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The most important stage in urban green space planning and design
is the pursuit of sustainable development and the enhancement of
green space efficiency. For this reason, contemporary urban green
spaces are increasingly designed to be multifunctional. In this
context, one of the overlooked functions of urban green spaces is
their defensive role, particularly the capacity of vegetation to protect
critical urban buildings and even public spaces against accidental or
deliberate explosions, including terrorist attacks.

In this research, a library-based study was first conducted to collect
relevant materials. Subsequently, in order to incorporate expert
opinion, a questionnaire was developed for a panel of 26 experts to
weight the influential criteria and to score each of the alternatives.
The collected data were analyzed using the SWARA method to
determine the relative importance and weights of the criteria, and
31 December 2021 finally, the COPRAS method was applied to evaluate different tree
Accented: arrangement patterns.
p

10 May 2022 The results indicate that the dense arrangement of trees is the most
effective layout for mitigating blast impacts on buildings, followed
by the topographic arrangement. In contrast, vertical and linear
arrangements were identified as the least effective layouts for
reducing the destructive effects of explosions on buildings.
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Extended Abstract
Introduction

Urban security and the reduction of vulnerability of
critical infrastructures against man-made threats—
particularly accidental or deliberate explosions—
have gained increasing importance in recent
decades. With rapid urbanization and the growing
density of populations in metropolitan areas, urban
design and planning with a passive defense
approach has become an essential priority in the
fields of architecture and urban management.
Within this context, urban green spaces represent a
vital layer of the city fabric with a dual role: on the
one hand, they provide environmental and social
benefits such as air purification, noise reduction,
landscape enhancement, psychological well-being,
and microclimatic regulation; on the other hand,
they can act as natural shields against physical
threats such as blast waves and explosion impacts.

Unlike the vast number of studies that focus on the
environmental and recreational functions of green
spaces, fewer investigations have examined their
defensive and protective capacities in urban safety
planning. The present study addresses this gap by
evaluating different tree arrangement patterns in
urban green spaces to identify the most effective
layout for mitigating the impacts of explosions on
buildings. The novelty of this research lies in
linking landscape design and passive defense
principles, providing practical insights for urban
managers, landscape architects, and safety planners.

Methodology

This study is applied and developmental in nature,
employing a descriptive-survey approach. Initially,
through a comprehensive literature review, key
criteria related to tree arrangements were identified.
Subsequently, expert judgment was sought to
prioritize these criteria and assess alternative
layouts. A total of 26 experts participated,
representing fields such as architecture, urban
planning, civil engineering, environmental science,
urban management, and passive defense.

The research instrument was a two-part
questionnaire: the first part focused on ranking the
relative importance of criteria, while the second part
evaluated alternative tree layouts based on these
criteria. The four main criteria were defined as
follows:

Resistance against explosion (C1)

Visual concealment (C2)
Fire spread potential (C3)
Economic considerations (C4)

To analyze the collected data, two multi-criteria
decision-making (MCDM) methods were applied:

SWARA (Stepwise Weight Assessment Ratio
Analysis) was used to determine the weights and
prioritize the criteria based on expert judgment.

COPRAS (Complex Proportional Assessment) was
then employed to rank six alternative tree
arrangements: linear, irregular, dense, vertical,
zigzag, and topographic-based layouts.

SWARA was selected for its simplicity and
capacity to incorporate expert knowledge in
weighting, while COPRAS enabled a comparative
assessment of alternatives considering both
beneficial and non-beneficial criteria.

Discussion

The SWARA analysis revealed that “resistance
against explosion” (C1) is the most significant
criterion, accounting for approximately 40% of the
total weight. This highlights the primacy of
protective functions in the context of urban security.
The second most important criterion was “fire
spread” (C3) with about 29%, followed by “visual
concealment” (C2) at 20% and “economic
considerations” (C4) at 11%. Clearly, safety-related
factors outweigh aesthetic or cost-related aspects
when green space is designed for protective
purposes.

Subsequent evaluation using COPRAS ranked the
tree arrangements based on their effectiveness in
mitigating explosion impacts. The results indicated
that the dense arrangement achieved the highest
score (21.1%), making it the most effective option
for reducing blast effects on buildings. Its
superiority is attributed to its ability to absorb and
attenuate blast waves through compact vegetation
layers. The topographic arrangement (17.5%)
ranked second, benefitting from the synergy of
vegetation with natural landforms that help disperse
shockwaves.

Irregular (16.4%) and zigzag (16.1%) layouts
performed moderately, providing partial deflection
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of blast energy but lacking the efficiency of dense  participants in the research.
vegetation. In contrast, the vertical (14.4%) and

linear (14.1%) patterns scored the lowest, as their

sparse coverage allows shockwaves to pass through

with minimal resistance.

These findings align with international research,
such as FEMA guidelines on secure site and urban
design, which emphasize the role of landscaping
and vegetation density in blast mitigation. They also
support ecological studies highlighting the
multifunctionality of urban green spaces when
integrated into broader safety strategies.

Results

The main outcomes of this research can be
summarized as follows:

e  Resistance against explosion is the dominant
criterion in tree arrangement for urban safety,
followed by fire spread, visual concealment,
and cost.

e  Dense tree arrangement is the most effective
strategy for mitigating blast impacts on
buildings.

e  Topographic-based arrangements also provide
strong protection and can serve as a practical
complementary strategy.

e Irregular and zigzag patterns are acceptable
alternatives but less efficient.

e Vertical and linear layouts are the least
effective and are not recommended for
protective urban design.

Overall, the study underscores the necessity of
rethinking urban green space planning from a
security-oriented perspective. Designing dense
vegetation buffers around sensitive and critical
urban facilities, integrating them with topographic
features, and aligning them with other passive
defense measures can significantly reduce urban
vulnerability to blast hazards. Such approaches not
only enhance security but also strengthen the
multifunctional role of green spaces, contributing to
resilient, safe, and sustainable cities.
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