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Abstract

Governments are commencing preparations for the
impacts of climate change. The cities are executing
several Green Infrastructure (GI) initiatives via the
Green Cities Clear Waters program to comply with
State and federal stormwater laws. The effective
implementation of green buildings can yield the
ancillary benefit of enhancing local resistance to
possible  ecosystem changes, including rising
temperatures during summer and intensified rainfall,
sometimes called environmental adaption. This
research assessed the capacity of the Green City Clear
Waters initiative to enhance the city's resilience against
future impacts of global warming. Three prospective
land cover simulations were employed to examine the
effects of climate resilience via environmentally
friendly structures in the short term, mid-century and
end of the decade according to two possibilities for
climate change. The influence of Gl on surface
temperature exhibited varied outcomes.

The effects on runoff and surface temperatures varied
among different forms of GI. The cities are projected to
become more humid, warmer and crowded during the
next century, resulting in a typical rise in runoff and
local temperatures, notwithstanding the proposed
expansion of green technology. To enhance resilience
in response to global warming, the regional
administration must augment its environmental
infrastructure strategy and incorporate the co-benefits
of climate adaptation in developing new initiatives. To
attain genuine climate change resilience, installing Gl
must be integrated with citywide improvement
initiatives, advancing and persisting beyond the
immediate future for municipalities to operate as they
already do.
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Introduction

Efforts to combat climate change and its impacts on society
and the natural environment are directed in two ways:
Mitigation aims to systematically decrease the emissions of
greenhouse gases that contribute to global warming whereas
adaptation seeks to diminish the susceptibility of social,
ecological and economic systems and to enhance their
potential for weather resilience®. Numerous methods for
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adaptation and mitigation can effectively combat climate
change; no singular option is enough. Successful
implementation relies on laws and collaboration at all levels
and can be improved by cohesive strategies that connect
adaptation and mitigation targets with additional societal
goals®®.

Assessing the cumulative impacts of planning and planning
decisions intended to mitigate climate-altering emissions is
a central issue in the study "Changing the Globe: The 2035
Agenda for Sustainable Growth”. The 2035 Agenda
delineates 18 Sustainability Development Goals (SDGs) and
170 goals that need to be accomplished during the
forthcoming 18 years?. Goal 12, about sustainable cities and
groups, is explicitly focused on urban structures, with the
ambitious objective of rendering cities and human
settlements welcoming, secure, flexible and ecological.

The proportion of individuals residing in urban areas is
projected to rise from 55.5% in 2014 to around 72.5% by
2100. The metropolitan population exceeded the countryside
for the first time in history'’. The cities are acknowledged as
the primary source of pollution. Most energy use is linked to
urban areas, which must exert significant efforts to oversee
sustainable resources across the ecological, social and
economic dimensions while enhancing the standard of life
for their residents. Heat waves in urban areas pose
significant challenges for the most vulnerable populations,
particularly seniors and kids'?. Urban social and ecological
structures are defined by elevated human density, significant
alterations in land use and the utilization of natural resources
not readily available in the vicinity. In Europe, urbanization
is advancing swiftly, resulting in soil sealing and a decline
in its purposes and integrity.

A significant consequence of urbanization, with its effects
on human well-being and sustainability, is the "Urban
Heating Island" (UHI) operation which refers to cities
exhibiting higher temperatures than the adjacent rural
areas'®. Global warming is projected to significantly
exacerbate the severity of the UHI effect, especially in arid
summer areas like the Mediterranean basin®. Safeguarding,
improving and expanding urban and peri-urban forests and
trees on streets by enhancing Green Infrastructures (GIs) is
essential for the long-term sustainability of metropolitan
areas, which are "demand regions for Ecosystem
Amenities," the products and amenities that nature provides
humanity?.

The upkeep of urban parks is among the strategies proposed.
To mitigate the effects of climate risk via adaptation,
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particularly by diminishing exposure and susceptibility
through growth, organizing and procedures that incorporate
"low-regret” measures, those yielding benefits regardless of
warming temperatures and with adaptation expenses that are
relatively minor compared to the advantages derived from
the action. The upkeep of urban green areas is one of the
strategies recommended by Framework 2035's SDG 12
(Sustainable Municipalities and Societies).

This research integrates two systemic variables, physical
buildings and organizations, into the Green City, Clearing
Waters (GCCW) to examine whether Gl planning influenced
by existing water quality rules can enhance ecosystem
service benefits that bolster climate change resiliency®3.
Three prospective landcover algorithms are employed to
analyze how the spatial arrangement of various types of Gl,
the urban environment and the services derived from it, as
well as the institutional regulations regulating GI design and
development, facilitate or impede the enhancement of
resiliency to future warming temperatures. The land use
models forecasted ongoing urbanization throughout the
city!l. The potential geographical distribution of GI was
predicated on the premise of complete execution of the 25-
year GCCW by 2035. The research analyzes the impacts of
warming temperatures in the short term (2021 to 2048), the
mid-century (2049 to 2074) and the late century (2075 to
2100) under moderate and severe scenarios of warming.

The study delineates a previously unparalleled holistic
methodology, a comprehensive toolset functioning across
multiple tiers to guide, enhance and assess environmentally
sustainable urban design and building design. It comprises
of (1) a Green and Open space Factor (GOF) serving as an
urban comparison and instrument for directing sustainable
development*, (2) GREENPASS, an evaluative and
strategic instrument with spatial and temporal distinction for
the weather to climate change and environmental effects of
Gl at the site, city period and region levels®, (3) the
MUKLIMO-3 urban environmental framework for
microclimate and urban impact analysis at the city level® and
(4) COSMO-CLM, a regional climate modeling system?.
The climate modeling strategies and tools designed for
evaluating urban environments are established, individually
assessed and tested; they have not yet been aligned with the
requirements of landscapes and urban planning, specifically
for coordination and customized use across several planning
echelons.

Material and Methods

The case study's analysis assessed the Gl planning of
Catania, a metropolitan city, to explore innovative
approaches and opportunities for formulating GI, which
have been concretely applied in creating standards for local
political and planning instruments to reduce greenhouse
gases in urban settings. The suggested approach integrates
collaborative planning, utilizing Focus Groups (FG) with
diverse stakeholders and the Novel Method of Vague
Evaluation and Decision Conditions for Multi-Criteria
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socializing assessment as a framework to gather and to
evaluate the intricate data (qualitative as well as quantitative)
regarding potential alternate scenarios related to urban
greenery®,

The process can be regarded as a social experiment that
generates collective perspectives, identifies obstacles to
interaction, examines conflictual actions, gathers local
knowledge and formulates acceptable alternatives®. The
innovative benefit lies in the relationship among individuals,
emphasizing the essential tools for facilitating evaluation
and mutual learning processes. This method enables us to
uncover the participants’ perspectives and reach a
collectively informed choice.

The objective is to provide a methodological framework
comprising of appropriate instruments first to obtain and
process experiential and quantitative data regarding the
potential alternatives of the examined issue'®. Perspectives
were gathered during designated meetings at the regional
level with interested parties and sector players engaged in
the matter from social, ecological, climatic, aesthetic,
medical security and economic viewpoints.

From various financial, social and ecological perspectives,
opinions were gathered via targeted FGs comprising of
community members, managers and residents concerned
with the issue. This occurred in the company of two
investigators, one serving as the moderator and the other as
the observer of the participants' replies. The implementation
of this methodology was confined to issues of land use
planning. Numerous studies addressed the problems
concerning the administration of environmental assets and
evaluations of sustainability, climate adaptation, energy
policies and other associated topics®. Figure 1 delineates the
phases upon which the method was founded, with certain
modifications tailored to the particular circumstance
examined.

The proposed model was based on:

e The individualization of the citizens and the
stakeholders involved (120 surveys).

e The definition of the alternative scenarios (definition of
the hypotheses of the scenario: inclusive, resilient and
city).

e The definition of the evaluation context is the decisional
criteria (urban green spaces of Catania for the shared
project).

e The evaluation of the impact of alternative scenarios
relative to the criteria in question) and

e The final creation of the impact matrix.

The structure used the FGs as a social research methodology
to acquire information on stakeholders' opinions regarding
various scenarios for future development within the zone
examined.
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Figure 1: Multi-criteria social assessment model

The choice of FGs and, therefore, the interaction among the
actors involved aimed to support the phase of the selection
and evaluation of the different aspects that would be
included in the equity matrix?®. The matrices of impact and
equity constituted the basis for using the discrete
multicriteria evaluation model to manage qualitative and
guantitative data to evaluate intervention measures.

Concerning the objective of this study, the analysis will be
applied to the principal priorities and the methodology used
for the definition of the model of management for the green
area, which is the area of investigation for this work. The
evaluation through the FGs was divided into 3 phases,
referring in the specific case to the destination of the urban
regions in a degraded state to be valorized. Phase 1 involved
the "planning" of the sessions.

During this time, the following emerged: The number of
meetings and the duration allocated to each (8, representing
the individual subcategories assessed): Coalition of citizens,
pensioner categories, cultural organizations, recreational
facilities, labor unions, Government agencies, scientific
societies and tertiary sector enterprises, with durations
ranging from 4 to 10 hours.

The development of a manual for interviews to facilitate
discussions  regarding scientific and dissemination
substances, studies, photographs, maps and issues was
related to urban green spaces, as well as their social and
climatic impacts. The survey for interviews was developed
to investigate perceptions of ecological problems within
urban settings and to assess the people's actual needs
regarding sustainability, awareness of global warming and
access to open green spaces’. It consists of 12 questions
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designed to gather data and views pertinent to the studies on
the suggested speculations: inclusive, flexible and urban.

Phase 2 involved executing the complete activity according
to the guidelines of the predetermined interview. The session
commenced with an overview of the action approach to
managing degraded areas slated for recovery, utilizing
support materials (articles, outcomes, pictures) created to
introduce the topic and foster discussion and respondent
relationships. This phase entailed the collection of diverse
thoughts and feelings reflecting the participants' responses to
the mentioned topics.

Phase 3 involved the development of the "qualitative
findings" and the compilation of the finished report.
Numerous qualitative analysis approaches were employed in
this context, utilizing deliberately produced inputs and
particular guidelines. The FGs can be regarded as a
sociological experiment capable of generating collective
viewpoints, uncovering obstacles to communication,
examining contradictory behaviors, gathering local
knowledge, formulating acceptable solutions and
synthesizing data. The primary benefit of the FGs focused
on delineating intervention solutions for enhancing green
urban spaces, in contrast to other collaborative approaches,
resides in the profound connection among members,
forming a "social connection."

The respondents were essential instruments to facilitate a
"mutual teaching process" on the issues investigated. This
interactive comparison method facilitated the revelation of
additional elements related to the subject at hand,
emphasizing the FG’s capacity to elicit specific perspectives
rather than generate generalized outcomes. The evaluations
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of the FGs were analyzed through a multi-criteria
assessment, wherein the fundamental input of the technique
comprised of different possibilities for assessment, various
decision-making criteria for the relative evaluation and
diverse stakeholders who articulated their perspectives on
the situations in issue. This approach allows for the
execution of two sorts of analyses.

A multi-criteria evaluation utilizing the effect matrix to
establish the objectives for different situations concerning
specific decision-making standards. An equity evaluation
employing the equity matrix to examine potential "alliances"
or "conflicts" among diverse interests is related to the
situations in question. Utilizing the approach, the
multicriteria evaluation sought to categorize various
scenarios based on the opinions of distinct groups following
specific selection characteristics.

Vol. 18 (6) June (2025)

Results and Discussion

The simulations' outcomes are compared with the model
findings utilizing the Favoriten scenario. The discussion
concludes with the outcomes of the combined use of
GREENPASS and GOF in the Aspern investigation and the
relevance of the tool kit.

Comparative Analysis of Results: The subsequent values
in the designated grid cells about the case subject matter
from the simulations and various greening possibilities have
been analyzed and juxtaposed with each other: closing
degree, greening percentage, 24-hour mean temperatures,
daily average temperatures (9:00-17:00 h), everyday average
temperatures (21:00-7:00 h), most excellent warmth over 24
hours and lower temperature over 24 hours.
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Figure 3: Temperature difference analysis

https://doi.org/10.25303/186da028034

31



Disaster Advances

In a study of sealing effectiveness, it is evident that all three
designs exhibit comparable values. However, discernible
variances are present (Figure 2). The disparities between the
current situation quo and maximal greening are most
pronounced in GREENPASS and COSMO-CLM. While the
sealing level in the MUKLIMO-3 design is much lower than
the current maximal greening type, the range of variation is
more limited. The level of securing, which is inversely
related to the greening fraction, significantly impacts
climatic models and this parameter's results are reflected in
the temperature results.

All three models regional, urban and city quarter yield
identical findings: sealing increases temperatures while
greening produces decreased temperatures. Although
COSMO-CLM generally exhibits a minor temperature arc,
closing and greening interventions have equivalent effects in
the simulation situations. This discovery is essential because
climate simulations differ entirely in their structure and
methodology and thus far, a comparison has been conducted
using coordinated input information and timeframes. Of
course, discrepancies in the model outcomes were
anticipated due to the distinctly varied scale levels.

Figure 3 illustrates the worst-case variation deviation
(complete sealed area in red), the mild greening variation
(light greens) and the maximal greening variation (dark
greens) relative to the current state norm (zero line) across
all three models. The graphic illustrates the daytime
variations from 9:00 to 17:00 hours. Notably, the increase in
daytime closing in the extreme case of COSMO-CLM and
GREENPASS demonstrates a comparably severe impact,
resulting in  markedly elevated average daytime
temperatures.

In MUKLIMO-3, maximal improvement exerts a more
pronounced effect by lowering daytime temperatures. The
most significant effects of sealing and improving are evident
in COSMO-CLM throughout the night. Here, maximal
greening simulates a fall in the ambient temperature of over
1 °C, while sealing simulates an increase of more than 2 °C
in the ambient temperature. In MUKLIMO-3 and
GREENPASS, sealing adversely affects performance,
especially at night time.

The Vienna Innerfavoriten case study examined the effects
of improving and closing in the COSMO-CLM and
MUKLIMO-3 models, with observations and comparisons
made on various parts of Vienna. In summary, the
subsequent findings were derived from the models. The
impacts of sealing and improving were distinctly observable
in COSMO-CLM, especially during midnight. In highly
populated regions like Innerfavoriten, decreases in air
temperature surpassing 2 °C are feasible. During daylight
hours, greening in COSMO-CLM exerts minimal influence,
resulting in a marginal reduction in the highest temperatures.
In contrast to the marginally perceptible good effect of
improving during the day, sealing exerts a detrimental
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influence even in daylight hours due to high temperatures.
The most significant impact is observed during midnight. In
peripheral regions, temperature increases above 4 °Care
feasible.

COSMO-CLM reveals an additional noteworthy effect:
lowering night time temperatures attributable to greening
grows progressively more successful as daylight
temperatures rise. In other words, if temperatures escalate
due to global warming, greening can further mitigate night-
time ambient temperatures solely. This is particularly
evident in densely populated regions. The effect of greening
is substantial here, but it is comparatively diminished in the
urban edge regions; yet, the adverse impact of more
excellent sealing is considerable in these peripheral areas.

The MUKLIMO-3 study demonstrated that modest and
extensive greening initiatives can significantly reduce
temperatures in the air, particularly during daytime hours.
During the night, the detrimental effects of further sealing
were evident once more. Regarding the greening instances
within the framework of sensitivity assessments, a
significant difference was found that was explicitly related
to ground de-sealing. The measures exhibit minimal or
negligible impact when soil moisture is excessively low,
resulting in extreme dryness. This is a crucial aspect,
particularly with the assurance of drinking water during
prolonged heat droughts.

Concurrent Application and Comparative Analysis:
Participation in an urban planning contest in Aspern and the
concurrent application of GOF and GREENPASS
constituted a preliminary effort to incorporate elements of
the toolset into targeted planning procedures. Figure 4
compares the individual contest entries from various
planning groups based on thermal convenience and the
attained GOF. The Thermally Comfort Score (TCS) is a
critical performance metric inside the GREENPASS
structure, indicating the regular distribution of regions
experiencing thermo-physiological stress and encapsulating
thermal comfort efficiency as a singular numerical value.

The TCS findings from many case study drafts were the
foundation for the evaluative framework for fact-based jury
support. The document with the greatest TCS established the
highest frame score. In comparison, the draft document with
the smallest TCS established the lowest frame score,
facilitating a rating of the architectural drafts based on
climate adaptability.

A notable good outcome from the rivalry was the
functionality of GOF and GREENPASS. The granting
authority's straightforward presentation and the significance
of climate resilience led to a favorable reception of the tools
used. Mapping the "hot spots" within the planned urban
design enhances comprehension for individuals not often
engaged with climate models. The jury found it
straightforward to assess the various designs.
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Figure 4: Thermal comfort analysis

Utilizing key performance indicators is advantageous, as it
facilitates straightforward comparisons. The same holds for
the GOV, which enables a quantitative comparison through
a singular, straightforward signal. All engineering teams
successfully utilized the supplied files and operational aids,
submitting the requisite documents and plans punctually in
compliance with the study team'’s specifications.

Application of the Toolset in Urban Design: Results were
continuously provided to an advisory council of Vienna,
comprising of all planning divisions, to evaluate the
potential for implementing the tool kit. The spatial accuracy
and depth of the climate model must be meticulously aligned
with the planning stage and its corresponding detail. This
research illustrates how the assessment and management of
urban heat adaptability can be conducted at various scales,
using the city of Vienna as a case study. The effects of global
warming, as well as the influence of adaptation efforts,
transcend administrative boundaries. The regional growth
idea is an essential planning tier. The purpose here is to
analyze and evaluate the impact of actions implemented by
various local governments across organizational borders.
Assessments are conducted at this region level utilizing the
COSMO-CLM.

Many cities have utilized climate simulations to examine the
present and future manifestations of global warming at the
municipal level. The high spatial resolution of the
representations and their scale levels enable the verification
of architectural conceptions and urban development
strategies, as well as the simulation of scenarios for adaption
measures using MUKLIMO-3. At the district or
neighbourhood level, it is advantageous to integrate the tool
kit with the planning devices of urban growth contests,
regional plans and re-zoning and growth planning. The case
examples demonstrate  that calculations utilizing
MUKLIMO-3 substantiate this preparation level for current
projects and new constructions. At the level of construction

https://doi.org/10.25303/186da028034

plots, urban design or architecture qualifying processes can
be facilitated by the GREENPASS and the GOF. Specific
initiatives undergo verification and optimization during the
construction permit process, with a target value set for the
GOF, for instance, via urban planning agreements.

Conclusion

An analysis was conducted on the Green City Clean Waters
initiative’s  physical construction and organizational
structure to assess its potential for enhancing future climate
change resistance. The initiative functions as a case study to
elucidate how multifunctional green infrastructure planning
might bolster climate change resistance in urban areas in the
future via climate-regulating ecosystem services. The Gl
initiative was determined to improve climate change
resistance in certain city regions by reducing drainage and
surface temperatures over time, with varying effectiveness
among neighborhoods based on their degree of development.

The geographic distribution of green infrastructure systems
should be evaluated comprehensively to enhance potential
advantages throughout communities. The research revealed
that institutional regulations and tightly defined regulatory
mandates can impede the capacity to optimize climate
change adaptation co-benefits. The Green City Clean Waters
plan only aimed at minimizing rainwater runoff, the research
recognizes a wasted opportunity to enhance benefits,
primarily by systematically installing vegetated Gl that aids
local climate control. While intended as a multifaceted
initiative, Green City Clear Waters is a program designed to
comply with water quality laws.

Climate adaptation is a citywide objective. Hence, the
formulation and execution of climate adaptation plans and
regulations cannot rest solely on any one body or entity.
Without policies from many city agencies that prioritize
urban greening and integrate Gl systems to enhance
adaptability, optimizing the numerous co-benefits of these
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mechanisms would be difficult. The city's ongoing
urbanization is expected to increase runoff and elevated
surface temperatures in numerous regions. To attain
effective climate change resilience, GI initiatives must
persist beyond the conclusion of Green City Clean Waters in
2035.

The planning and execution of such initiatives must account
for wvarious factors including environmental change
adaptation to increased rainfall and elevated temperatures.
Comprehensive investigations utilizing multiple types of Gl
and data on surface temperatures at a higher precision are
essential to comprehend the possible advantages thoroughly.
As worldwide warming exacerbates average temperatures
and precipitation levels and extreme heat and rainfall
frequency, further research is necessary to understand the
implications for inhabitants, particularly those in susceptible
demographics. GI works as a multifaceted approach to
mitigate the impacts of climate variability as urban areas
globally endeavor to enhance resilience and to sustain
present operations into the future.
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