechanism, such as the traditional regression model, the
spatial econometric model, the geographic detector, the ge-
ographically weighted regression, etc. The geographic de-
tector model focuses on the difference analysis of global-
scale influencing factors [ 29 ], while the geographically
weighted regression model can reflect the spatial heteroge-
neity of the effect of local-scale influencing factors [ 30].
Combining the two can make the study of the influencing
mechanism more profound and comprehensive. Currently,
these two methods are primarily used in studies on the e-
volution of ecosystem services [ 31], the characteristics of
land use evolution [ 32], and the spatial distribution of tra-
ditional villages and towns [33], but are rarely applied in
the field of park green space and accessibility studies. In
addition, most studies on influencing factors of green
space accessibility focus on green space and the popula-
tion itself, without considering socio-economic factors.
They often use single methods, such as qualitative descrip-
tive analysis and correlation analysis, which cannot quan-
titatively determine the strength of the influencing factors
and the spatial heterogeneity.

Therefore, this paper takes the spatial-temporal dif-
ferentiation ofthe accessibility of park green spaces as its
starting point, and uses Shenzhen, the city with the highest
population density and fastest urbanization process in Chi-
na, as the research object. It employs the Gaussian two-
step floating catchment area method that comprehensively
considers both supply and demand to analyze the accessi-
bility of multi-scale park green spaces under multiple trav-
el modes in 2013 and 2020. Furthermore, it constructs a
composite index system of “green space-transportation-lo-
cation-economy-nature” and integrates a geographic de-
tector and a geographically weighted regression model to
quantitatively express and spatially visualize the influen-
cing mechanism of the spatial-temporal differentiation in
the accessibility of park green spaces in Shenzhen. This
study more clearly and comprehensively reveals the inten-
sity and spatial differentiation patterns of various driving
factors in the urbanization process. The research can pro-
vide decision-making suggestions for park policy formula-
tion and green space system planning in similar cities, ad-

dressing the shortcomings of current studies that primarily
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focus on single time segments and travel modes.

1 Research subjects and data

1.1 Overview of the study area

Shenzhen is a national center for finance, science and
technology, and innovation. It plays a pivotal role in the
development of the Guangdong-Hong Kong-Macao Grea-
ter Bay Area, boasting the highest population density and
urbanization rate in China. It administers 10 administrative
districts and 76 subdistricts. In the early stages of its de-

velopment, thecity was divided into inner and outer areas,

Figure 1

1.2 Datasources and processing

In 2012, Shenzhenissued the Shenzhen Urban Green-
ing Development Plan Outline (2012-2020), which set a
working cycle from 2012 to 2020 and proposed new goals
for future urban greening development. The first batch of
park directory data was officially released in 2013. There-
fore, this paper uses 2013 and 2020 as the research time
frames. The park green space data are based on the Shenz-
hen Park Directory and the Shenzhen Urban Planning
Standards and Guidelines (partially revised in 2019). Park
green spaces within the scope of urban construction land
are categorized into three types: comprehensive parks,
specialized parks, and community parks. The entrances
and exits of large parks, as well as the centroids of small
parks, are extracted to establish a database of park green

spaces. Administrative division data is sourced from the

covering a total of 1,997.47 km’. During the process of ur-
ban development, the government places great importance
on constructing an ecological environment. It has set forth
several strategic goals, such as the “City of a Thousand
Parks” and “Park City” initiatives. In 2019, the number of
parks reached 1,090, and initial results have been achieved.
Green space accessibility is an important indicator of the
rationality of urban planning and construction, and it is of
great significance for improving the quality of residents’

lives and optimizing the allocation of green space re-

sources.
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National Administrative Division Information Query Plat-
form; the road network data is sourced from the Open-
Streetmap website; data on residential communities, com-
mercial service facilities, government facilities, and bus
stops are crawled from Gaode Maps; DEM data comes
from the Resources and Environmental Science Data Cen-
ter of the Chinese Academy of Sciences; population and
GDP data were downloaded from the Worldpop website
and the Geographic Remote Sensing Ecological Network,
respectively, and corrected according to the Shenzhen Sta-

tistical Yearbook to improve data accuracy.

2 Research framework and methodology

2.1 Research framework

Tomore accurately evaluate the actual construction
effectiveness of park green spaces and achieve spatial eq-

uity in green space resources, this paper establishes a

http: / www.viserdata.com/journal/jsa
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three-level research framework: spatial-temporal differen-
tiation of supply and demand levels of park green spaces,
spatial-temporal differentiation of accessibility, and explo-
ration of the influencing mechanism of accessibility (Fig-
ure 2). The spatial-temporal differentiation analysis of
supply and demand levels is conducted from both supply
and demand perspectives, comparing the changes in the
spatial layout, area, quantity, and population density of
park green spaces in 2013 and 2020. The spatial-temporal
differentiation of accessibility is analyzed using the
Gaussian two-step floating catchment area method to cal-

culate the accessibility of multi-scale park green spaces

under multiple travel modes in 2013 and 2020, followed by
a comparative analysis of its differentiation characteristics.
The exploration of the influencing mechanism of accessi-
bility first uses a geographic detector to analyze the rela-
tionship between the accessibility index and the factors of
“green space-transportation-location-economy-nature”, i-
dentifies effective influencing factors, and then uses a geo-
graphically weighted regression model to explore the spa-
tial heterogeneity of the impact of each effective influen-
cing factor on green space accessibility, aiming to provide
differentiated strategies and methodological insights for

future urban green space system planning.
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2.2 Gaussian two-step floating catchment area method

The traditional two-step floating catchment area
methodadopts a “binary” decay function, meaning that ar-
eas within the search radius are completely reachable,
while areas outside the radius are entirely inaccessible.
This does not reflect the actual travel characteristics of
residents. Therefore, this paper employs a Gaussian func-
tion, which better reflects the actual travel patterns of resi-
dents, to enhance the two-step floating catchment area
method. It then explores the accessibility of multi-scale
park green spaces under multiple travel modes, thereby
improving the reliability and accuracy of the research re-
sults. The specific steps are as follows:

Step 1:Use the park entrance or exit as supply point j,

and establish a search domain based on the research

Table 1 Threshold settings for research on park green spaces at all levels

threshold dO for park green spaces at different levels un-
der multiple travel modes (Tables 1 and 2). Calculate the
total population of all demand points k within the search
domain of each supply point j, apply a Gaussian function

for decay, and calculate the service capacity Rj of each

supply point j.

Rj- ) (1
>k € {djk < d0}G(djk,d0)Dk
e 172 + (djk/d0)2
G(djk)= = (djk< d0) 2

In the formula:Dk is the population (persons) at each
demand point k, djk is the distance cost between supply
point j and demand point k, G(djk) is the Gaussian decay
of the distance cost, and Sj is the supply capacity of sup-

ply point j, expressed in park area (m?).

Mode of travel and speed

Comprehensive parks

Specialized parks Community parks

Walking at Skm/h 30min 20min 15min
Cycling at 15km/h 20min 15min 10min
Motor vehicles (speed limits based on road grade) 15min 10min —

Table 2 Speed assignments for roads at all levels

Road grade Highway Expressway

Main road Secondary roads Branch road

80km/h 60km/h

Road speed

40km/h 30km/h 20km/h

Step 2:Establish a search domain with the residential
area as the demand point k and the dO threshold. Find all
the park green space supply points j within the search do-
main and summarize their supply-demand ratio R;. Use a
Gaussian function to decay the ratio and calculate the ac-
cessibility index Ai of the residential area k.

Aj= Gy ™* R; 3

In the formula, G (dkj) is the distance cost after
Gaussian decay, and R; is the sum of the service capabili-
ties of all supply points within the search threshold.

Step 3: Since the accessibility calculated by the
Gaussian two-step floating catchment area method repre-
sents the generalized per capita green space area, this pa-
per uses the method of “whether the ratio of the accessi-
bility of park green spaces to per capita park green space
area is greater than 1” to evaluate the accessibility level
and carry out horizontal comparison of different units in
the region. Areas with a value greater than 1 are consid-

ered to have relatively high accessibility, and areas with a

value less than 1 are considered to have relatively low ac-
cessibility[ 21].
2.3 Geographic detector

The geographic detector is a new tool proposed by
Wang Jinfeng et al.[29] for exploring driving factors and
spatial differentiation. It mainly uses the q value to meas-
ure the magnitude of the driving factor’ s determination

power. Its formula is:

L
E : 2
Nyoh
h=1
No*?

Where q, is the determination power of the influen-

q.= 1- S

cing factor x on the accessibility of park green spaces, and
its value range is [0, 1], h= 1, 2, .., L is the number of
strata of the driving factor; N, and N represent the number
of samples in the region of stratum h and the number of
samples in the whole city, respectively; o7 and ¢ are the
variances of the dependent variables of stratum h and the

whole city, respectively.
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36 CHEN Yuxi, DENG Mengting, WANG Chunxiao/Journal of South Architecture 4:(2025) 30-45

2.4 Geographically weighted regression

Geographically weighted regression (GWR) is a
geostatistical method developed based on the traditional
ordinary least squares (OLS) model, in which spatial char-
acteristics are incorporated into the model through dis-
tance-based weighting. It isparticularly effective for evalu-
ating the spatial heterogeneity of influencing factors [ 34].
The calculation formula is as follows:

yi= Bo(ui,vj)+ Zﬂ_i(UnVi)Xiij € ®)]

-1

Where y; represents tllle accessibility of park green
spaces on the i-th subdistrict, (u;, v;) represents the spatial
geographic coordinates of the i-th subdistrict, B0 repre-
sents the fixed-effect intercept of (u;, v;), X; represents
the j-th influencing factor of accessibility of the i-th sub-
district (j= 1, 2, ..., K), 3; represents the regression coeffi-

cient of X, and ¢, represents the random error.

3 Results and analysis

3.1 Spatial-temporal comparison of green space supply levels

In terms of spatial layout (Figure 3), the park green
space exhibits an uneven distribution pattern with the
characteristics of “more in the west and less in the east”,

“from the inner areas to the outer areas”, and expansion
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from south to north. In terms of the number of parks (Fig-
ure 4), the number of parks in Shenzhen increased from
655 in 2013 to 1,169 in 2020, a relative increase of 78.
47% , with community parks showing the most significant
increase. In terms of park area (Figure 5), the park area in
Shenzhen increased from 55.76 km® in 2013 to 84.42 km’
in 2020, representing a relative increase of 51.40% . Com-
prehensive parks accounted for the most significant pro-
portion of the area. Shenzhen’s core development areas
are primarily located in the earlier-developedinner areas,
such as Futian District, Nanshan District, and Luohu Dis-
trict. These areas serve as hubs for urban functions, inclu-
ding residence, commerce, and administration. The eastern
areas, having been developed later, have fewer park green
spaces. With the implementation of integrated develop-
ment between the inner and outer areas of the Shenzhen
Special Economic Zone, infrastructure construction in the
outer areas has accelerated, and park green spaces have
continued to expand. Among them, community parks—
characterized by their wide distribution and small size—
primarily serve neighborhood residents, resulting in a substan-
tial increase in their numbers. In contrast, comprehensive parks
feature larger service coverage and greater scale, thus showing

a more significant increase in total area.
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Figure 3 Layout of park green space entrances in 2013 and 2020

3.2  Spatial-temporal comparison of green space demand
levels

The demand for park green spaces among residents is

positively correlated with population density. From 2013

to 2020, the population of Shenzhen increased by approxi-

mately 3.4 million. By calculating the ratio of population

to area in each subdistrict, a population density distribu-

http: / www.viserdata.com/journal/jsa

tion map of Shenzhen was obtained. As shown in Figure 6,
from 2013 to 2020, the acceleration of urbanization led to
the gradual development of outer areas, with high popula-
tion density extending from inner to outer areas. Futian,
Luohu, and Nanshan are the core development areas of
Shenzhen, with high population density and high demand.

The population density in Bao’ an District, Longhua Dis-
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trict, and Guangming District in the west has gradually in-
creased, and the demand level has risen accordingly. The
development and construction of Yantian District, Long-
gang District in the east, and Dapeng District were slower,
with lower population density and lower demand.

3.3 Spatial-temporal differentiation characteristics of the

accessibility of park green spaces

This paper takes the spatial-temporal differentiation
of the accessibility of park green spaces as its starting

point and uses the Gaussian two-step floating catchment

area method, which comprehensively considers both sup-
ply and demand, to analyze the accessibility of multi-scale
park green spaces in Shenzhen under multipletravel modes
in 2013 and 2020. High-value areas and low-value areas
are divided by whether the ratio of the accessibility of
park green spaces to per capita park green space area is
greater than 1. Furthermore, the accessibility values are
classified into four levels—low, relatively low, relatively
high, and high—using the geometric interval classification

method.
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Figure 6 Population density distribution in Shenzhen in 2013 and 2020

Overall, from 2013 to 2020, the accessibility of park
green spaces in Shenzhen showed an upward trend. The
proportion of communities with high accessibility gradual-
ly increased. The average accessibility of community parks
saw the most significant increase. The accessibility of
comprehensive parks remained relatively stable. Special-
ized parks saw the most significant increase in standard
deviation and a greater degree of spatial differentiation. O-
ver the past decade, Shenzhen has prioritized park con-
struction as a crucial aspect of enhancing the city’s over-
all competitiveness and sustainable development capabili-
ties. Park construction has entered a period of rapid devel-
opment, with overall accessibility improvements relying
on the implementation of multiple green space strategies
such as “City of a Thousand Parks” and “Park City.”

From the perspective of the spatial-temporal differen-
tiation of accessibility, the accessibility of community
parks has improved the most, which is most significant in
Guangming District. The main reason is that in recent
years, Guangming District has served as a typical model
for Shenzhen’ s efforts to build an ecologically civilized
city. Itrecorded the most significant increase in parks and
is located in the outer areas, where population demand is
relatively low. The oversupply has led to a significant im-
provement in the accessibility of community parks. The
accessibility level of comprehensive parks is basically sta-
ble. The high accessibility value areas exhibit a trend of

migration from inner areas to outer areas. This is because

http: / www.viserdata.com/journal/jsa

the development level of the inner areas is high, resulting
in a continuous increase in population density. However,
the inner areas have long entered the stage of stock devel-
opment, and the available land resources for green space
construction are limited. On the other hand, outer areas are
in the stage of development and construction, with low
population demand and a strong supply capacity for green
spaces, which gradually improves accessibility. Accessibil-
ity of specialized parks, however, has slightly decreased,
and spatial differentiation has become more pronounced.
The main reason is that 72.5% of the newly added special-
ized parks are concentrated in Guangming District. The
rapid increase in supply capacity has led to a significant
improvement in accessibility, resulting in a significant un-
even spatial distribution of accessibility throughout the
city (Figures 7-12).

3.4 Exploring the influencing mechanism of the accessibili-

ty of park green spaces

3.4.1 Identification of influencing factors based on geo-

graphic detectors

The accessibility of park green spaces isinfluenced by
a variety of factors. This paper selects 10 influencing fac-
tors, categorized into five categories, as independent varia-
bles, and the comprehensive accessibility index as the de-
pendent variable (Table 3). The effect of each influencing
factor on the changes in the accessibility of park green
spaces in 2013 and 2020 is analyzed using a geographic

detector.
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Figure 12 Overall accessibility of parks in 2013 and 2020
The results of the accessibility influencing factor g- of park accessibility was more strongly and structurally
value detection (Table 4) show that in 2013, all influencing associated with green-space and road-related factors. The
factors had p-values of 0 and passed the 0.01 significance reason for this is that with the integrated development of
test. However, in 2020, only the three influencing factors the urban economy and the progress of science and tech-
X1, X2, and X4 passed the 0.01 significance test. This in- nology, the economy and commerce of each district have
dicates that between 2013 and 2020, the spatial distribution become the focus of development. The gap in commercial
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service facilities, technical difficulties, and the cost of de-
velopment and construction have gradually decreased, re-
sulting in a continuous decline in the correlation between
location factors, economic factors, and natural factors, and
park accessibility. Further investigation into the significant
influencing factors, as indicated by the q values, revealed
that, at the dynamic level, the q values of X1, X2, and X4
all showed a decreasing trend. The ranking of their q-val-
ues of determination power was X4 (0.10275) > X1 (0.
0536) > X2 (0.0472), indicating that X4 is the dominant
factor in park accessibility, with an explanatory power of

over 10%, far exceeding that of other factors. X2 and XI,

Table 3  Accessibility Influencing Factor Index System

on the other hand, are important factors in park accessibil-
ity. The primary reason is that roads are a crucial infrastructure
for urban development. Areas with higher road density have
relatively higher levels of urban development and construction,
more complete park green space facilities, and more convenient
travel routes that significantly improve residents’ access to
park green spaces. Therefore, road density has the strongest de-
termination power. In addition, the accessibility of park green
spaces is inseparable from their construction. The larger the ar-
ea of a park or green space, the more entrances and exits it will
have, as well as the wider its service area, thus improving its

accessibility.

Category Influencing factors Influencing factor Code Classification
Proportion of park area X1 6
Green space factors
Park entrance and exit density X2 6
Straight-line distance from the residence to the nearest park X3 6
Traffic factors
Road density X4 6
Influencing factor Traffic Location X5 6
Location factors
X) Central potential X6 6
GDP X7 6
Economic factors
Commercial POI density X8 6
Elevation X9 6
Natural factors
Slope X10 6
Dependent variable (Y) Accessibility Comprehensive Accessibility Index Y 6
Table 4 Results of the accessibility influencing factor q-value detection
2013 2020 2013-2017
Influencing
factors Determination Significance Determination Significance Determination Average
power q level p power q level p power q value
X1 0.0755 0.0000 0.0317 0.0038 - 0.0438 0.0536
X2 0.0578 0.0000 0.0366 0.0031 - 0.0212 0.0472
X3 0.0974 0.0000 0.0098 0.4737 — —
X4 0.1585 0.0000 0.0470 0.0000 - 0.1115 0.10275
X5 0.1702 0.0000 0.0012 0.9972 — —
X6 0.1874 0.0000 0.0128 0.8128 — —
X7 0.1472 0.0000 0.0394 0.1849
X8 0.0598 0.0000 0.0484 0.2456 — —
X9 0.0876 0.0000 0.0224 0.0918 — —
X10 0.0618 0.0000 0.0040 0.9490
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Table 5 Regression model indicator system

Indicator Name Indicator code
Overall accessibility index Y
Proportion of park area X1
Park entrance and exit density X2
Road density X4

3.42 Spatial heterogeneity analysis of influencing factors
based on GWR

Geographic detector models primarily focus on ana-
lyzing factors that influence spatial differentiation at the
global scale, while neglecting the spatial differentiation of
these factors’ effects at the local scale. Therefore, after
testing with the geographic detector model, this paper se-
lected three effective factors—proportion of park area(X1),
park entrance and exit density (X2), and road density
(X4)—as explanatory variables, and constructed a regres-
sion model index system with the accessibility index in
2020 as the explained variable (Table 5).

OLS regression was performed on the accessibility
index and each of the dominant factors. The results
showed that the residual fit did not follow a normal distri-
bution. To improve the fit, the GWR model was subse-
quently introduced. First, we used Geoda 1.14 to analyze
the spatial autocorrelation of the overall accessibility in-
dex of parks in Shenzhen in 2020. The results showed that
Moran’s I was 0.823753, which passed the Z-test for sig-
nificance (p < 0.05), indicating significant spatial auto-
correlation in the accessibility index in 2020. Then, the in-
fluencing factor data were standardized, and geographical-
ly weighted regression analysis was performed using
GWR4 to further explore the spatial differentiation of the
influencing factor effects. The results (Table 6) show that
the fitted R* increased from 0.172066 to 0.403038, and the
AICc value decreased from — 61.379260 to — 73.339113,
with a difference of 11.959853. These results indicate that
the GWR model provided a significantly better fit and

more accurate spatial representation than the OLS model.

Table 6 Comparison of OLS and GWR model fitting results

Model AlCc R? Adjust R?
OLS - 61.379260 0.172066 0.137569
GWR - 73339113 0.403038 0.307432

http: / www.viserdata.com/journal/jsa

The regression coefficients fitted by the GWR model
(Figure 13) show that road density(X4) has the most significant
influence and variability on the accessibility index (regression
coefficients range from — 0.963989 to — 0.097715), exhibiting a
spatial characteristic of being higher in the east and lower
in the west. This is due to the obvious east-west polariza-
tion of development in Shenzhen, with the eastern Long-
gang and Pingshan districts lagging behind in develop-
ment and having less developed road systems than the
west. As a key factor in accessibility, road density has a
significantly greater impact on accessibility improvement
in the east than in the west. Park entrance and exit density
(X2, with regression coefficients ranging from — 0.252221
to 1.386147) exhibits a decreasing regression coefficient
from west to east. The positiveeffects are concentrated in
the western Guangming, Bao’ an, Longhua, and Nanshan
districts of Shenzhen, where there are many parks and a
high density of entrances. The negative impact is mainly
concentrated in the eastern Pingshan and Dapeng districts,
where the supply of green space resources is relatively
poor. Proportion of park area(X1) showed the smallest
spatial variation (regression coefficients ranged from
-0.074609 to 0.251136), with a predominantly positive
effect. Only six subdistricts in Guangming District and
Bao’an District showed a negative impact. The distribu-
tion of regression coefficients revealed significant spatial
zonation. Due to the larger area of the eastern administra-
tive district, but with less green space compared to the
western district, the influencing effect in the eastern region

is markedly stronger than that in the western region.
4 Conclusions and outlook

As an important public resource in the city, park
green spaces serve as vital spaces for residents’ daily leis-
ure activities, possessing ecological and cultural functions.
Their accessibility has a profound impact on the quality of
life for residents. In 2012, Shenzhen released the Shenzhen
Urban Greening Development Plan Outline (2012-2020),
which set a working cycle from 2012 to 2020 and proposed
new goals for the future development of urban greening in
Shenzhen. The first batch of park directory data was offi-
cially released in 2013. Therefore, this paper takes 2013

and 2020 as the research time frames, uses the Gaussian
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two-step floating catchment area method to explore the
spatial-temporal differentiation characteristics of the ac-
cessibility of park green spaces in Shenzhen, and uses a
geographic detector and a geographically weighted regres-
sion model to examine the influence level of different fac-
tors on the accessibility of park green spaces and its spa-
tial heterogeneity characteristics. The main conclusions are
as follows: 1) Within the scope of construction land, the
number and area of park green spaces in Shenzhen have
continued to grow, and spatially they show the characteris-
tics of “more in the west and less in the east”, “from the
inner areas to the outer areas”, and expansion from south
to north. 2) Between 2013 and 2020, the accessibility of
park green spaces in Shenzhen showed an overall upward

trend. The accessibility of outer areas gradually surpassed

that of inner areas. Among the different park types, com-

A

GWR X1

-;QJ Lagend A
| Admintstrative Divisions of Shenzhen 155 10w 2
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X1 Spatial heterogeneity of influence

munity parks exhibited the most significant increase in
mean accessibility, while specialized parks demonstrated
the most substantial spatial variation in accessibility, and
the accessibility level of comprehensive parks remained
relatively stable. 3) Road density, park entrance and exit
density, and proportion of park area are the main influen-
cing factors. In contrast, the correlations between location,
economic, and natural factors and accessibility have weak-
ened over time, owing to the integrated development of
the urban economy and technological progress. 4) Differ-
ent factors exhibit significant spatial heterogeneity in their
effects on the accessibility index. Road density(X4) and
proportion of park area(X1) have a greater impact in the
eastern part of the study area, while park entrance and exit
density(X2) has a greater impact in the western part of the

study area.
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Figure 13  Spatial heterogeneous distribution of the effects of effective factors

Against the backdrop of rapid urbanization, the ine-
quality of social, economic, and ecological benefits caused
by differences in accessibility of park green spaces has at-

tracted the attention of many scholars| 35-37 ]. However,

there remains a lack of in-depth research on the dynamic
characteristics and the influencing mechanism of the ac-
cessibility of park green spaces. This study quantitatively

expresses and spatially analyzes the spatial-temporal dif-
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ferentiation characteristics and driving factors of the ac-
cessibility of various park green spaces in Shenzhen, sum-
marizes their distribution characteristics and development
patterns, and provides a reasonable explanation for the
mechanism of their spatial-temporal differentiation from
multiple perspectives. This can provide differentiated and
targeted suggestions for the planning and construction of
Shenzhen’s green space system. Furthermore, the research
framework and conclusions of this paper have specific ref-
erence and guiding significance for the overall assessment,
optimal allocation, and spatial equity of other similar ur-
ban park green spaces. The methodology can also provide
useful reference for the accessibility analysis of other geo-
graphical phenomena.

However, this study also has certain limitations due to
factors such as data collection. Because accurate population da-
ta are difficult to obtain, this paper utilizes WorldPop popula-
tion density raster data, which may result in discrepancies be-
tween the population of residential areas and the actual popula-
tion. Although district-level corrections were made using data
from theSeventh National Population Census, differences in the
demand level at the residential-community scale remain. Sec-
ondly, both the 2013 and 2020 park directories contain a small
number of records with missing information on the area of
parks or classification, as well as ambiguous location data. Such
data deviations may affect the estimation of green-space supply
and, consequently, the results of accessibility analysis. In addi-
tion, this study does not fully account for subjective factors a-
mong different population groups or the intrinsic attractiveness
of parks, both of which may influence accessibility. Future re-
search could further evaluate park attractiveness through ques-
tionnaire surveys and satisfaction scoring, and improve the ac-
curacy of the analysis by refining park datasets and enriching

the indicator system of influencing factors.

Source of Figures and Tables
All figures and tables in this article were drawn by the au-

thor
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ABSTRACT: A green space for children’s outdoor activities is an important measurement indicator for building a child-friendly city. The construc-
tion of child-friendly cities in China has gradually shifted from theoretical research to practical exploration. As an important public space for urban
children to have contact with nature and engage in outdoor activities, comprehensive parks should give special consideration to the needs of chil-
dren. Children’s behavioral psychology is closely related to enjoyment in the activity space. Studying the relationship between children’s activities
and enjoyment of parks from the perspective of behavioral psychology corresponds with the child-friendly city construction principle of “seeing the
city from a meter height”. This evaluation and analysis of enjoyment in comprehensive parks is expected to provide a useful reference for the design
optimization of child-friendly comprehensive parks.

Based on determined behavioral and psychological characteristics of preschool children, the factors influencing enjoyment in comprehensive
parks are divided into three types according to the behaviors and psychology of preschool children, including the perceptual type, sports type, and
social type. Based on relevant studies, 29 representative sample sites were chosen in the Pengpu Four Seasons Park in Shanghai for field survey u-
sing the Public Space & Public Life (PSPL) survey method, behavior mapping, questionnaire survey, Analytical Hierarchy Process (AHP), and other
methods.

To screen evaluation factors that influence enjoyment of comprehensive parks, an evaluation model for enjoyment of comprehensive parks was
constructed. Enjoyment of comprehensive parks was evaluated from five dimensions, including space, facilities, plant configuration, waterscape de-
sign, and landscape culture. Differences in enjoyment among the same type of sample sites were analyzed and problems in enjoyment of comprehen-
sive parks were explored. Finally, the corresponding optimization suggestions were proposed to solve shortcomings—such as the landscape and
space sites not being novel enough, the science popularization of natural education needing to be improved, and the existence of single interaction
modes— aiming to enrich landscape design strategies of comprehensive parks from the perspective of children.

Based on the status and enjoyment evaluation of comprehensive parks, some optimization suggestions were proposed in combination with chil-
dren’s behavioral and psychological needs. Based on the results of a field survey and interviews with parents, the basic principle of children partici-
pating in construction under the premise and guarantee of their safety was proposed. It is suggested that children’s ideas be incorporated throughout
the construction of parks. To better meet the behavioral and psychological needs of children, some specific suggestions to optimize the enjoyment of
comprehensive parks were proposed according to the results of evaluating landscape elements in different dimensions. For example, the space site
should meet the needs of activities, facilities should cooperate with natural elements, and landscape design should promote perceptual interaction.
This study has some innovations: for example, typical sample sites were screened and classified to realize the modularization and visualization of

space studies. Furthermore, based on existing studies, the degree of naturalness of materials was introduced into the enjoyment evaluation system of
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comprehensive parks, which supplements existing studies. However, this study still has some limitations. It is difficult to get rid of subjective factors

in surveys of the activity preferences of children. Furthermore, only one park was chosen as the research object, but commonalities and differences

in parks in different regions have not been explored deeply. This will be discussed in the next stage.

KEY WORDS: comprehensive parks; preschool children; behavioral psychology; enjoyment; evaluation

By the end of 2021, China had a child population of
263 million, accounting for 18.6% of thenational popula-
tion". In October 2021, the National Development and Re-
form Commission, together with 22 other ministries and
commissions, issued the Guidelines on Promoting the
Construction of Child-Friendly Cities, which further pro-
posed to formulate construction standards for various
child-friendly spaces and facilities in cities to effectively
guarantee children’s rights to survival, development, pro-
tection, and participation®.

The construction of a child-friendly city in Shanghai
has begun. In 2021, the Shanghai Municipal People’ s
Government issued the 14th Five-Year Plan for the Devel-
opment of Women and Children in Shanghai, which
pointed out the need to attach importance to environmental
optimization and create child-friendly communities”. In
2022, the Implementation Plan for the Construction of a
Child-Friendly City in Shanghai was issued, proposing 20
specific construction tasks in 5 aspects to build a child-
friendly city and promoting the concept of “seeing the city
from a meter height” to be integrated into the entire
process of urban development®.

Creating green spaces that meet the needs of chil-
dren’ s outdoor activities is a key indicator of a child-
friendly city [ 1]. The design of urban parks is often based
on the perspective of adults, neglecting the behavioral and
psychological needs of children, resulting in a lack of ap-
peal to children [ 2]. Therefore, from the perspective of
children’ s behavioral psychology, it is urgent to explore
enjoyable activity spaces in comprehensive parks that meet
the needs of contemporary children and provide children
with friendly spaces for perception, movement, and social-
ization [ 3].

Existing research on children’s activity-oriented out-
door spaces mainly focuses on children’s usage prefer-
ences [ 4], the safety of the space, and its naturalness. In

terms of spatial elements, the main focus is on plant land-

scape configuration, children’s activity facilities, ground
paving, and color schemes [ 5]. Research methods for out-
door activity spaces from a child’ s perspective are also
being improved: Existing studies have combined question-
naire surveys with other methods to explore the influen-
cing factors of children’s environmental perception [ 6],
including using methods such as content recognition, pho-
to projection, and behavioral annotation [ 7]. The relation-
ship between preschool children’s behavioral psychology
and space site design has received special attention. The
research findings cover various spatial types at different
scales, including community parks, comprehensive parks,
and children’s parks. From the perspectives of children’s
perception and needs [ 8], scholars explore the interactive
behaviors of preschool children with the space sites, inclu-
ding their safety [ 9], playability [ 10], enjoyment [ 117,
and social interaction [ 12].

Research on the enjoyment of space sites mainly fo-
cuses on design methodology [ 13], with less systematic a-
nalysis and post-use evaluation. Through the analysis of
children’ s play spaces and play behaviors, scholars ex-
plore the factors that affect the enjoyment from perspec-
tives such as natural factors, the introduction of the spirit
of exploration, terrain shaping, and sensory engagement
[ 10], and propose design strategies focusing on space, fa-
cilities, and terrains [ 14 ]. Evaluation-oriented studies se-
lect evaluation factors related to activity space, play facili-
ties, plant configuration, hardscape, and landscape culture
to systematically analyze the space site’ s enjoyment and
conduct post-use evaluation, and propose corresponding
countermeasures.

In summary, existing research mainly focuses on the
activity preferences of preschool children and the design
approaches for enhancing the enjoyment of outdoor
spaces, while post-use evaluation still needs further in-

depth exploration. Therefore, by comprehensively utilizing
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methods such as the PSPL survey method, behavior map-
ping, questionnaire survey, and Analytical Hierarchy
Process (AHP), this study evaluates and analyzes enjoy-
ment of space sites in a comprehensive park from the per-
spective of the behavioral psychology of preschool chil-
dren, taking Shanghai Pengpu Four Seasons Park as an ex-
ample, from five dimensions: space, facilities, plant con-
figuration, waterscape design, and landscape culture. The
aim is to provide useful insights for optimizing the design

of child-friendly comprehensive parks.

1 Research subjects and methods

1.1 Researchsubjects

Preschool children are children aged 3 to 6 years who
have not yet reached the age of school enrollment [ 15].
Infants and toddlers are too young, leading to excessive
reliance on their parents for outdoor activities. School-
aged children, burdened by academic workloads, lack time
for play outside of school. As a result, preschool children
constitute the primary child user group in comprehensive
parks.

Enjoyment is a landscape feature that uses various
methods to attract children’s attention and generate strong
interest in participation [ 16]. A play space characterized
by enjoyment is often full of tension and fun, attracting
users’ attention and fostering activities in the space [ 8].

Taking into account the functions and facilities of the
parks, a preliminary screening was conducted on 144 com-
prehensive parks within the outer ring road of Shanghai,
and six comprehensive parks with clearly defined chil-
dren’ s activity areas were selected (Figure 1). Pengpu
Four Seasons Park, situated in Jing’an District, Shanghai,
features four themed gardens dedicated to spring, summer,
autumn, and winter (Figure 2). The park covers an area of
9.1 hm?, with a children’s activity area of 0.18 hm?. It is
the largest park in a residential area in the central urban
area of Shanghai®. The park has a complete spatial com-
position, a natural layout, a large daily user base, and a
high utilization rate, making it suitable for evaluating the

park’s enjoyment factor.

http: / www.viserdata.com/journal/jsa

» =

L= T
QEJ IS 30

Pengpu New
() Viliage Park ) I
Park
Yangpu
Zhabej @ Pa?il:

Park

Outer Ring Road

Nanyuan Riverside
Greenway @

@ Qiantan Friendship
City Park
Outer Ring Road. -

Figure 1 Distribution of comprehensive parks with clearly defined

children’s activity areas within the outer ring road of Shanghai

- - :
A A
- — e
0 50 100w %0 100 Zona
4 W'lh‘lﬁl'
Garden
Py -
\2Autumn
2\ ;
{2}Summer
JI i.\BprIng ~Garden ®a!"““‘:lr
~/Garden", Wint Garde
(3) Autumn G2
Garden
1 Sisting

Figure 2 Plan view of Pengpu Four Seasons Park

1.2 Research methods

1.2.1 Questionnaire survey

(1) Questionnaire content. The questionnaires were
distributed over four weekends in September 2022, with a
total of 200 copies distributed. A total of 196 question-
naires were collected, with a response rate of 98%; 190
questionnaires were valid, with an effective rate of 95%.
The question is divided into three parts and is distributed
to children aged 3-6 and their accompanying parents. The
questionnaire consists of three parts. Part 1 is a preference
selection question, which includes children’ s preferred

outdoor play space types, activity formats, and activity
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types, as well as their desired improvements to the park to
enhance play experience. The results of the preference sur-
vey are combined with observational records of children’s
behavior. Part 2 is a rating scale, which evaluates three
qualitative factors of the overall park’s appeal: the facility
color aesthetics (C4), the comfort of landscape features
(C7), and site theme storytelling (C13). A Likert scale is
used, and to help children better understand, the impor-
tance is converted into a level of liking, using five levels:
very dislike, dislike, neutral, like, and very like. Part
3collects basic information about the survey participants,
including the frequency and duration of children’s visits
to the park, as well as the relationship between the accom-
panying parents and children.

(2) Reliability test. The reliability of the scale and data
was primarily assessed using Cronbach’s a as the main testing
method. Analysis showed that the overall Cronbach’s a value
of the scale was 0.930. Among them, the « value of the facility
color aesthetics C4 was 0.865, the o value of the comfort of
landscape features C7 was 0.933, and the a value of the site
theme storytelling C13 was 0.941, indicating that the question-

naire has good overall reliability.
1.22 PSPL survey method

The PSPL (public space & public life survey) method
focuses on people and their activities in public spaces. It
consists of three parts: public space analysis, public space
life survey, and summary and recommendations. Four main
methods complement each other: map marking, on-site
counting, field investigation, and interview [ 17]. Consid-
ering the large number of child tourists during holidays,
and to facilitate the survey, the time was selected from
four weekends in September 2022, totaling eight days.
Three time periods with the largest number of child tour-
ists were selected: morning (10:00-12: 00 am), afternoon
(14:00-16:00 pm), and early evening (16:00-18:00 pm). On
the one hand, the survey on children’s activities served as
an important basis for the preliminary designation of 29
activity sites and the selection of evaluation factors. Activ-
ity preferences were investigated using behavior mapping,
with records taken every half hour and each observation
lasting 10 minutes. Record the children’s activities (such

as running, jumping, kicking a ball, taking photos, etc.)

and the distribution of the number of children within 10
minutes; on the other hand, conduct a spatial environment
survey as a data source for later evaluation. Based on sat-
ellite maps, we conducted on-site surveys of the current
status of 29 activity sites, including site layout, facilities
(play equipment, rest seats, supporting service facilities,
etc.), and spatial characteristics (size, paving patterns, ter-
rain variation, plant enclosure, etc.). Based on the survey
results, the characteristics of each activity site were statis-
tically analyzed. At the same time, random interviews were
conducted with accompanying parents to understand their
attitudes toward enjoying comprehensive parks and the
perceived influencing factors (such as facilities and envi-
ronmental conditions). These interviews supplemented the
survey, providing substantial data support and a solid de-
scriptive foundation for children’s evaluation of the en-

joyment of comprehensive parks.
1.2.3 Cat’s Eye Quadrant mini program

Based on image recognition technology, the location
is located, photos are taken, and indicators are calculated
within the program[ 18]. Using the WeChat mini-program
“Cat’ s Eye Quadrant”, photos of 29 sample sites were
taken and uploaded to mark the activity space locations
accurately. The mini program automatically calculated the
visible green index of each node, which corresponded to

the uploaded on-site photos [ 19].
1.24 Correspondence analysis

Using SPSS software, based on the decomposition
and contribution of chi-square statistics, an interactive
contingency table was constructed for the types of enjoy-
ment activities and environmental factors, and a two-di-
mensional correspondence diagram was generated in the
form of points to intuitively reveal the correspondence be-
tween the three enjoyment activities and the five environ-

mental factors [ 20].

2 Determination of evaluation factors of enjoyment
based on the behavioral psychology of preschool

children

2.1 Behavioral and psychological characteristics of pre-

school children

Psychologist Jean Piaget’s theory of cognitive devel-
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opment refers to the preschool stage as the “intuitive oper-
ational stage”. Children at this stage exhibit a certain de-
gree of independent activity and thinking ability, and their
emotions and cognitive development progress rapidly
[21]. This is mainly reflected in the development of cog-

nition, emotion, sociality, and personality (Table 1).

Table 1 Behavioral and psychological characteristics of preschool children

Cognitive Utilize various senses to better form concrete image per-
development ception.
. Generate emotional responses and store them in memory.
Emotional . . X . .
In this process, the most immediate emotions that arise
development o
are curiosity and a sense of mystery.
o Behavioral activities and social interactions, among which
ocia
peer interaction is a very common social activity for pre-
development .
school children.
Personality Children develop emotions and personalities through ac-
development tivities, which prevents them from becoming withdrawn.

2.2 Types of enjoyment activities

Play is an integral part of children’s development.
Rubin developed the Play Observation Scale (POS) to de-
scribe game levels: social play behavior and cognitive play
behavior, where social play behavior emphasizes collective
participation and cognitive play behavior emphasizes con-
struction and exploration [ 22]. The enjoyment activities
for preschool children in comprehensive parks are conduc-
ted in the form of games. Based on Rubin’s Play Observa-
tion Scale and combined with field research, the activities
are supplemented with physical play behaviors, emphasi-
zing physical training. Finally, the enjoyment activities
that children engage in at the park were screened and sum-

marized (Figure 3) and categorized into three types: move-

ment-based, perception-based, and social.

Movement-based activities:

Slide, scooter riding, running, bouncing a rubber ball,
racking play equig inging

Perception-based activities:

Observing animals, observing plants, taking photos,
playing with sand, playing with water

Social activities:

Talk tube play, group bing, playing t

playing with toys

Figure 3 Types of enjoyment activities

2.3 Types of enjoyment elements in comprehensive parks

Based on the behavioral and psychological character-
istics and activity types of preschool children, we analyzed
the environmental factors that influence the occurrence of
enjoyment activities, established a connection between en-
joyment activities and space sites, and classified the enjoy-
ment elements of comprehensive parks into perception-

based, movement-based, and social types (Table 2).

Table 2 Types of enjoyment elements in comprehensive parks

. Including perceptual activities in both natural and arti-
Perception-based . . o .
. ficial environments, as well as artificially designed fa-
enjoyment elements| . .
cilities that trigger children’s senses.

Facilities or sites that meet the needs of movements can
Movement-based . . . .
. encourage children to participate in sports and improve
enjoyment elements . .
their physical fitness.

. . Environmental factors that promote parent-child inter-
Social enjoyment . . . . .
action or peer interaction, including space sites and ac-
elements o .
tivity facilities.

http: / www.viserdata.com/journal/jsa

2.4  Evaluation factors of enjoyment of comprehensive

parks

Based on preliminary literature screening, question-
naire statistics, and field research, the environmental fac-
tors affecting the enjoyment of comprehensive parks are
ultimately categorized into 14 evaluation factors across
five dimensions: space, facilities, plant configuration, wa-

terscape design, and landscape culture (Figure 4).

3 Construction of an evaluation system of enjoyment
3.1 Classification ofactivity sites

Based on spatial characteristics, the activity sites for
preschool children in the park are classified into different
types (entrance, park path, plaza, children’s activity area,
fitness area, pavilion, etc.). Based on the road network, the
zones were numbered, and the types of sites in each zone
were counted, totaling seven categories and 29 activity

sites (Figure 5).
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3.2 Evaluation model construction

3.2.1 Single-factor assignment criteria

It is divided into three layers: the target layer, the cri-
terion layer, and the factor layer. The target layer is the e-
valuation of enjoyment of comprehensive parks based on
preschool children's behavioral psychology. The criterion
layer comprises five design dimensions that impact the en-
joyment of comprehensive parks. The factor layer refers to
14 evaluation factors that affect enjoyment from different
dimensions. The environmental factors affecting the en-
joyment of comprehensive parks are divided into 14 eval-
uation factors from five dimensions: space, facilities, plant
configuration, waterscape spaces, and landscape culture.
The three qualitative evaluation factors include: the facili-
ty color aesthetics (C4), the comfort of landscape features
(C7), and the site theme storytelling (C13). For qualitative

evaluation factors, a Likert scale scoring method was used

to assign values, with values of 5, 4, 3, 2, and 1 points as-
signed from highest to lowest. The 11 quantitative evalua-
tion factors include: richness of terrain variation (Cl1),
richness of paving patterns (C2), scale of activity spaces
(C3), richness of play facilities (C5), naturalness of facility
materials (C6), shade provided by trees (C8), richness of
plant species (C9), comfort of green spaces (C10), partici-
patory nature of waterscape spaces (Cl11), richness of a-
quatic animals (C12), and flexibility of science education
(C14). For quantitative evaluation factors, their scores are
mapped to 1-5 points according to specific data standards

(Table 3).
3.2.2 Construction of comprehensiveevaluation models

Ten experts, scholars, and children’s space designers
were invited to fill out a judgment matrix. Each factor was
compared pairwise using a scale of 1 to 9 to quantify the
relative importance of the two factors. Use the YAAHP
software to calculate the weight scores. After obtaining the
weight results, CR= CI/RI is used to perform a consisten-
cy test on the weights of each criterion layer and factor
layer to ensure logical consistency and model validity (CI
< 0.1). The final ranking weights of index factors for eval-
uating the enjoyment of comprehensive parks, based on
the behavioral psychology of preschool children, were de-
termined (Table 4).

Based on the weights of the factors at each level de-
termined above, the comprehensive evaluation model for

the enjoyment of comprehensive parks is as follows:

B: 2?:121,-1",-

In the formula: B is the comprehensive evaluation
value of the enjoyment of comprehensive parks; B is the
weight of the evaluation factors; r; is the rating score of

the evaluation factor.
3.2.3 Classification of enjoyment levels

Based on the evaluation scores, the enjoyment level
of comprehensive parks is divided into four levels: Level I
(Excellent), Level II (Good), Level III (Average), and Lev-
el IV (Poor) (Table 5), which reflects how well compre-
hensive parks meet the enjoyment needs of preschool chil-

dren.
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Table 3 Definition of evaluation factors

Evaluation system
of enjoyment
of comprehensive
parks based
on preschool
children’s
behavioral

psychology A

enjoyment Bl

Target Criterion . . o
Factor layer Meaning and scoring criteria of the factor layer
layer layer
Richness of Terrain variations (including hills and sunken spaces). 1= Basically flat; 2= 1 change; 3= 2 changes;
terrain variation C1 | 4= 3 changes;5= There are 4 or more changes [ 27].
Richness of 1= No variation in paving; 2= 2 variations in paving; 3= 3 variations in paving; 4= 4 variations in
Space site paving patterns C2 | paving; 5= 5 or more variations in paving [ 27].

Scale of activity

spaces C3

The number of people allowed to participate in activities simultaneously within the plaza space. 1=
Forl person only; 2= Provides space for 2 people; 3= Provides space for 4 people or two small
groups; 4= Provides space for 6 people or 4 small groups; 5= Can provide activity space for 8 or

more people or 4 or more groups [ 23].

Facility

enjoyment B2

Facility color

aesthetics C4

The pleasant and comfortable feeling brought by the color of the facility’s exterior. 1= Disharmoni-
ous colors; 2= Dull colors; 3= Mediocre colors; 4= Rich colors; 5= Bright, cheerful, and comforta-
ble colors[ 27].

Richness of play
facilities C5

The following types of facilities are included: swinging, climbing, rotating, sliding, suspended, craw-
ling, walking/running, and jumping. 1= 1 type; 2= 2-3 types; 3= 4-5 types; 4= 6-7 types; 5= 8
types or more[ 23].

Naturalness of

facility materials C6

The quantity and distribution of natural materials (wood, fruit, branches/bark/leaves, wood chips, grass,
stone, water, sand, moss, soil, etc.) used. 1= Present in some areas or not present in any area, using 0-1
methods; 2= Present in some areas, using 2 methods; 3= Present in all areas, using 1-2 methods; 4= Pres-

ent in all game areas, using 3-4 methods; 5= Present in all areas, using 5 or more methods [ 23].

Plant
configuration

enjoyment B3

Comfort of landscape

features C7

The novelty and aesthetic appeal of the landscape features. 1= Landscape features are dilapidated and have dis-
harmonious colors; 2= Landscape features are monotonous and damaged, with relatively disharmonious colors
and relatively poor materials; 3= Landscape features are of average appearance, color, and materials; 4= Land-
scape features are relatively interesting, have relatively beautiful colors, and use relatively novel materials; 5=

Landscape features are interesting, have beautiful colors, and use novel materials [ 27].

Shade provided
by trees C8

The shades provided by tree canopies, and their scale and the extent of shaded coverage 1= None; 2
= Yes, but located on the edge of the site; 3= Yes, but it surrounds the entire edge area of the site;

4= distributed in some areas inside the site; 5= distributedin the whole area inside the site [ 23].

Richness of

plant species C9

Measured by the diversity index. The number of species in a site of aspecific size is defined as the
diversity index. The higher the index, the better the richness. R= (S-1)/InN (S: number of species; N:

total number of trees), scored from 1 to 5 based on the diversity index.[24].

Waterscape
design

enjoyment B4

Comfort of green

spaces C10

The level of comfort brought about by the greening effect. The Cat’s Eye Quadrant mini-program
calculatesthe visible green index. The higher the percentage (x) of green in the field of vision, the
higher the score. When x < 5%, 1 point is awarded; when 5% <<x< 15%, 2 points; when 15% <<
x< 25%, 3 points; when 25% <<x< 15%, 4 points; when x > 35%, 5 points [ 19].

Participatory nature
of waterscape

spaces Cl11

Participate in (touchable) water activities. I= No water body; 2= Water body present, but no water activities
allowed; 3= Water body present, water activitiespermitted on the shore (e.g., watching fountains and swans);
4= Water body present, water activities allowed (e.g., fishing, catching tadpoles); 5= With a body of water,

one can flexibly and freely participate in and carry out water-related activities [ 25].

Richness of aquatic

animals C12

Animal species that can be observed/contacted in the water. 1= None; 2= Observable/Contact with 1
type; 3= Observable/Contact with 2 types; 4= Observable/Contact with 3 types; 5= Can contact/ob-

serve 4 or more types [ 23].

Landscape
culture

enjoyment BS

Site theme

storytelling C13

The concept story is combined with landscape expression methods, making it the guiding principle
of the design. 1= No theme story; 2= Theme story, but incomplete; 3= Has a complete theme story;
4= Has a complete theme story that is integrated with the function of the venue; 5= Has a complete

theme story that is both educational and entertaining [ 26].

Flexibility of science

education C14

Popular science education activities take many forms and are rich and interesting in content (inclu-
ding plant information boards, regular flower shows, tree planting in parks, and sculpture informa-
tion boards). 1= None; 2= There is 1 type; 3= There are 2-3 types, but not complete; 4= There are
2-3 types, and relatively complete; 5= There are 4 or more types [ 26].
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Table 4 Weights in the evaluation system of enjoyment in comprehensive parks

o Factor layer
L Criterion layer Factor layer L
Target layer Criterion layer . Factor layer . normalization
weights weights L
Weighting
Richness of terrain variation C1 0.2583 0.1216
Space site ) -
. 0.4706 Richness of paving patterns C2 0.1047 0.0493
enjoyment B1
Scale of activity spaces C3 0.6370 0.2998
Facility color aesthetics C4 0.2331 0.0699
Facility Richness of play facilities C5 0.0846 0.0254
. 0.2999
Evaluation System of enjoyment B2 Naturalness of facility materials C6 0.0773 0.0232
Enjoymentof Comprehensive Comfort of landscape features C7 0.6050 0.1814
Parks based on
the behavioral psychology . Shade provided by trees C8 0.6491 0.0065
. Plant configuration ) )
of preschool children A . 0.0901 Richness of plant species C9 0.0719 0.0585
enjoyment B3
Comfort of green spaces C10 0.2790 0.0251
Waterscape design Participatory nature of waterscape spaces C11 0.8333 0.0751
. 0.0901
enjoyment B4 Richness of aquatic animals C12 0.1667 0.0150
Landscape culture Site theme storytelling C13 0.2500 0.0123
. 0.0492
enjoyment B5 Flexibility of science education C14 0.7500 0.0369
Table 5 Standards for classifying the enjoyment level of comprehensive parks
Score 40< Y<5.0 3.0< Y=<4.0 2.5< Y<3.0 LOKY<C25
Enjoyment level Level T (Excellent) Grade II (Good) Level III (Average) Grade 1V (Poor)

IV Level

28%

m I Levelm T] Levelm III Level  [\/ Level

Figure 6 Distribution of the number of activity sites at

different levels of enjoyment

4 Analysis of the enjoyment of space sites

4.1 Comparative analysis of overall levels of enjoyment e-

valuation

The evaluation scores show that there are three sites
with an overall enjoyment rating of Level I, accounting for
10%; 10 sites with a rating of Level II, accounting for
34% ; and eight venues with a rating of Level III and Lev-
el IV, each accounting for 28% (Figure 6). The average

enjoyment score for the 29 activity venues was 3.0440, in-

dicating that the overall enjoyment level of the activity
venues in the park was relatively good. The highest score
was 4.5658, and the lowest score was 2.3638 (Figure 7), in-
dicating significant differences in enjoyment levels among

different activity sites.

4.2 Comparison of the enjoyment levels of different types

of activity sites

The analysis and evaluation results show that the
children’s activity area scored the highest at 4.5225, fol-
lowed by the fitness area, waterfront plaza, pavilion, en-
trance plaza, and leisure plaza in descending order. The
garden path scored the lowest at 2.4652 (Figure 7). All
three children’s activity areas scored highly, featuring am-
ple space, comfortable greenery, and varied terrain; the tai-
lor-made theme park stories were well-matched with
thesites and facilities. Among the six entrance plazas, Al-
3, A1-5, and A1-6, which scored higher, were more open
and suitable for activities, while Al-1, Al1-2, and Al-4,
which scored lower, were smaller and lacked activity space
and facilities. The seven pavilions showed significant

differences in scores; A7-1, A7-2, and A7-3 were adjacent
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to the water, offering expansive views and high levels of
greenery comfort; A7-4, A7-5, A7-6, and A7-7 were hidden
deep in the woods, with smaller spaces and simpler facilities.
The three waterfront plazas also showed significant differences
in scores. The areas are relatively large. A3-1 is quite large,
with ornamental animals such as swans and goldfish in the wa-
ter. A3-3 has a wide view, pleasant greenery, and a fountain.
Although A3-2 has comfortable greenery, the space is small

and lacks interactive water features. A5 is the only fitness area
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in the park and scores highly. It is open, surrounded by trees,
and has new and complete supporting facilities, meeting the
needs of ball games. The five leisure plazas all scored low.
These areas are generally small in scale, mostly with rest seats,
lacking activity space, and lacking variation in paving and ter-
rain. The four garden paths all scored low. They have high
comfort and protection, but are narrow and lack variation, have
a monotonous visual experience, and lack space to accommo-

date activities.

A2-Lelsure plaza Ad-Watarfront plaza

Seare
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Figure 7 Comparison of the enjoyment levels of different types of activity sites

4.3 Correspondence analysis between types of enjoyment

activities and influencing factors

A correspondence analysis was conducted between three
types of enjoyment activities for preschool children and five
environmental factors in Pengpu Four Seasons Park. The chi-
square value was 38.346, and the significance level was sig= 0.
000 (P < 0.01 indicates an extremely significant difference).
This indicates that the types of enjoyment activities and envi-
ronmental factors are not completely independent and have a
certain correlation.

Overall, different types of enjoyment activities show
different correspondences with the environment (Figure 8).
The correspondence between different types of enjoyment
activities and facilities is relatively small. The preference
for these environmental factors among the three types of
enjoyment activities is ranked as follows: movement-based
> social > perception-based. Movement-based enjoy-
ment activities are closer to spatial factors, meaning they
tend to favor spatial factors and have a higher demand for
spatial scale and richness. Perception-based enjoyment ac-
tivities are closer to two environmental factors: plant con-
figuration and landscape culture, meaning they are more
dependent on plant configuration and landscape culture.

Social enjoyment activities are closer to waterscape fac-

http: / www.viserdata.com/journal/jsa

tors, meaning they have a strong preference for water fea-
tures. Interactive and nature-friendly water features are
more conducive to social-based recreational activities.
4.4 Comparative analysis of the enjoyment levels of single-

factor activity sites

The comparison of single-factor enjoyment scores for dif-
ferent types of activity sites (Figure 9) shows that C4, C7, C8,
and C10 all scored relatively high in different sites; C1 and C13
scored relatively high in the children’s activity area, while the
other six types of spaces did not show much difference; C2, C3,
C5, C6, C9, Cl11, and C12 showed significant differences in
scores in different sites; and C14 scored relatively low in
all different sites. This indicates that different space types
vary significantly in terms of the appeal of the space sites,
facilities, plant configuration, waterscape design, and land-
scape culture. The children’s activity area and fitness area
performed well in terms of space, facilities, and plants; the
entrance plaza scored highly in terms of space and facili-
ties; the waterfront plaza performed excellently in terms of
water features and plants; the garden paths, leisure plazas,
and pavilions showed similar scoring trends, performing
well in terms of plants, but exhibiting shortcomings in

terms of space and facilities.
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Figure 9 Comparison of single-factor enjoyment scores for different types of activity sites

Based on the comparison of single-factor enjoyment
scores (Figure 10), the enjoyment of Pengpu Four Seasons Park
exhibits the following characteristics: In terms of space, the
paving patterns are diverse, the space is ample, and the terrain
variation is average; in terms of facilities and small features,
the colors are beautiful, the landscape is comfortable, the
degree of differentiation is small, and the richness and nat-
uralness are average; in terms of plant configuration, the
plant species are abundant, and the greenery is comforta-
ble; in terms of waterscape design, it is concentrated on
the central water surface, which is relatively small com-
pared to the entire park, and there is insufficient interac-
tion with the water; in terms of landscape culture, popular
science education on natural and humanistic knowledge is

widely distributed, while site theme storytelling is only

fully reflected in the children’s activity area.

5 Basic principles and design strategies for enhancing

enjoyment

5.1 Basic principles

5.1.1  Security principle

Safety is the prerequisite and guarantee for enjoyment.
Through word frequency analysis of interviews with parents,
we learned about their emphasis on park safety. On the one
hand, children are vulnerable to risks and are easily harmed; on
the other hand, with the post-pandemic era, the public’s aware-
ness of public health and safety has increased. Therefore, de-
sign and guidance should be strengthened, and spaces such as
garden paths and waterfronts should be rationally laid out. Fa-

cilities should be designed with safety and sturdiness as the

http: / www.viserdata.com/journal/jsa
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basic standard, and daily disinfection during use should be
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Figure 10

5.1.2 The principle of children’s participation in co-cre-

ation

Children’s ideas should be incorporated into the en-
tire process of park construction. Research has found that
children’ s expectations of a space are often replaced by
the adult perspectives of guardians and designers, resulting
in park spaces becoming passive “cramming” spaces.
From design and construction to operation, we should en-
courage and guide children to participate in expressing
their needs and making joint decisions, understand their
true demands from their perspective, and protect their

right to participate.

5.2 Design strategies

5.2.1 The space sites meet the needs of the activities.

Based on the behavioral and psychological character-
istics of preschool children, the following aspects should
be considered to optimize the enjoyment of the space.

Behavioral and psycho-

Expressed
logical characteristics

behavior

Cognitive and emao- Egocentric and easily

Activity needs

Accompanied

C7 €8 €9 C10 11 €12 C13 14

Comparison of single-factor enjoyment scores

Firstly, design friendly spaces that foster companionship.
Preschool children often ignore their surroundings during

i

activities, exhibiting a form of “egocentrism,” which also
means they require the presence of guardians. Therefore,
parents become another major user group, and the design
should consider a space that is friendly to accompanying
children. Secondly, provide spaces for individual perform-
ances. The personalities of preschool children develop rap-
idly, and they often have a strong desire to express them-
selves. By designing a “small stage” suitable for perform-
ance, we can encourage them to showcase their talents and
promote their personal growth and development. Thirdly, op-
timize the space for interaction with peers. The social develop-
ment of preschool children is mediated by behavioral activities
and social interactions. The design should take into account the
number of players and the scale of activities, and encourage
children to participate in different types of games with different
numbers of players (Figure 11).

Spatial response Specific strategy

Caregiver-friendly space Caregivar seating

tional development unaware of surroundings by caregivers and shade
Personality | ‘Strong desire for | | Display and express | freey v e “Small stage”,
development | self-expression_ __ individuality oA _performance area
~ Social " Following 'Engaging in interactive facilities
development peers cooperative play Peer interaction space and open spaces

Figure 11 Spatial optimization strategy based on behavioral and psychological characteristics

5.2.2 Facility features integrate natural elements

Comprehensive parks are vital places for children to
connect with nature and learn about the natural world. Ma-

terials such as flowing water, gravel, plants, wood, and

http: / www.viserdata.com/journal/jsa

stones will add natural interest to the play area. In the de-
sign, natural elements are incorporated to simulate natural
surroundings, thereby blurring the boundary between nat-

ural and artificial environments, and allowing children to



HAN Han, YU Bingqin/Journal of South Architecture 4:(2025) 46-59 57

connect with nature (Figure 12). This approach encourages

them to engage with the natural environment in a fun and

engaging way, guiding them to explore and understand the

natural world.

Contact with nature

Natural elements are brought closer to activity spaces to reduce the
distance between children and nature

Simulate nature

Increase natural materials and terrain variation to recreate
natural conditions

Figure 12 Naturalness Optimization Strategy

5.2.3 Waterscape design promotes perceptual interaction

Preschool children enjoy water-interaction spaces that
provide enjoyment and opportunities for social play. Di-
verse water-related activities, aquatic organisms, and the
varied forms and dynamics of water features can satisfy
children’ s curiosity. Watching animals near the water or
playing in shallow water are both ways that children enjoy
interacting with water. While ensuring safety, we should
actively provide children with suitable watergames and in-
teractive spaces through environmental landscapes and fa-
cilities.

6 Conclusion anddiscussion

6.1 Conclusion

The construction of child-friendly cities in China has
gradually shifted from theoretical research to practical ex-
ploration. As important public spaces for urban children to
have contact with nature and engage in outdoor activities,
comprehensive parks should give special consideration to
the needs of children.

Based on the behavioral and psychological character-
istics of preschool children, this study conducted field in-
vestigations on 29 sample sites in Pengpu Four Seasons
Park, analyzing children’s activity preferences and the en-

vironmental factors influencing park enjoyment. From a

behavioral psychology perspective, park enjoyment and
enjoyment-related activities were corresponded and cate-
gorized into three types—movement-based, perception-
based, and social enjoyment activities—and the relation-
ships between enjoyment activities and environmental fac-
tors were further examined. From five dimensions—space,
facilities, plant configuration, waterscape design, and land-
scape culture—an evaluation model for enjoyment in com-
prehensive parks was established using the Analytic Hier-
archy Process (AHP). Multiple data collection and pro-
cessing methods, including the Public Space & Public Life
(PSPL) survey and the “Cat Eye Quadrant” mini-program,
were applied to assess the enjoyment within the sample
spaces. Finally, targeted optimization strategies are pro-
posed to address insufficient spatial interaction, limited
richness of landscape features and facilities, and inade-
quate natural science education. The suggestions empha-
size respecting children’s behavioral psychology, encoura-
ging child participation in spatial creation, and enhancing
the naturalness and safety of the space sites, providing a
valuable reference for child-friendly urban park planning

and design.
6.2 Discussion
Children’s activity needs and preferences in compre-

hensive parks are precisely a reflection of their behavioral
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psychology. Studying the relationship between children’s
activities and park enjoyment from a behavioral psychol-
ogy perspective is more in line with the principle of build-
ing child-friendly cities that allows people to “see the city
from a meter height,” and it is also an advantage that dis-
tinguishes it from other studies. Preschool children are cu-
rious and tend to follow the crowd, making them easily at-
tracted to their surroundings. This leads to children’s ac-
tivities in parks not being limited to a specific space, with
no fixed activity area and relatively random movement
routes. The study aims to explore the relationship between
park enjoyment and children’ s activities; therefore, the
functional differences between various sites within the
park were not considered in this evaluation model.

Drawing on existing research, typical sample sites
were selected and categorized to visualize spatial research.
The conclusions regarding space sites, facilities, plant con-
figuration, and landscape culture that affect the appeal of
comprehensive parks are largely consistent with existing
research, thus confirming the scientific validity of the
study. Meanwhile, based on existing research, this study
introduces the naturalness of materials into the evaluation
system for comprehensive parks, supplementing existing
research on the topic.

The limitations of this study lie in the subjective na-
ture of investigating children's activity preferences, which
is difficult to avoid completely. In addition, only one park
was selected as the research subject, and the commonali-
ties and differences among parks in different regions were
not explored in depth. This aspect will be further ad-

dressed in the next stage of research.

Source of Figures and Tables

Figure 2: Redrawn by the author based on existing maps;
Figures 6-10: Drawn by the author based on the analysis
results;

Figures 1, 3-5, 11-12, and Tables 1-5: Drawn or photo-
graphed by the author.

Notes

I)Data are sourced from the Statistical Communiqué of the

http: / www.viserdata.com/journal/jsa

People”’ s Republic of China on the 2021 National Eco-
nomic and Social Development. (http: / www.gov.cn/xin-
wen/2022-02/28/content_5676015.htm)

2)http: / www. gov. cn/zhengce/zhengceku/2021-10/21/con-
tent_5643976.htm.

3) https: // fgw. sh. gov. cn/sswghgy  zxghwb/20210716/
264e9863ef354fe68ad18e244bca8b67.html.

4)https: / www.nweew. gov.cn/2022-09/19/content  305678.
htm.

5)https: / m.gmw.cn/baijia/2020-09/29/1301619430.html.
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ABSTRACT: Traditional settlements represent typical rural landscapes that have emerged from specific historical and cultural backgrounds. They
are also important spatial carriers for the transmission of regional cultural heritage. As the historical source of traditional Chinese culture, traditional
settlements exhibit stable and harmonious development, with unique features. The Loess Plateau in China nurtures the unique cave dwelling culture
of northern Shaanxi. It is characterised by distinct architectural features such as traditional cave dwellings. However, the cave settlements in northern
Shaanxi, which exhibit Chinese culture, face a habitat crisis due to rapid urbanisation. Based on the kernel density distribution of traditional settle-
ments in Shaanxi Province, one of the core distribution zones centred at Suide County and Mizhi County appear in the Southeast region of Yulin
City and the eastern region of Yan’an City. It is a major distribution zone involving cave settlements and their characteristic landscapes. Settlements
mainly extend along river valleys and gullies, accompanied by water and soil loss as well as harsh ecological environment. However, it is marked by
a severe shortage of construction land and narrow space for development. Over the years, the hills and gullies of the Loess Plateau in northern
Shaanxi constrained the development of settlements in the region. Therefore, the traditional settlements in the Loess hills and gullies of northern
Shaanxi were selected for further investigation. Landscape genetics and construction mapping were studied by combining with local settlement sta-
tus. Appropriate protection and inheritance mechanisms of traditional settlements in Shaanxi Province were analysed.

Based on the theory of landscape genetics, 46 national traditional settlements in northern Shaanxi were selected. First, the typology of tradi-
tional settlement was used to establish landscape gene information codes in northern Shaanxi. The numerical codes of "Shaanxi E-M1/2- XXXX"
were acquired using the combination of "area code + gene category code + Class-1 element + Class-2 element + Class-3 element + landscape
gene element". Second, further analysis revealed that the traditional settlements in northern Shaanxi were mainly based on family inheritance and
small-scale peasant economy, and depicted in terms of location layout, clansman and residential buildings. Hence, the genetic pedigree of traditional
settlements in the region can be built by combining internal and external environmental elements, information associated with traditional residential
and subjective public buildings as well as landscape genes with similar cultural significance, that is, the "A+ B+ C+ D" mode. Third, this study
presents the material landscape map of cave settlements in northern Shaanxi symbolically and provides a two- and three-dimensional graphical ex-
pression of landscape elements including site selection pattern, spatial layout, street layout and architectural form of cave settlements in northern
Shaanxi. The abstract symbols have been extracted based on morphological features and cultural connotation of elements, and abstract internal con-
notations based on graphical expression. Finally, a landscape gene map of 15 typical settlements in northern Shaanxi was built by combining with
landscape gene code structure and extraction of landscape gene prototype.

Based on the results of landscape genetic analysis of traditional settlements in northern Shaanxi, this study explored the landscape gene code

and established a landscape gene map. Results have practical implications for sustainable development of different types of traditional settlement and
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ecological restoration of traditional dwellings. Although the landscape genetic map of traditional settlements provides a practical basis for their his-
torical and cultural transmission, genetic "mutations" and functional transformations within the settlements as well as new demands of local residents
for modern living space after development over a long period have been identified. The hierarchy of regional characteristics and the delineation of
settlement zones in the landscapes provides further direction for subsequent research. The findings provide a comprehensive insight into the natural
and human characteristics of traditional settlements in a particular landscape and the construction of a regional landscape map eventually. This sys-
tem provides a layer-by-layer analysis of specific areas using a set of maps. The hierarchical regional map corresponds to large areas, sub-areas, sub-
sub-areas and even individual settlements in the traditional landscape systems. It not only facilitates a comprehensive, scientific and accurate under-
standing and representation of the unique characteristics of traditional settlement landscapes from a macroscopic to a microscopic perspective, but
also enhances the analysis of traditional settlement landscapes in China.

KEY WORDS: northern Shaanxi; traditional settlement; landscape gene; genetic code; mapping

Introduction factors [ 5], used field research [ 6], GIS spatial analysis

As the historical source of the traditional culture of the [7], and other research methods, and combined interdisci-

Chinese nation, traditional settlements have maintained a stable plinary theories such as typology and geography to con-

. . . . struct a traditional settlement landscape genome map | 8 |.
and harmonious state of development, preserving their unique pe g p [8]

. . At the level of non- ial 1 h, tra-
features.In China, the Loess Plateau has nurtured the unique ca- t the level of non-material landscape gene research, tra

. . .. ditional culture is the core element rooted in traditional
ve-dwelling culture of northern Shaanxi. Traditional cave

. . . settlements, and the customs, dialects, clans, and belief
dwellings are the most distinctive architectural type on the Lo-

. . L. features [ 9] within the settlements are essential compo-
ess Plateau. However, amid rapid urbanization, the cave-dwell-
. . . . : nents of the settlement landscape features.
ing settlements in northern Shaanxi, which embody Chinese P
. . L L In summary, scholars at home and abroad generally
culture, are facing a habitat crisis. Therefore, how to scientifi-
. . . agree that traditional settlement landscape genes share fea-
cally and effectively tap into the landscape genes of traditional
L. . . . tures with biological genes, both of which exhibit stable
settlements and ensure their inheritance and continuation has ] ) - o
) ) inheritance and individual variation. They have succes-
always been an essential topic of research at home and abroad. . ) T
. . sively researched landscape gene identification and extrac-
Foreign scholars’ research on traditional settlements ) ) ) o )
) tion, map construction, and the regional division of tradi-
has shifted from the development of settlement resources ] ]
) ) tional settlements. However, current research on the inter-
to the restoration and protection of settlement cultural ) )
) nal structure among various elements of landscape genes is
landscapes [ 1]. The research content focuses on the inher- . . . )
not systematic enough. In view of this, this study took 46
ent cultural genes of landscape features and has been ap- . . . ) .
) o ) ) national traditional settlements in Yulin and Yan’ an in
plied to the study of specific spatial areas [2]. Domestic ) .
o ) ) northern Shaanxi as the research objects, took the theory
research results on the genetic information coding and . .
of landscape genetics as the research perspective, and the
mapping of traditional settlement landscapes are becoming L . .
landscape genetic information coding as the framework,
increasingly abundant. From the perspective of specific re- . . .
gy bersp P combined with the results of the construction of landscape
search content, they can be divided into two levels: mate- .
gene prototypes and landscape gene maps, to clarify the
rial and non-material. At the level of material landscape . . . ..
relationship between the various elements of traditional

gene research, Liu Peilin, Hu Zui, and other scholars first . . .
settlement landscapes in northern Shaanxi and provide
divided the landscape system of traditional settlements . .
pe 5Y new paths for its protection and development [ 10].
from a national perspective, and further analyzed the prac-
) o ) . 1 Areas in this research and data sources
tical significance of the genome mapping of traditional

settlement landscapes [ 3]. Existing studies have conduc- 1.1 Overview of the areas in this research

ted in-depth research on material landscape elements such

as settlement environmental factors [ 4] and architectural

Administratively, northern Shaanxi includes Yulin City

and Yan’an City, as well as 21 county-level regions, accounting
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for approximately 39% of the total area of Shaanxi Province.
Except for Jingbian County, Dingbian County, Hengshan Dis-
trict of Yulin City on the southern edge of the Mu Us Desert,
and Luochuan County on the border of the Loess Plateau, the
remaining 17 counties are all located in theloess gully landform
area. The total area is 43,578 km’, accounting for 22.2% of the
province’s total area, and comprises 230 townships and 5,570
administrative villages.

Based onthe kernel density distribution of traditional set-
tlements in Shaanxi Province (Figure 1), a core distribution
zone centred at Suide County and Mizhi County appear in the
Southeast region of Yulin City and the eastern region of Yan’
an City. It is a major distribution zone of cave settlements and a
typical region of cave settlement landscapes. The development
of these settlements primarily extends along river valleys and
gullies, areas that are simultaneously characterized by severe
water and soil loss. The ecological environment is harsh,
marked by a severe shortage of construction land and narrow
space for development [ 117]. Over the years, the unique loess
hilly and gully landform in northern Shaanxi has become the
most significant impediment to settlement development in the
region. Therefore, this paper selects traditional settlements in
the loess hilly and gully area of northern Shaanxi as the re-
search objects, conducts relevant research on landscape genetic
information coding and mapping based on the current status of
local settlements, and explores the direction of protecting and

inheriting traditional settlements in this area.
1.2 Data source

The research samples in this paper mainly come from
the 46 existing national traditional settlements in northern
Shaanxi (Figure 2). These settlements have well-preserved
historical features, which more completely reflect the pro-
duction and living styles of the settlement residents and
the regional spatial features; or they have unique spatial
layouts and rich traditional residential buildings, which-
possess high protection and research value. This is of uni-
versal significance for the study of traditional settlements
in northern Shaanxi [ 127]. These settlements have been
successively included in the list of traditional villages, and
their research value has been recognized. The historical
and cultural customs of the villages are relatively com-

plete, making it easier to conduct research.

http: / www.viserdata.com/journal/jsa

The primary data sources of this study include litera-
ture materials and field surveys. The literature materials
include Shaanxi Provincial Chronicles, traditional village
atlases, traditional village planning texts, traditional vil-
lage-related survey registration forms, and other research
results related to Shaanxi’s traditional settlements. In ad-
dition, the basic data for the northern Shaanxi region are
sourced from the National Geomatics Center and the Geo-
spatial Data Cloud. Remote sensing image data and con-
tour terrain data are collected using software such as
Google Earth, 91 satellite images, and Global Mapper.
Thegraphs are drawn collaboratively using software such

as AutoCAD, Photoshop, and Arc GIS.

2 Basis and process of constructing traditional settle-

ment landscape gene maps

2.1 Traditional settlement landscape gene identification in-

dicator system

Identifying the landscape genes of traditional settlements
involves examining their essential features at the micro level.
The article adopts the feature deconstruction extraction method
proposed by Hu Zui [ 13], which divides the landscape of tra-
ditional settlements into two categories: material landscape
genes (including environmental and architectural features) and
non-material landscape genes (including custom, clan, dialect,
and belief features), which are then further divided into six cat-
egories including 17 indicators (Figure 3).

2.2 Genetic information encoding of traditional settlement

landscapes

To obtain a map of the traditional settlement land-
scape genes in a specific area, it is necessary to sort and
encode the identified landscape genes, which involves ar-
ranging them in a logical order and constructing a land-
scape gene information coding structure. In the process of
encoding landscape genes, the article applied typological
principles and adopted coding techniques based on
theChinese Library Classification and the Classification
and Codes for Fundamental Geographic Information Fea-
ture, and used the N-level coding theory to encode the
landscape genetic information of traditional settlements in

northern Shaanxi [ 14].
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Figure 2 Spatial distribution of national-level traditional villages in northern Shaanxi

Taking northern Shaanxi as an example, the coding struc-
ture of landscape genes is divided into "area code + category
code + feature code™:(DArea code: Northern Shaanxi is set to
Shaanxi-E, where Shaanxi represents the Shaanxi region and E
represents North; ) Category code: According to the "Meme"

proposed by Dawkins, M is used to describe landscape genes,

http: / www.viserdata.com/journal/jsa

and according to the landscape gene identification index sys-
tem, it is divided into M1 (material landscape genes) and
M2 (non-material landscape genes); 3 Feature code: The
subordinate relationship of the landscape genes of cave
settlements in northern Shaanxi is divided into four levels:

"class-1 element, class-2 element, class-3 element, and
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landscape gene element". Each level is represented by a
single digit and encoded using Arabic numerals (Figure 4).

Through landscape coding, not only can the encoded tradi-

tional settlement landscape genes be identified, but also
the classification and affinity between numerous landscape

genes can be accurately determined.
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Figure 4 Genetic information encoding

2.3  Construction of traditional settlement landscape gene
maps

The construction of landscape gene maps involves u-
sing graphic language to comprehensively express and an-
alyze the research object across temporal and spatial di-
mensions, thereby interpreting, classifying, and identifying
it by disassembling and refining graphics or patterns [ 15].
The application paths of the mapping construction method
mainly include landscape gene feature identification, land-
scape gene coding structure, and landscape map screening
and reconstruction. The construction of traditional settle-
ment landscape gene maps employs methods of abstrac-
tion, conceptualization, and typification. This method em-
ploys graphic language to explore, organize, classify, se-
lect, extract, and reorganize the fundamental features of
traditional settlement landscapes, and then to interpret and

express these features.

of traditional settlement landscapes

3  Genetic information coding structure of traditional

settlement landscapes in northern Shaanxi

3.1 Genetic information coding of traditional settlement

landscapes in northern Shaanxi

Through literature and field investigations, the tradi-
tional settlement typology is used to construct the genetic
information coding of traditional settlement landscapes in
northern Shaanxi. The specific structure of the digital code
is "Shaanxi E-M1/2-XXXX" (Figure 5), which follows the
format of "area code + gene category code + class-1 ele-
ment + class-2 element + class-3 element + landscape
gene element." According to the landscape genetic infor-
mation coding structure diagram of traditional settlements
in northern Shaanxi, its landscape genes are divided into

two major categories: material landscape genes (M1) and

non-material landscape genes (M2).

http: / www.viserdata.com/journal/jsa
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Figure 5 Genetic information coding of traditional settlement landscapes in northern Shaanxi

Among these, material landscape genes are divided
into two categories: environmental and architectural fea-
tures. (1) In terms of environmental features, cave settle-
ments in northern Shaanxi are mainly located in the hilly
and gully areas of the Loess Plateau and the rocky moun-
tainous areas along the Yellow River. The plane forms of
the settlements are mainly strip-shaped, tree-branch-
shaped, scattered-point-shaped, fan-shaped, and quasi-
square-shaped. The street patterns are mainly tree-shaped,
strip-shaped, andgrid-shaped. (2) In terms of architectural
features, O traditional dwellings are mainly divided into
seven categories based on their plane structures, building
forms, roof and gable shapes, facade design, local decora-
tion, and building materials. 2 Main public buildings are
primarily divided into five types: clan and religious build-
ings, representative dwellings, military sites, pavilions,
towers, and other ancillary buildings.

The non-material traditional settlement landscape
genes in northern Shaanxi are categorized into four dis-
tinct features: custom, clan, dialect, and belief features. (1)

In terms of custom features, D entertainment customs in-

http: / www.viserdata.com/journal/jsa

clude suona (traditional Chinese trumpet), yangge dance,
stone carving, paper-cutting, storytelling, Xintianyou folk
songs, waist drum performances, Northern Shannxi dao-
ging(a local ballad form), and cloth-collage painting. @
Market trade customs are mainly temple fairs, including
the Sanguan Temple Fair, the Fotang Temple Fair, the
Dragon King Temple Fair, and the Yuhe City God Temple
Fair. (2) Dialect features include the Jin dialect and Central
Plains Mandarin. (3) Clan features are divided into land-
lord-style blood inheritance, "hall" culture, and surname
culture. (4) Belief features are divided into nature god
worship, religious belief, historical figure worship, and red

revolutionary belief according to different belief objects.

3.2 Generation of the genetic pedigree of traditional settle-

ment landscapes in northern Shaanxi

Through the previous analysis of the landscape genes of
traditional settlements in northern Shaanxi and the construction
of the landscape genetic information coding structure, it can be
concluded that most of the traditional settlements in northern
Shaanxi are based on family inheritance and small-scale peas-

ant economy, which is reflected in the location layout, clan, and
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residential architecture. Therefore, by combining the internal
and external environmental genes of the settlement, the genes

of traditional dwellings and main public buildings, and the

A1 Site Selection
and Layout

A2 Plane shape

A Environmental

genes \

A3 Space layout

Ad Street pattern

landscape genes with the same cultural significance, we can
construct the traditional settlement landscape genetic pedigree

in the region, namely the "A+ B+ C+ D" mode (Figure 6).

C1 Entertainment
and customs

C2 Market
trade customs

hY

C3 Local dialect

€ Cultural genes  —
e

B1 Plane structure |~

B2 Architectural form |~

Genetic pedigree of ~
cave settiement landscapes
in northern Shaanxi

C4 Object of faith

~ D1 Surmame Culture

B3 Roof shape »

B Architectural
genes

.

B4 Gable shape t=—t+—

BS5 Fagade design ]

B6 Building materials ]

B7 Partial decoration -

B8 Public Places -

.

D Cian genes It D2 "Hall" Culture

] D3 Bloodline
Inheritance

Figure 6 Genetic pedigree of traditional settlement landscapes in northern Shaanxi

4 Genetic prototype extraction and mapping of tradi-

tional settlement landscapes in northern Shaanxi

4.1 Genetic prototype extraction of traditional settlement

landscapes in northern Shaanxi

The extraction of landscape gene prototype is the
process of abstractly extracting and restoring the layout
and architectural forms of traditional settlements, inclu-
ding their internal structure and formation principles,
mainly achieved through methods such as graphic extrac-
tion, element extraction, and meaning extraction [ 13]. Be-
cause the existence and development of material land-
scapes have their own laws and clear representational
forms, and non-material cultural landscapes are "living"
landscapes that are transferred and flow based on human
consciousness, and have collided and integrated with the
cultures of various regions many times in the course of
historical development, expressing human activity forms
and spiritual and cultural emotions, this article mainly at-
tempts to symbolically express the material landscape gene

map of cave settlements in northern Shaanxi. The land-

scape elements of the cave settlements in northern
Shaanxi, including site selection patterns, spatial layouts,
street patterns, and architectural forms, are visually repre-
sented through two-dimensional and three-dimensional
graphics. Abstract symbols are extracted based on the
morphological features and cultural connotations of each
element, and their inherent meanings are abstracted

through graphical expression [ 16].

4.1.1 Prototype extraction of environmental genesfrom

traditional settlements in northern Shaanxi

Combined with landscape gene identification results,
the graph extraction method was used to derive prototypes
for site selection, pattern, plane form, spatial pattern, and
street pattern in traditional settlements of northern Shaanxi
(Figure 7).

(1) The location and pattern of traditional settlements
in northern Shaanxi can be divided into five types: minor
gully type, ridge-and-knoll slope type, slope terrace type,
river valley plain type, and the type of rocky mountainous
area along the Yellow River. @ Among them, influenced

by the topography, the minor gully type settlements are the

http: / www.viserdata.com/journal/jsa
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most numerous. They develop along the mountain lines on
both sides. The external boundaries of the settlements are
irregular, the scale is small, there is little cultivated land,
and transportation is inconvenient, as seen in Aijiagou Vil-
lage and Changjiagou Village. @ Ridge-and-knoll slope

type settlements are distributed in higher areas. The settle-

Figure 7 Environmental gene prototype of the traditional settlements in northern Shaanxi
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ments are distributed in linear clusters along the contours
of the mountain. The external boundaries are vague, the
scale is small, and the cultivated land is located near set-
tlements, such as Liangjiajia Village and Huling Village.
(®Slope terrace type settlements are distributed in areas

with large elevation differences and suitable slopes. The
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settlements extend vertically along the mountain, forming
a scattered layout, as seen in Yuanzeping Village and Gao-
jie Village. @River valley plain type settlements are most-
ly distributed in the middle reaches of rivers. They are
large in scale, with clear external boundaries, and are dis-
tributed in clusters along the river, such as Zhangzhai Vil-
lage and Nihegou Village. & The rocky mountainous set-
tlements along the Yellow River have relatively flat ter-
rain, small settlement scale, clear external boundaries, and
a high concentration, distributed along the river, such as
Liujiaping Village and Mutouyu Village.

(2) The plane forms of traditional settlements in
northern Shaanxi are strip-shaped, tree-branch-shaped,
scattered-point-shaped, fan-shaped, and quasi-square-
shaped. Strip-shaped settlements are primarily based on
the surrounding water systems and transportation, with
streets and alleys used as extension units of traditional
dwellings, thus presenting a linear extension trend. Influ-
enced by the mountains on both sides, settlements extend
horizontally along the contour lines, built against the
mountains, with buildings facing the gullies, such as
Zhongjiao Village and Zhangfeng Village. @ Tree-branch-
shaped settlements are located in a terrain where multiple
gullies intersect, with the main gully as the development
center and multiple development directions extending a-
round it. In the time of primitive society, the settlements
were located in deep gullies. Due to the obstruction of
roads and transportation, they could avoid war and repro-
duce in a relatively comfortable environment. For exam-
ple: Heyi Village, Taozhen Village. @ Scattered-point-
shaped settlements are usually located at the top of ridge-
and-knoll slopes. The settlement morphology consists of
several clusters connected by a network of streets and al-
leys. There is no obvious center for the development of
residential architecture. Terraces are typically cultivated on
the surrounding ridges and knolls to increase the area of
arable land, reflecting the ecological thinking of the primi-
tive residents. Each cluster is composed of multiple small
building groups, connected by streets and alleys, forming a
point-linked spatial relationship, as in Heiyita Village and
Liujiashan Village. @ Fan-shaped settlements are usually

located in winding gully channels. The settlement layout is

circular along the contour lines, with the spatial axis a-
ligned with the direction of the mountain or river, as seen
in Jiadamao Village and Zhenjiawan Village. ®The quasi-
square-shaped settlements have a relatively regular exter-
nal shape, a compact layout, a clear internal structure, and
a spatial axis that is consistent with the direction of the
mountains on both sides, such as Anding Village and
Luoyan Village.

(3) The spatial pattern of traditional settlements in
northern Shaanxi presents five types of forms: centripetal
style, strip-branch style, mountain-circling style, symmet-
rical style, and scattered-point style. The spatial pattern of
settlements shows a clear correspondence with their plane
forms. Settlements with strip-shaped plane forms usually
present a strip-branch style pattern, while settlements with
tree-branch-shaped plane forms mostly have a centripetal
style spatial pattern.(D Settlements with a centripetal style
pattern are often distributed centripetally along intersec-
ting gullies, with the intersection often being the center of
the layout, such as Liujiamao Village and Yuejiacha Vil-
lage. @ Settlements with a strip-branch style pattern are
mostly distributed in gully channels between loess ridges
and ridges, and between ridges and gullies, and mainly de-
velop in an east-west or north-south belt, such as Nianpan
Village and Zhaojiahe Village. (3 Mountain-circling style
settlements are usually clustered on a hilltop and are usu-
ally fan-shaped, such as Liangshui’ an Village and Jiad-
amao Village.D Settlements with symmetrical style layout
are mostly distributed in river valley plains. They are less
common in loess gully areas due to the complex terrain,
such as Mutouyu Village. @ Settlements with a scattered-
point style layout are usually unrelated to each other and
present a free scattered layout, such as Huling Village and
Heiyita Village.

(4) The street patterns of traditional settlements in
northern Shaanxi present three forms: branch-like, strip-
like, and grid-like.(D The branch-like pattern usually ap-
pears in landforms with many gullies intersecting. This
pattern is most common in traditional settlements in north-
ern Shaanxi. It develops from the main gully as the center
and extends in multiple directions on both sides, such as

Mianhugou Village and Baixingzhuang Village. @ The

http: / www.viserdata.com/journal/jsa
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strip-like pattern often appears in settlements located in
tributary gullies or slope terraces. When the mountains on
both sides are steep and the slope is limited, making it dif-
ficult to build residential houses vertically, the settlement
will expand parallel to the contour lines. In this case, the
streets and alleys connecting the settlements will develop
in a strip-like form, extending horizontally along a main
gully or main road. This has a clear directionality and em-
phasizes a horizontal structure, as seen in Yuejiacha Vil-
lage and Shapingshang Village. @ The grid-like pattern is
typically situated in flat and open terrain, primarily dis-
tributed within river valley plains and settlements with
minimal elevation difference and relatively level ground.
The pattern within such settlements is usually regular and
orthogonal. However, in areas with slight topographic var-
iations, the village street network adopts a more freely in-
tersecting form. A hierarchical order is maintained be-
tween the grid and ring road systems, with the grid pattern
dominant and the ring roads secondary. Surrounding trans-
portation is convenient and close to county towns or cities,

such as Zhenziwan Village and Zhenjing Village.

4.1.2 Prototype extraction of architectural genesfrom tra-

ditional settlements in northern Shaanxi

Combined with the identification results of landscape
genes, the element extraction method was used to extract proto-
types of traditional dwellings and main public buildings in tra-
ditional settlements in northern Shaanxi (Figure 8).

(1) The plane structures of traditional residential
buildings in northern Shaanxi are of three different forms:
multi-opening terraced cave courtyards, cave courtyards
with side caves, and cave courtyards with side rooms.(D
Multi-opening terraced cave courtyards are the most com-
mon in cave settlements of northern Shaanxi, and there are
also a small number of landlords’ manors, such as the
Dang family manor in Heyi Village, which use this court-
yard model. @ The cave courtyard with side caves is the
most typical model of cave dwellings in northern Shaanxi.
The courtyard is oriented south-to-north, with a cave
dwelling serving as the main room, often featuring five o-
penings. Four hidden caves are symmetrically distributed
on either side of the main cave, and six side caves are dis-

tributed on the east and west sides. The courtyard’s interi-

http: / www.viserdata.com/journal/jsa

or follows the ethical and functional layout of "main cave
as the most important, side rooms as the second, and mis-
cellaneous rooms as the auxiliary", which provides good
privacy and functionality. Examples include Ma’s Manor
in Yangjiagou Village, Jiang’ s Manor in Liujiamao Vil-
lage, and Chang’s Manor in Gaomiaoshan Village. 3 Cave
courtyards with side rooms are mainly distributed in the
northern part of the Weibei area. They are only found in
Zhangfeng Village in northern Shaanxi. The settlement
features a coexistence of both the cave courtyards with
side rooms and the narrow courtyards typical in the
Guanzhong area, demonstrating distinct transitional and
divergent characteristics.

(2) Traditional dwellings in northern Shaanxi are
mainly cave dwellings. From the perspective of architec-
tural form, they are divided into mountain-backed cave
dwellings and independent cave dwellings. Among them,
mountain-backed cave dwellings are further divided into
mountain-backed and gully-sided cave dwellings based on
their architectural form. @ The mountain-backed cave
dwelling is against the cliff, with an open plain in front.
The layout is significantly influenced by the terrain and is
often parallel to the contour lines, featuring a curved or
broken line layout. @ The gully-sided cave dwellings are
cave dwellings dug inward on the cliffs on either side of
the gully. This type of cave dwelling typically features a
complex and varied layout. Because it is located near the
gully, it can effectively shield against wind and sand,
thereby regulating the regional microclimate. Its ecological
environment is good, making it an ideal place to live. ®
Independent cave dwellings are divided into brick and
stone cave dwellings and earth-based cave dwellings.
Since the Wuding River Basin is rich in stone and quarr-
ying is convenient, residents use local materials—soil,
stone, and wood—to construct cave buildings that are

closely integrated with nature.

4.2 Genetic mapping of typical settlement landscapes in

northern Shaanxi

The landscape gene map of traditional settlements is
a comprehensive expression of their landscape genes, in-
cluding architecture, layout, and culture. It can clearly pre-

sent the landscape genes of the settlements, including lay-
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Figure 8 Architectural gene prototype of the traditional settlements in northern Shaanxi

out, architecture, beliefs, and folk customs, and explain the

inherent laws of the traditional settlement landscape genes.

It also reflects the logic and orderliness of the settlement

landscape genes. Combining the traditional settlement

landscape gene coding structure in northern Shaanxi and
the landscape gene prototype extraction results, this article
constructed a landscape gene map of 15 typical settlement

cases in northern Shaanxi (Table 1).
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Table 1 Construction of the landscape gene map of typical settlements in northern Shaanxi
o ) Changjiagou . . ) T N
Heyi Village Aijiagou Village vill Guojiagou Village Huyan Village Liangjia Village | Zhongjiao Village
illage
Shaanxi . Shaanxi Shaanxi . )
Shaanxi Shaanxi Shaanxi Shaanxi
E-M1-2111 E-M1-2111 E-M1-2111
Plane i ) E-MI1-2112 ) ) E-MI1-2112 i ) E-MI-2112 E-MI-2112
Multi-opening Multi-opening Multi-opening
structure Cave courtyard Cave courtyard Cave courtyard | Cave courtyard
terraced cave terraced cave terraced cave
with side caves with side caves with side caves with side caves
courtyard courtyard courtyard
Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi
E-M1-2121 E-MI1-2121 E-M1-2121 E-M1-2122 E-M1-2121 E-MI1-2121 E-M1-2121
Mountain-backed | Mountain-backed | Mountain-backed | Gully-sided cave | Mountain-backed | Mountain-backed | Mountain-backed
Architectural | cave dwelling cave dwelling cave dwelling dwelling cave dwelling cave dwelling cave dwelling
form Shaanxi E-MI1- | Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi
2123 E-M1-2123 E-M1-2123 E-M1-2124 E-M1-2124 E-M1-2124 E-M1-2124
Earth-based cave | Earth-based cave | Earth-based cave | Brick and stone | Brick and stone | Brick and stone | Brick and stone
dwellings dwellings dwellings cave dwellings cave dwellings cave dwellings cave dwellings
Roof i : .
shape .
Shaanxi
Gabl Shaanxi Shaanxi Shaanxi Shaanxi E-M1-2141 Shaanxi Shaanxi
able
N E-M1-2141 E-M1-2141 E-M1-2141 E-M1-2141 [ shape Shaanxi | E-M1-2141 E-M1-2141
shape
o P [[] shape Q shape [J shape (] shape E-M1-2142 [[] shape (] shape
i=1
= Q shape
&
3]
a9
21 -
5 Facade .
design 1 I _3 At ) =
Shaanxi Shaanxi Shaanxi Shaanxi Sh . Shaanxi Shaanxi
aanxi
Building E-M1-2161 E-M1-2161 E-M1-2162 E-M1-2162 EMI-2163 E-M1-2164 E-M1-2165
materials Earth-stone-brick | Earth-stone-brick | Stone-wood Stone-wood Brick-stone Earth-wood
. . Stone structure
mixed structure mixed structure structure structure structure structures
Local
decoration
Shaanxi
E-M1-2211
Shaanxi
Shaanxi Clan building
. E-M1-2212 Shaanxi Shaanxi .
Shaanxi E-M1-2212 o . (‘ancestral hall) | Shaanxi
. . Religious build- | E-M1-2212 E-M1-2212 .
. E-M1-2213 Religious build- | | . . . . Shaanxi E-M1-2214
public . . | ings ( Monkey | Religious build- | Religious build- - .
Representative ings  ( Guandi . . o . E-M1-2212 Militaryruins
space . King Temple, | ings ( Qingliang | ings (Temple of . . .
dwellings (Dang | Temple, Zhenwu . Religious build- | (ancient road ru-
. . Dragon King | Temple, Sanguan | the = God  of | | .
Family Manor) Patriarch  Tem- ings ( ancestral | ins)
Temple, Bud- | Temple) Wealth)
ple) . temples,
dhist Temple) .
Dragon King
Temple
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(Continued)
. ) Changjiagou . ) ) S R
Heyi Village Aijiagou Village Vil Guojiagou Village Huyan Village Liangjia Village | Zhongjiao Village
illage
Shaanxi Shaanxi
E-M2-1-11suona | Shaanxi Shaanxi E-M2-1- .
. Shaanxi Shaanxi
Shaanxi E-M2-1- E-M2-1- 12yangge .
. . E-M2-1-11suona Shaanxi E-M2-1-11Suona
Recreational | E-M2-1-12 12yangge dance | 12yangge dance Shaanxi . .
. . Shaanxi E-M2-1-13 Shaanxi
customs yangge dance (water-moving Shaanxi E-M2-1-14 Paper .
. . . E-M2-1-12 stone carving E-M2-1-12
Shaanxi boat) E-M2-1-13 Stone | Cutting Shaanxi
yangge dance yangge dance
E-M2-1-13 stone Sculpture E-M2-1-15 Sto-
carving rytelling
Shaanxi
a Shaanxi E-M2-1-34
= E-M2-1-31 Shaanxi Lion Tied with
g . . X . Shaanxi .
B Regional Five Kui Thir- E-M2-1-33 Baby (traditional
[ / / / E-M2-1-32 . .
[4] customs teen Flowers Worship the an- | artifacts crafted
2 . “Store” culture .
( Wedding Cus- cestors to safeguard in-
toms) fants and chil-
dren)
. Shaanxi .
. Shaanxi Shaanxi
Shaanxi E-M2-4-11
Shaanxi E-M2-4-13 E-M2-4-13
. E-M2-4-12 Nature Worship
Object of E-M2-4-12 o . Character Wor- Character  wor-
. . . Religious beliefs . (Legend of the . / /
Faith Religious beliefs . ship (Legend of . ship (the legend
. (Buddhism, Tao- Hongtong  Big .
(Buddhism) ) Chang Yuchun’s of " Li Guang
ism Locust Tree Im- . .
Descendants) . shooting a tiger")
migrants)
Shaanxi Shaanxi . Shaanxi
° . Shaanxi
= E-M2-3-11 E-M2-3-13 Shaanxi E-M2-3-13
=] E-M2-3-15
[ Landlord-style Farming and E-M2-3-14 / Farming and
g . ; . . Surname Culture .
2 bloodline inher- | studyingto pass | Hermit Culture . studying to pass
. (Ma Family)
1tance on on
. . Shaanxi Shaanxi Shaanxi Shaanxi .
Shaanxi Shaanxi Shaanxi
E-M1-2111 E-M1-2111 E-M1-2111 E-M1-2111
Plane E-M1-2111 E-M1-2112 . . . . . . . . E-M1-2112
Multi-opening Multi-opening Multi-opening Multi-opening
structure Cave courtyard | Cave courtyard Cave courtyard
o o terraced cave terraced cave terraced cave terraced cave o
with side caves with side caves with side caves
courtyard courtyard courtyard courtyard
Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi sh . Shaanxi
aanxi
E-M1-2121 E-MI1-2121 E-M1-2121 E-M1-2121 E-M1-2123 EMI1-2122 E-M1-2121
Mountain-backed | Mountain-backed | Mountain-backed | Mountain-backed | Earth-based cave . Mountain-backed
. . . . . . Gully-sided cave .
Architectural | cave  dwelling | cave  dwelling | cave  dwelling | cave  dwelling | dwellings . .| cave dwelling
. . . . ) dwelling Shaanxi .
form Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi E-MI-2124 Shaanxi
24 E-M1-2124 E-M1-2124 E-M1-2124 E-M1-2124 E-M1-2124 E-M1-2124
= . . . Brick and stone .
I Brick and stone | Brick and stone | Brick and stone | Brick and stone | Brick and stone Brick and stone
R ) ) ) ) ) cave dwellings )
e cave dwellings cave dwellings cave dwellings cave dwellings cave dwellings cave dwellings
Roof
shape
Shaanxi Shaanxi
E-M1-2141 E-M1-2141
Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi
Gable [J shape [ shape
E-M1-2141 E-M1-2141 E-M1-2141 E-M1-2141 E-M1-2141
shape Shaanxi Shaanxi
[ shape [ shape [ shape [ shape [ shape
E-M1-2142 E-M1-2142
Q shape Q shape
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(Continued)
. ) Changjiagou . ) ) S R
Heyi Village Aijiagou Village Vil Guojiagou Village Huyan Village Liangjia Village | Zhongjiao Village
illage
Facade
. ry \ |
design & ] Tl
[ .
Shaanxi Shaanxi . . . Shaanxi Shaanxi
Shaanxi Shaanxi Shaanxi
. E-M1-2166 E-M1-2166 E-M1-2166 E-M1-2166
Architecture X . E-M1-2164 E-M1-2167 E-M1-2164 . .
. Brick, stone, and | Brick, stone, and . . . Brick, stone, and | Brick, stone, and
Materials . . Brick and stone | Brick and wood | Brick and stone . .
wood mixed | wood mixed wood mixed | wood mixed
structure structure structure
structure structure structure structure
Local
decoration
os]
= Shaanxi )
o Shaanxi
= E-M1-2212
o . E-M1-2212
% Religious build- o )
2 . . . Religious build- . .
@ Shaanxi ings ( Buddhist . . . Shaanxi Shaanxi .
ing (Niangniang Shaanxi
E-M1-2212 temples, Laoye - | E-M1-2212 E-M1-2212
. . . Temple), Shaanxi . . . . E-M1-2212
Religious build- | temples) Shaanxi Religious build- | Religious build- o .
. . E-M1-2213 . . Religious build-
ing (Ma’ s An- | Shaanxi E-M1-2212 . ings (Temple of | ings (Mawangye | .
. . Representative ings ( Dragon
cestral  Hall ), | E-M1-2213 Religious build- . Zhenwu Emper- | Temple, Sangong .
. . . i dwellings ( Guo King Temple, Fa-
Public Shaanxi Representative ings ( Buddha or) Palace) =
. Hongtao’ s for- . . jia Temple)
space E-M1-2213 dwellings temples, . Shaanxi Shaanxi .
. . mer residence) Shaanxi
Representative ( Chang Family | Guangong tem- . E-M1-2213 E-M1-2213
. Shaanxi . . E-M1-2213
dwellings Manor) ples,  Mawang Representative Representative .
. X E-M1-2214 i . Representative
(Chairman Mao’ | Shaanxi temples) > . dwellings ( Ma | dwellings .
. Military Site . . . dwellings
s former resi- | E-M1-2215 . Mingfang’ s for- | (Bai’s stone cliff .
. (Former Site of . . (Jiang’s Manor)
dence) Pavilions, tow- . mer residence) cave dwelling)
the CPC Midong
ers, and other )
. . County Commit-
ancillary  build-
. tee)
ings (theater)
Shaanxi
E-M2-1-11 . . . . .
. Shaanxi Shaanxi Shaanxi Shaanxi Shaanxi
Entertainment | suona
. E-M2-1-14 E-M2-1-12 E-M2-1-12 E-M2-1-12 / E-M2-1-12
customs Shaanxi .
Paper Cutting yangge dance yangge dance yangge dance yangge dance
E-M2-1-14
Paper Cutting
Shaanxi
E-M2-1-35 .
. . Shaanxi
A Regional Nine Bends
=2 . E-M2-1-36 / / / / /
= customs Shaanxi .
5] Pray for rain
— E-M2-1-36
K
=1 Pray for rain
a
Shaanxi . .
Shaanxi Shaanxi . .
E-M2-4-12 Shaanxi Shaanxi
o X X E-M2-4-13 . E-M2-4-11
Religious belief | Shaanxi Shaanxi . E-M2-4-11 E-M2-4-13
. . Character Wor- Worship of Na- .
Object (  Buddhism ) | E-M2-4-12 . o E-M2-4-12 Worship of na- | Character Wor-
. . o . ship (Li Ding- . . ture Gods (Leg- .
of Faith Shaanxi Religious beliefs . Religious beliefs ture gods (feng- | ship (The Legend
. ming’s "Stream- . end of the Hong- . . .
E-M2-4-14 (Buddhism) . o (Buddhism) . shui  prosperity | of Jiang Yaozu’s
. lining Adminis- tong Big Locust .
Red Revolution- . . theory) Rise to Wealth)
. tration" Theory) Tree Immigrants)
ary Belief
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(Continued)
- ) Changjiagou . . ) o S
Heyi Village Aijiagou Village Vil Guojiagou Village Huyan Village Liangjia Village | Zhongjiao Village
illage

Shaanxi

E-M2-3-13

Farming and Shaanxi .

Shaanxi
studyingto pass on | Shaanxi E-M2-3-11 . Shaanxi .
. E-M2-3-15 Shaanxi Shaanxi

<X Shaanxi E-M2-3-11 Landlord Blood- E-M2-3-13
g ] ) Surname Culture | E-M2-3-16 ] E-M2-3-11
e E-M2-3-12 Landlord-style line Inheritance ) Farming and
[ . ; . ( Guo Family | Border Guard X Landlord blood-
@ " Hall" Culture | bloodline inher- | (Bloodline of the . . studying to pass o .
“ Revolutionary Immigrants line inheritance

Shaanxi itance "the Sixth of Old on

Tradition)

E-M2-3-15 Li Clan")

Surname Culture

(Ma Family)

5 Conclusion and discussion
5.1 Conclusion

(1) The genetic information coding structure of tradi-
tional settlement landscapes in northern Shaanxi has been
initially formed. By adopting the structural mode of "area
code+ gene category code+class-1 element—+ class-2 ele-
ment—+class-3 element+ landscape gene element", and an-
alyzing the settlement landscape genes, the main charac-
teristics and internal composition laws of the settlement
can be clarified, thereby realizing the recognition of the o-
verall and regional landscape features.

(2) Extract and analyze thegenetic prototypes of tradition-
al settlement landscapes in northern Shaanxi. The prototypes of
the material landscape environmental genes, and architectural
genes in northern Shaanxi were extracted using graphic extrac-
tion and element extraction methods, respectively, and it was
concluded that the minor gully type settlements and multi-o-
pening terraced cave settlements are the main cave types and
courtyard patterns in northern Shaanxi.

(3) Construct a landscape gene map of typical cave
settlements in northern Shaanxi. Fifteen typical settlements
were selected, and a landscape map was constructed using
graphical expression. The obtained landscape gene map
can serve as an important data and information source for
traditional settlement protection planning, providing theo-
retical support for the restoration of the historical memory
of traditional settlement landscapes in northern Shaanxi,
the establishment of regional identity, and landscape pro-

tection planning.
5.2 Discussion

(1) Based on the results of landscape genetic analysis

of traditional settlements in northern Shaanxi, this study
explored the landscape gene code and established a land-
scape gene map. Results have practical implications for the
sustainable development of different types of traditional
settlements and the ecological restoration of traditional
dwellings. Although the landscape genetic map of tradi-
tional settlements provides a practical basis for their his-
torical and cultural transmission, genetic "mutations" and
functional transformations within the settlements, as well
as new demands from local residents for modern living
space after long-term development, have been identified.
(2) The hierarchy of regional characteristics and the
delineation of settlement zones in the landscapes provide
further direction for subsequent research. The findings of-
fer comprehensive insight into the natural and human
characteristics of traditional settlements in a particular
landscape and, eventually, into the construction of a re-
gional landscape map. This system provides a layer-by-
layer analysis of specific areas using a set of maps. The
hierarchical regional map corresponds to large areas, sub-
areas, sub-sub-areas and even individual settlements in the
traditional landscape systems. It not only facilitates a com-
prehensive, scientific, and accurate understanding and rep-
resentation of the unique characteristics of traditional set-
tlement landscapes from a macroscopic to a microscopic
perspective, but also enhances the analysis of traditional

settlement landscapes in China.

Sources of Figures and Tables
All figures and tables in this article are drawn by the au-

thor.
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ABSTRACT: Historic buildings provide tangible reminders of the illustrious history of Bangladesh. These have significant emotional worth in addi-
tion to their architectural, artistic, historic, and iconic significance. They are a part of country’s tradition and serve as emblems of its cultural identi-
ty. In order to maintain cultural history for a civic society that cherishes its past and cares for future generations, architectural heritage preservation
is crucial in any urban context. Located in the heart of Bangladesh, the old Dhaka region is home to the Dhaka Medical College (DMC), a priceless
piece of cultural history. The historical core of the city is a prime option for architectural and urban area conservation due to the exceptional quality
of the spaces and the concentration of numerous historic buildings. This research looks for a way to revitalise the hospital without changing its orig-
inal purpose or architectural design. Since the authority recently threatened to demolish the heritage building due to the so-called development of
multi-storey solutions, which ultimately led to the haphazard trend of rapid urbanisation, the conservation plan or policy may be developed for a-
daptive reuse of the structure. In Bangladesh’s challenging circumstances, the research’s potential findings could help the relevant authorities adopt
fair and appropriate practices for successful conservation, drawing inspiration from successful case studies overseas for coordinating various efforts
to achieve the desired goal. The study may attempt to offer some recommendations and suggestions for combining the resources available for long-
term, sustainable cultural heritage management.

KEY WORDS: Dhaka; Bangladesh; hospital heritage; re-adaption; sociology

1 Research problem identification

Article No. 61 of the Archaeology Department stated
that, to protect any historical building along with other
surroundings in old Dhaka, authority can enact regulations
[1]. The Antiquities Ordinance of 1976 (as modified) and
Article 24 of the Bangladesh’ s Constitution offer legal

backing for the preservation of DMC for future genera-

[ The format of citation in this article]

tions. The national archaeological record lists it as a site.
Additionally, there are requirements for managing and
conserving historic buildings in the most recent gazette of
the Building Construction Rule 2007 [2]. In this study,
DMC (Figure 1) is taken as subject as it shows some
threats, the boundary walls of promises are taken over by

the restaurants, and the parking area is encroaching on its
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garden. The distinct architectural style and aesthetics are
ruined by the name of modernisation and unsuitable in-
stallations. For example, a huge iron net was added in an
ugly way to control the mass entry in the year 2002, and air
conditioning units are present in every window. Also, External
facade installation for air conditioning of doctors’ and nurses’
chambers was introduced as a new addition, which ruined the
historic facades of the building, although the building is natu-
rally ventilated. And more importantly, the heritage building is
in great threat; several times the building was put up for debate
to be demolished, and a multi-story modern hospital should be
erected on the site instead, which ignited protest among the

heritage lovers.

Figure 1 Main entrance captures the symmetric facade of DMC

There are lots of good examples around the world of
how to fit modern installations over historic buildings. Ex-
perts need to be concerned about these historical value
facts to conserve such a ‘unique witness’ still standing

from the glorious history. For that, some socio-cultural

study needs to be synchronised in heritage studies to iden-
tify the root psyche of Bangladesh’ s society: Why do
Bangladeshis want to demolish their heritage and not
properly understand the value? And what are the underly-
ing causes that come from sociocultural factors and
forces? These causes and consequences need to be identi-
fied first. Otherwise, no heritages can be protected in the
future unless public awareness of protective attitudes is
developed, included, and practiced in the mainstream per-

ception of that society.
2 Research aim and objectives

(1) To identify the heritage value and significance of
the DMC hospital from the literature review.

(2) The second goal is to find suitable conservation
scopes for the DMC hospital, according to western stand-
ards coming from foreign case studies.

(3) To identify root causes for the existing lack of
public awareness and interest in heritage conservation
from the base of western sociological scholarship.

(4) To recommend and suggest possible measure-
ments and policies for logistic and financial supports from
the authorities and stakeholders that fit from Bangladesh’s
context, after appropriate analysis of the research findings

(Chart 1).
3 Methodology

Refer to Chart 1.

Heritage
evaluation
1. Authenticity
2. Integrity
Conservation 3. Values
DMC
Sociological .
Investigation Activity Policy and
on selected regeneration | implementation
subjects 1. Planning
2. Management
Two-dimensional approach % Regu[lar
observation and
monitoring
Chart 1 Methodology of research

4 Significance of the research

Architecturally, Dhaka Medical College shows the

late British colonial architectural characteristics: a com-

http: / www.viserdata.com/journal/jsa

pound ‘Zaminder Bunglow’ type building with three en-
tries. This is only one of a few late British colonial public

buildings in Dhaka city, where the rest are either dilapidat-
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ed or extinct today. Also, around DMC, heritage lovers
will find many other colonial buildings like Curzon Hall,
the High Court Building, and Bangabhaban (Presidential
Palace), which has stood for 100 years, holding the con-
textual, urban, and architectural development history of
Dhaka city as the capital of Eastern Bengal province from
the British reign, which could be better explained through
a heritage trail[ 3]. This building is the birthplace of the
language movement. The dormitories, once known as 20
tin shed barracks (today’s site for Shaheed Minar, com-
memorating the language movement), were the heartbeat
of the Bengali Language Movement, as political protesters
used to gather here and organise processions for demon-
stration. Because it was close to the Parliament of East Pa-
kistan, which temporarily took its seat at Jagannath Hall of
Dhaka University during the early days of East Pakistan
legislation. On February 21, 1952, students decided to defy
Section 144 at 4:00 pm from the historic mango tree called
Aam-tola (present-day Emergency Gate; the tree is no lon-
ger there, Figure 2). The police fired at the procession, re-
sulting in the deaths of many protesters, while only a few
names like Salam, Barkat, Rafique, Jabbar, and Shafiur are
known today. After sunset on February 21st, at the site of
the deaths, the students of Dhaka Medical College decided
to build a monument using bricks, gravel, and cement re-
served for the construction of the hospital to erect the
first-ever language martyr monument. The site was devel-
oped to its recent form much later by painter Hamidur
Rahman and sculptor Novera Ahmed [ 4]. Today, this great
incident was declared as International Mother Language
Day by UNESCO in 1999, celebrated all over the world.
Also, this building played a significant role in getting an

independent country, Bangladesh [ 5].

Figure 2 Amtola in front of DMC in 1952, the mango tree is

not existing today

5 Background

Dhaka Medical College Hospital goes with 4 types of
functional reshuffle and adapts for all the purposes without any
major changes in its plan and elevation. First, it was construc-
ted as the Secretariat Building for the newly formed province
of East Bengal and Assam in 1904. It was designed by British
architect James Ransome (1865- 1944) in 1909 (Figure 3). The
building also hosted the University of Dhaka in 1921. One part
was the university’s medical centre; another was the student
dormitory, which again shifted as the university’s arts faculty.
In 1939, the university council requested the British govern-
ment to establish a separate medical college. It was postponed
because "American Base Hospital" was running during World
War II[ 6]. After the war, the British government wanted to es-
tablish 3 modern medical colleges in Madras, Karachi, and
Dhaka. Civil surgeon of Dhaka, Dr. Major W. J. Virjin, and lo-
cal leaders launched a committee for the suggested medical
college. Finally, in 1946 a one hundred-bed hospital was estab-
lished as Dhaka Medical College and Hospital, where class
started on 10th July [5].

Figure 3 Dhaka Medical College image at British Weekly Magazine, ‘The Builder’ ; January edition in 1909

http: / www.viserdata.com/journal /jsa
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Adaptive reuse of the individual heritage buildings as
well as any historic area is always referred solution in third

world context[ 7] and DMC shows great potentials. Surprising-

ly, the building doesn’t have any sleeping period within its four-
stage transformation. The table below depicted its adaptation pat-

terns, minor changes, and four phases chronologically (Table 1):

Table 1 Functional evaluation of the premise
Year Purpose Type
1904 Govt’s public secretariat building Administrative
1921 University of dhaka Educational
1933 American base hospital military (World War I) Public health
1946 DMCH Public health

6 Architectural features of DMC
DMC is a wonderful and unique landmark in old Dhaka

as well as one of the largest colonial public buildings. The
building shows prominent local ornamentations with colonial
features: dome, portico, porch, kiosk, parapet, series of columns,
high raised plinth, oblong plan, series of courtyards, and sym-
metric elevation. This building is naturally ventilated as an in-
ternal courtyard, like the compounds of colonial landlord’ s
houses, locally known as Zaminderbari,[ 8] is placed on its two
flanks. Its high-raised plinth and symmetric elevation are other
important features. The architectural style of DMC could be
classified as quasi-Saracenic (Figure 4). Its huge dome at the
centre is mainly inspired by the Mughal feature, but it is also
recurrently used in many colonial public buildings to show
power and prestige. While a portico is truly a European ele-
ment to give a grand look at the symmetric building facade and
defined entry to make it more monumental. Thereby, a new hy-
brid style emerged known as the Indo-British or the late colo-
nial style [9]. It’s echoed in three gateways; the main entrance
echoed the central building block as the main entry. Another
two are located on the right and left sides of the main building
to assist the central one; these are smaller in size. The construc-
tion of the building entirely depends on the load-bearing wall.
The main hospital quarter wall has a thickness of 20 inches on
the ground floor and 10 inches on the upper floor, bonded with
shurki (chips) and lime mortar. Limestone was sealed in the
central structure to support the dome’ s structural stability.
Brick chips mixed with mortar were used to construct the pro-
jective eaves and cornices (Figure 5). The horizontal elements
were 6 inches, and diagonal buttresses were 8 inches in thick-
ness. The bull’s trench kiln of Hooghly produced typical colo-
nial burnt clay bricks (22.8 X 10.7 X 6.9 cm). Burmese teak
wood (Tectona grandis) was used for all the wooden frames

and door and window friezes of the building. The longitudinal

http: / www.viserdata.com/journal/jsa

teak logs were placed over a frame. Beneath it and in between

two frames, red brick chips mixed with the mortar were cast as

Figure 4 Architectural features from British colonial trend are

dominant in interior

7 Case studies of successful hospital heritage conserva-

tion practices in Western context

7.1 The Cook County Hospital., Illinois, USA

Cook County Hospital is a historic Chicago land-
mark, has been revitalised as part of a § 1 billion redevel-
opment plan. The building, completed in 1914, was once
the heart of the Illinois Medical District healthcare com-
munity and was threatened with demolition. World-famous
architecture firm Architects: Skidmore, Owings & Merrill
(SOM), along with its local partners, has preserved, re-
stored, and adapted the building to meet the changing
needs of the neighbourhood. The revitalised historic hos-
pital building includes a new hotel, food hall, medical of-
fices, and community spaces. The renovation aims to re-
store the building to its former glory, including the devel-
opment of the first blood bank in the United States and its
role in the field of medicine. The renovation has earned
the project a 2020 Landmarks Illinois Richard H. Driehaus
Foundation Preservation Award for Adaptive Reuse (Fig-
ure 6)[ 10].
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Figure 5 Architectural details on fenestrations,

dome and light well features

7.2 Bathurst’s old hospital, NSW, Australia

Bathurst’ s first hospital, one of Bathurst’ s historic
landmarks, was initially a convict settlement built in the
1820s. Renamed Bathurst District Hospital in 1842, it faced
issues like dampness and termites, and the new hospital
was completed in 1880. An architect from Sydney, Mr.
Boles, had his plans accepted in 1878. The new hospital
was completed in 1880, costing £ 12,000. Bathurst District
Hospital was listed on the New South Wales State Heritage
Register of Australia on 2 April 1999. The late Victorian
hospital complex, in the second empire style, features a
two-storey administrative area, an operating theatre block,
and octagonal operating theatres. It is constructed of brick
with a hipped iron roof and moulded string courses, deco-
rated with timber posts and cast-iron balustrades. Bathurst
Hospital is still operational and provides essential health-
care services to the community, while the hospital is un-
dergoing a significant redevelopment project, that will
start from 2025 (Figure 7)[ 11].

8 Findings and analysis

Those who are keen to replace heritage buildings

with modern buildings need to know that there are some
better inherent and designed advantages of the heritage
buildings compared to contemporary and designed ones, e-
ven though some of the contemporary buildings lack these
facilities. Let’ s consider some architectural factors of the
DMC complex for explaining its viability, which is still

contextual and worthy of heritage preservation.

P o

ini'mom\vmnm e g 1&:

X3
.

Figure 6 The Cook County Hospital, Illinois, USA.

SOM renovated the hospital in 2020

Figure 7 Bathurst’s old hospital, NSW, Australia

8.1 Landscape

A natural acoustic barrier in front of the premise is of-
fered by the garden, which is working like a perfect buffer zone
for a heritage. Moreover, larger trees provide shadows against
the sun, while the hedges are acting like effective thresholds for
sound and view control. Also, the huge grassland in the front is
a perfect rainwater percolation area for recharging groundwater

in a congested city like Dhaka.

http: / www.viserdata.com/journal /jsa
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8.2 Functional arrangement

It’ s posing an E-shaped footprint; such an oblong
plan of the hospital building is very effective for the func-
tional purpose and medical facilities of any hospital build-
ing. The main block has another five blocks like wings
and a series of rooms with double-loaded corridors con-
nected to all the surrounding verandas at its peripheries,
which is a good example of accessibility from any corner.
Additionally, at the adjacent point of two building blocks,
every corridor has placed a staircase. Services were put at

the end of the corridors, which are grouped together.
8.3 Energy efficiency

The building is also very energy efficient, as it was
built in a time when the electricity supply and demand
were not as high as in today’s context. Such energy effi-
ciency is achieved by optimising the natural sources: the
ventilators, light wells, and eaves. As these colonial archi-
tectural details are present in the building facade and inte-
rior ornamentations, no artificial light is required during
the daytime and load-shedding period of electricity. Heavy
construction of the brick wall also added some heat insu-
lation quality, and ventilators over doorframes help to
keep the interior cool on hot summer days. The same thick
walls help to trap the heat during the winter, while it’s

cool on the outside.
8.4 Climate-responsive design

Traditionally, DPC (damp-proofing course) is used in
the foundation to provide effective protection against cap-
illary action of groundwater, to prevent dampness, which
is a great threat for the lifespan of any building, especially
heritage brick-walled buildings like this. And to worsen
the scenario, drifting rain can cause damage over years,
which tends to accumulate in the footings of brick walls’
steeped foundations. In addition to DPC, projected eaves
are installed over each fenestration for rain protection.
This provided not only a majestic character of late British
colonial architecture of Bengal but also protected its fa-
cade from the decay in inner walls, while Bangladesh’s
monsoon period is very long, nearly 6 months, and even
its dry winter season could be regarded as humid com-
pared to other parts of the world. So, from which angle is
this heritage building treated inferior compared to other
newly constructed contemporary and so-called well-de-

signed buildings?

http: / www.viserdata.com/journal/jsa

9 Discussion: a sociological perspective

Sociologists study the social, economic, and political
consequences of any conflict, inequalities, and environ-
mental vulnerabilities, and the sociology of destruction
terms it as ‘destructive creation,” and the topic of this re-
search surely falls under it. The "sociology of destruction"
broadly explores how societal structures, institutions, and
human actions lead to negative impacts, both on the envi-
ronment and on human well-being. This study examines
the social causes and consequences of built environment
degradation, which is heritage destruction in this case, and
the role of power dynamics, conflict, and inequality in in-
ducing destructive processes. Politics itself shapes power
dynamics, power structures, ideology, and economic inter-
ests in fuelling conflicts. Also, how new technologies or
social structures can have unintended negative conse-
quences, sociologists try to identify these factors as well
[12]. For this case study of DMC, it is meticulously ob-
served that the impact of past social movements, like the
Language Movement of 1952, is still stimulating the aware
psyche of the local communities, despite having threats
coming from displacement, poverty, and urban spatial con-
testations. This study will try to challenge those destruc-
tive processes and promote more sustainable practices for
“architectural conservation’ using two sociological tools
like “right to the city,” from Lefebvre, and “symbolic cap-
ital” from Bourdieu.

DMC has reflected a role of being a national emblem
apart from its structural viewpoint. The entity was relevant
in the Bengali Language Movement and is commemorated
worldwide on International Mother Language Day. The
demographic and social composition of the area surround-
ing DMC consists of working-class inhabitants whose fi-
nancial activities are intricately linked to the vicinity of
the hospital to a large extent. It can be observed that the
street vendors and informal workers frequently operate in
and around hospital premises with limited alternatives for
their livelihood. Their utilisation of public space exempli-
fies famous modern social thoughts from the Lefebvrian
approach of the “right to the city,” which vouched for the
idea of marginalised communities establishing their pres-
ence despite official regulations[ 137, frequently complica-
ting hierarchical conservation initiatives, which is related

to the present findings of this research.
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The hospital’ s central geographical location renders
it to be important as well as susceptible from different
perspectives. It is evident that Old Dhaka experiences fre-
quent flooding and congestion, with those who rely heavi-
ly on DMC being the most impacted by these natural haz-
ards. Engineered for natural ventilation and climate resili-
ence, the structure provides insights for contemporary ur-
ban planning. Besides, DMC possesses significant emo-
tional significance, and from an environmental psychology
perspective, locations such as this foster a sense of stabili-
ty and collective memory for a nation. From a social psy-
chological viewpoint, it is not merely a hospital; it is a site
where generations have undergone significant life events
for numerous individuals in Dhaka. To sum up, referen-
cing Bourdieu’s concept of symbolic capital[ 14], DMC’s
intrinsic value transcends its economic significance in
many aspects. Its legacy as a centre of medical education
and anti-colonial resistance imparts a greater social and
geopolitical significance. Preservation necessitates more
than mere architectural planning, as it demands inclusive,
community-oriented initiatives that harmonise heritage
with practical requirements.

This article has examined the potential for the re-adapta-
tion of Dhaka Medical College Hospital (DMC), a location of
substantial historical and cultural importance, to address mod-
ern healthcare and urban requirements while preserving its her-
itage value. It emphasises the equilibrium between maintaining
identity and facilitating functional transformation in a swiftly
evolving urban environment. A detailed analysis of how a
structure can embody the conflicts among development, identi-
ty, and social equity is worth investigation from a sociological
perspective. Socioeconomic discussions regarding its future
emphasise the strain on land in rapidly expanding, low-income
urban areas, as the paper developed an argument that in Old
Dhaka, the increasing demand for contemporary healthcare
conflicts with efforts to conserve cultural heritage sites. The
concerned authorities frequently emphasise immediate econom-
ic gains, whereas heritage advocates contend for enduring so-
cial and cultural significance, which underscores a broader
power dynamic where wealthy developers often overshadow

the perspectives of marginalised communities.
10 Challenges

(1) The boundary walls are taken over by the ven-

dors, stalls, pharmacies, and restaurants due to illegal en-

croachment.

(2) The parking area is encroaching on the garden;
the rainwater-soaked area is turning into brown fields day
by day.

(3) The maintainable and distinct architectural styles
and features have been ruined over the years in the name
of unnecessary modernisation. Especially the facade of the
heritage building is losing its original appeal due to the
installation of massive air conditioning equipment. Such
unsuitable installations create disturbances to its original
aesthetics. The case studies of this research should be fol-
lowed for DMC conservation as an effective strategy; a

central air-cooling system could be installed instead.
11 Suggestions and recommendations

(1) Authority must need to enlist the building as pro-
tected heritage and prepare a list of heritage buildings to
be conserved in Dhaka city. To prepare this list, the city
authority may consult with the Archaeological Depart-
ment, the Institute of Architects Bangladesh (IAB), the
Dhaka City Corporation (DCC), the Rajdhani Unnayan
Committee (Rajuk), and university teachers, historians, and
heritage experts based on the historic, scenic, scientific,
social, and spiritual qualities of the heritage buildings
[15]. This should be published as a gazette, and the list
could be demonstrated for general discussion in the public
sphere.

(2) The Archaeological Department, under the super-
vision of the Ministry of Culture, has to list special scenic,
historic, scientific, social, spiritual, or naturally remarkable
areas of Dhaka city as urban conservation sites to develop
a heritage trail connecting all the heritage buildings and
elements in a route. After preparing the list of heritage
buildings, the authority has to notify the concerned owners
of the buildings, provide subsidies to protect heritage, and
bear the cost of conservation.

(3) For any change, extension, addition, or destruction
of these buildings, one has to obtain written permission
from the Rajdhani Unnayan Committee (Rajuk). The ulti-
mate authority could be the Dhaka City Corporation
(DCC), which can permit (fully or partially) applications to
change, extend, adjoin, reuse (adaptively), or refurbish the
enlisted heritage buildings. They can impose reasonable
conditions for any alteration and bring charges against any

vandalism also. Such permission from the authority will be

http: / www.viserdata.com/journal/jsa
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valid for up to 3 (three) years, and the owners need to re-
new it immediately.

(4) If any person/institute does some illegal change,
extension, joining, vandalization, or destruction of the en-
listed heritage buildings, the authority will order the occu-
pier or owner to impede the tasks. If it seems that there is
a lack of superintending of the listed buildings, the author-
ity can entirely acquire the enlisted heritage buildings for-
ever. Authority will take steps to upgrade and conserve the
heritage buildings and urban areas from time to time. Law
enforcement should be strict, and punishment should be
executed immediately to create awareness in the public.

(5) Regular design competitions among architects and
conservation specialists could be arranged to bring the

best possible solutions for each of the heritage cases.
Conclusion

One fundamental idea can be used to encapsulate the
entire conservation and management plan proposed in this
study: different stakeholders should acknowledge the ne-
cessity of DMC conservation and management. The pres-
ent study, which may enable the authorities to come under
the Government of Bangladesh Umbrella as a common
platform, focuses on mutually derived solutions of com-
plementary authorities from Bangladesh’s context for the
adaptive reuse of the DMC buildings as well as the old
Dhaka urban area. Public awareness should also be raised
by experts (such as architects, urban planners, academics,
engineers, archaeologists, historians, etc.), civic organisati-
ons, environmentalists, media, company owners, etc. In
summary, this study recommends a cooperative strategy
for managing DMC Hospital’s cultural heritage, which is
crucial given that the hospital still continues to serve its
purpose and is recognised as the top public health care
provider for the general public in Bangladesh. In order to
achieve posterity in a challenging and difficult environ-
ment, this heritage could serve as a paradigm-shifting ex-
ample of functional preservation in a third-world back-
ground like Bangladesh for an inventive conservation and

management approach.
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