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Abstract

This research aims to develop a conceptual framework and assessment tool to assess sustainability of Multifunction
Constructed Wetlands Projects (MCWP). First, by literature review to analyze the main points and identify the gaps

in existing research to what concerns viewing constructed wetlands as multifunction sustainable landscape pro-
jects. To assess the performance of MCWP, urban sustainability indicators are proposed examining interconnections
between environmental, economic and social aspects and their effects on each other. 12 environmental, 9 socio-
cultural and 7 economic indicators are selected according to their relevance to the United Nations and National
Sustainable Development Goals, the impacts of their weights according to a distributed questionnaire showed these
percentages: environmental aspects 42%, Socio-cultural aspects 29% and the economic aspects 28%. Also, perfor-
mance-oriented assessment tools for MCWPs were designed for wastewater treatment. The impacts of proposed
indicators are then assessed using the adapted Leopold Matrix method. Hence, this study aims to establish an assess-
ment model to evaluate the sustainability features of MCWPs, by proposing sustainability indicators to be assessed
by measurement metrics and respective weights for indicators and sub-indicators.

Keywords Assessment model, Constructed wetlands, Leopold matrix, Multifunction Landscape, Wastewater
treatment

1 Introduction

The ongoing urban growth has caused imminent haz-
ards concerning water security and wastewater disposal
[1]. In the Middle East region, for example, wastewater
generated from industrial and municipal sources is esti-
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from the Conference of the Parties 27, 28 [6, 7]. Apart
from that, ageing water infrastructure has urged cities
worldwide to upgrade and reconsider their water sup-
ply and wastewater management processes [8]. This fact
has resulted in greater interest in the use of nature-based
solutions as infrastructure [9], combined with the grow-
ing paradigm shift towards regarding wastewater as a
‘resource’ when recycled and reused, rather than a ‘waste’
that is disposed of. Consequently, global Sustainable
Development Goals (SDGs) requires developing water
management systems to be aligned with the new vision
of SDGs [9]. Sustainable landscape projects combine and
balance dimensions of environmental, economic, and
social sustainability to achieve human well-being and
improve the quality of life, while constructed wetlands
are artificial urban systems that mimic the various eco-
logical functions of natural wetlands but in a more con-
trolled environment [10]. These systems provide a range
of sustainable and resilient urban functions besides being
a low-cost, easily operated alternative to conventional
urban management systems [11], with wastewater treat-
ment ability of the ecologically rich natural wetlands [12].
mitigating adverse environmental impacts and reduces
excessive energy consumption [13]. The performance
assessment of Multifunctional Constructed Wetland Pro-
jects (MCWPs), among other urban projects necessitates
accounting for their contribution to international and
national SDGs. Assessing sustainability has vastly grown
over the past years including examples like Health Impact
Assessment, Social Impact Assessment, Urban Material
Flow Analysis and Ecological Footprint. However, such
adequacy in assessment approaches indicates that indi-
vidual projects require their assessment tools [14].This is
particularly the case with the MCWPs since assessment
must cover environmental as well as social and economic
factors. While other metrics essentially focus on specific
areas, the proposed assessment tool aims to integrate
environmental, economic, social and technical factors
into a comprehensive tool designed to assess the perfor-
mance of constructed wetlands project either throughout
their construction phase and their operation phase. For
example, Material Flow Analyses assesses landscape pro-
jects through their material input, output, and efficiency
and sustainability through optimized material selection,
minimizing water consumption and waste products,
as well as promoting sustainable long-life materials and
demolition procedures. Hence this study is focusing on
environmental aspects of materials and offering a mate-
rial inventory that can be further employed in other
assessment tools such as the Life Cycle Assessment [14],
Another example is the Ecological Footprint Assessment
which focuses on the amount of biologically productive
land or water areas a certain project requires to cover
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its resources or sustain its operation, thus also address-
ing resources’ efficiency and their biological impact and
ecological footprint on their environment [3]. Hence, the
main aim of this study is to: 1) establish an assessment
model to objectively evaluate landscape sustainability
features of MCWPs; 2) propose a set of sustainability
indicators that comprehensively assess their broad spec-
trum of sustainability criteria, covering environmental
as well as social, economic and technical aspects; and 3)
propose appropriate measurement metrics and assign
respective weights for indicators and sub-indicators.

1.1 Background on MCWPs

The application of MCWPs started experimentally in
the 1950s in Germany in The Max Planck Institute,
whereas the first systems to be practically constructed
were in the 1960s in Europe and the US in the 70s [15].
However, until the late 80s, the technical aspects of con-
structed wetlands were not widely discussed. During
the past 20 years, due to the increase in environmental
awareness, there has been a significant increase in appli-
cations and research in this regard [13]. However, the
utilization of constructed wetlands in urban settlements
has not reached its full potential yet [8]. While conven-
tional wastewater treatment plants are usually associated
with high energy consumption, elevated construction
and operation costs, as well as their unattractive, indus-
trial visual appearance, MCWPs offer an environmentally
friendly, cost feasible and aesthetic approach to waste-
water treatment processes [16]. They offer visually rich
environments that combine water elements and land-
scape transforming them into constructed wetland parks
[17]. These offer a wide range of urban social, economic,
educational, recreational benefits besides enhancing bio-
diversity [12]. Their environmental benefits include treat-
ment of certain pollutant loads, preserving ecosystems
and wildlife, climate regulation, and reduced depend-
ence on chemicals [12]. Socially, MCWP parks allow for
social interaction with the wastewater treatment process
hence increasing social connectivity and awareness of
prevailing water management problems. Economic ben-
efits are demonstrated as 1/3 of the construction costs of
conventional treatment systems and approximately 1/4
of the operation and maintenance costs, besides being
more durable with a minimum of 15 years lifecycle [18].
Moreover, the high construction costs of conventional
wastewater treatment systems necessitate their con-
struction as centralized systems with extended sewers.
This makes constructing wastewater treatment plants in
peri-urban areas an economically unfeasible option. On
contrary, MCWPs can be widely implemented onsite
as decentralized or centralized treatment systems for
domestic, agricultural as well as industrial wastewater.
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This is in addition to their ability to mitigate storm-water
runoft [12]. Also, they can be implemented on differ-
ent scales ranging from household to neighborhood and
community scale. The only major constriction to the
application of MCWPs is concerned with land availabil-
ity as they require a greater area per person equivalent
[16]. The wastewater, treatment property of constructed
wetlands employs the interconnections between certain
plants and vegetation macrophytes, micro-organisms and
the soil in a systematic process. This is reliant on factors
such as the natural context, local climate, project design,
types of plants, and microbial functions [19]. During
the purification process, vegetation macrophytes absorb
different pollutants from the wastewater accumulating
them in their tissues. Simultaneously, this maintains a
suitable environment for the growth of microorganisms
which play a significant role in pollutants removal [20].
Moreover, the roots of vegetation macrophytes transfer
oxygen through the water enhancing the aerobic con-
ditions required for the purification process [21]. As a
result of these combined processes, the wastewater qual-
ity is enhanced to meet the standards of water reuse.
Constructed wetlands are either categorized according
to water levels into surface flow or subsurface flow con-
structed wetlands, or according to the direction of water
flow as horizontal flow, vertical flow or hybrid systems.
They are also sometimes classified according to their pri-
mary function e.g. habitat preservation, flood control,
storm water retention or wastewater treatment [22].

1.2 Environmental sustainability assessment methods
There are several assessment criteria for the environ-
mental performance of buildings established and imple-
mented worldwide like Building Research Establishment
Environmental Assessment Methodology of the UK,
Japan’s Comprehensive Assessment System for Built
Environment Efficiency, Australia’s Green Star, the US’s
Leadership in Energy and Environmental Design, as well
as Egypt’s Green Pyramid Rating System [23, 24]. How-
ever, with the increasing awareness of the importance of
environmental issues occurring at the city/neighborhood
levels, sustainability assessment systems worldwide have
established distinct landscape assessment systems such
as the “Green Flag Award” originally developed in Britain
in 1996 [25]. and Sustainable Sites Initiative developed
in the US in 2012. Also, recently in Germany, a research
project was concluded by the German Federal Govern-
ment and the German Research Platform for Landscape
in 2015 to evaluate outdoor facilities and develop a certi-
fication system [25]. These systems support an integrated
design approach, during the development/planning
phase of the project site, or throughout the design and
management phases [26, 27].

Page 3 of 12

1.3 Leopold matrix

A matrix is an evaluation method designed to assess
the impact of different activities on a set of indica-
tors arranged vertically while the different impacts are
arranged horizontally. A checkmark is used to mark the
impact of any activity on the corresponding indicators.
In 1971 Leopold Matrix was developed [28-30]. Later,
it was followed by the Component Interaction Matrix in
1974 [31]. Other forms of matrices further developed e.g.
Modified Graded Matrix, Loran Matrix, and the Impact
Summary Matrix [30]. One of the most prominent
advantages of al matrix tool is its flexibility and adapt-
ability to several types of projects, especially medium
and large-scale projects and its efficiency in presenting
data in a simple and easily comprehended form [28]. The
Leopold Matrix is a simple analysis of the impacts of a
project through many cells representing the magnitude
and significance of different actions under several factors
[31]. The Leopold Matrix assesses projects through com-
prehensively managing the project’s challenges, impacts
as well as the mitigation actions assigned to reduce nega-
tive impacts and improve positive impacts, linking vari-
ous impacts to their respective project phase(s), either
preliminary design, final design, construction, or opera-
tion phases, which indicates areas and phases of miti-
gation actions [31]. The construction phase of a project
could have a significant impact on the environmental,
social, and economic aspects of a project even though
these impacts usually end after construction completion,
however, in some cases construction extends for a pro-
longed period. Consequently, evaluating impacts arising
during the construction phase should not be overlooked
to suggest and discuss alternative construction methods
and mitigation procedures [32]. The operation phase,
on the other hand, contributes most of the project’s
impacts and is therefore considered the key purpose for
the assessment process [31]. In the case of MCWP, the
system operation lifetime is dependent on the degree of
pollutants contamination of the wetland cells and their
removal and storage ability of accumulated wastes [33].
A review of several constructed wetland projects shows
that they have been efficiently operating for an extended
period of 20 years [34].The monitoring and periodic
removal of wetland deposits and the reintroduction of
new substrates to the cells are essential procedures to
extend their efficient performance [35].

2 Methods

The research process includes the following 5 main
steps in order to develop the proposed assessment tool
as in Fig. 1 and further explained respectively.
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Fig. 1 Research process

2.1 Identification of MCWPs and their metrics in recent
scientific research

The identification stage is based on a systemic litera-

ture review that was performed using the Scopus data-

base from 2015-to 2021 through peer-reviewed journal
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background and available assessment methods. The fol-
lowing keywords were used: wetlands, constructed wet-
lands, and wastewater treatment, and limited to the field
of engineering. As a result, a total of 612 publications
were extracted, this showed an increasing number of
studies throughout the past years as shown in Fig. 2. Also

Intenational Publications

1

200

1000

8

=3
S

6

S
S

4

=]
=3

2

=3
S

o

2016 2017 2018 2019 2020 2021
Years
Earth & Plant 7.50%
. Agriculture
\11.20%
‘3 10% Biochemistry
46.40% ‘ 4.50% Social Science

r Environmental |
| Science i

7.20% Other
2.90% Chemistry

(C) General Environmental Science
Other 3.60% ,7.60%
Water Science &
Technology , 10.30% V Ecology, 5.80%
Man:glzs;::m & General Environmental
Disposal Chemistry , 13.1%
11.30%
Pollution, 13.70% I Environmental Engineering ,
16.60%

l

Nature & Landscape Conservatlon
5.20%

/." 4.80% Chemical Engineering
4.40% 8.10%

=

Health Toxicology & Mi

0,
Management , Monitoring , ,4.90%

Policy & Law , 8%

Energy Engineering

Fig. 2 A systemic review of literature showing an increasing number of publications for constructed wetland projects over the last few years. a local
Publications (Egypt), b International Publications, ¢ Publications by Subject Area
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a few numbers of local studies discussed their environ-
mental engineering aspects e.g., pollution, environmental
chemistry, waste management and disposal, wastewa-
ter science and technology, management, monitoring,
policy and law, general environmental science, ecology,
nature and landscape conservation, health, toxicology
and mutagenesis, ecological modelling, and global and
planetary change. It was observed that previous studies
lacked discussing landscape and the ecological impact
of wetland ecosystems and the process of environmental
assessment during the design and construction phases
which might compromise the sustainability of the entire
process. This formulates the justification of this study as
an endeavour to attain Egypt’s sustainable development
goals for 2030 concerning climate change, water and
resilient infrastructure.

2.2 Selection criteria and categorization of indicators

for MCWPs assessment
The adopted criteria for MCWPs sustainability indica-
tors’ selection depend on linking the proposed indica-
tors to the UN global SDGs, the national SDGs, as well as
indicators linked to the functional nature of this type of
project. Moreover, indicators were selected because they
were easily interpreted, measurable, practically appli-
cable, and cost-effective [36]. All were then investigated
using a keyword-based analysis of 612 publications to
explore their interrelations and establish their hypotheti-
cal interrelations in Fig. 3.

A set of specific environmental, social, and economic
indicators were selected then sub-categorized and classi-
fied into several indicators to quantitatively evaluate the
performance of MCWPs as in Fig. 4.

2.3 Validation methodology & assigning weights
for indicators

A quantitative analysis was performed to validate the
findings of the previous section, such analysis depends
on a structured questionnaire designed to test the
validity and importance of the selected indicators.
Questionnaires were shared online and also during an
international conference. The relative importance of
indicators was determined by assigning weights that
demonstrate their contribution to the sustainable per-
formance of MCWPs. In addition, weights were used
to determine whether different indicators substitute or
compensate for one another. For this study, the Budget
Allocation Method (BAL) was used to identify the
weights of the main assessment categories, while the
public opinion method was selected for weighting indi-
vidual indicators. The questionnaire design depended
on a combination of open-ended as well as close-ended
questions using a 5-point Likert scale. It consisted of 3
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hierarchical sections, each of a specific objective. (A)
Participants’ Profile: this section consisted of 4 ques-
tions aiming to identify respondents’ backgrounds and
areas of expertise. (B) Identifying weights for main cat-
egories of MCWP sustainability assessment: for this
matter, the BAL method was applied where each par-
ticipant was given 10 points to divide among the 3 cat-
egories of indicators (environmental, socio-cultural,
and economical- technical), and then the total results
were averaged to obtain a mean value determining the
importance of each category. (C) Identifying weights
for individual indicators: in this section, participants
were asked to rate the importance of each indicator
in relation to achieving sustainability using a 5-point
Likert scale, a score of 1 indicated the least important
and 5 indicated the most important. In order to quan-
tify these relative scores, the Weighted Average Index
(WAI) was applied. In this index, values of weighted
scores ranging between 0.2 and 1 were multiplied by
the number of respective respondents and then the
result was divided by the total number of respondents
as shown in Eq. (1) [37].

S fiwi

WAI = Sh (1)

Where fi=frequency of respective respondents, and
wi=weight of each score value

The survey questionnaire was distributed through a
conference and online platforms among a large number
of participants and stakeholders with diverse professional
sectors such as urban designers, landscape architects,
academic researchers, postgraduate and undergraduate
architecture students. The purpose of the questionnaire
was to reach out to a variety of experts with different
backgrounds and cultures, as well as different areas of
interest in built wetland projects, in order to assess the
relevance of the various impacts and factors of CW oper-
ations from various interest perspectives and to assess
their value in attaining landscape sustainability. The
number of respondents reached 131 respondents from
around 18 different nationalities. Participants’ distribu-
tion is shown in Fig. 5.

Statistical analysis was performed using IBM SPSS
Statistics 22 for survey responses. It indicated retaining
the null hypothesis (P<0.05) that assumes a relation-
ship between all variables. Thus, there was a highly sig-
nificant statistical correlation that supported the research
argument. This showed a high certainty ratio. A kurto-
sis analysis shows a normal distribution among all vari-
ables. The Cronbach’s alpha of 0.89 shows high reliability
of obtained results. Also, Pearson’s correlation analysis
showed a high statistical correlation of level (P<0.001) of
many variables.
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2.4 Application of the adapted assessment matrix
on MCWPs

An adaptation of the Leopold Matrix was developed to

link the two main phases of MCWPs on the horizon-
tal axis and the proposed indicators illustrated verti-
cally as shown in Table 1. For each indicator, the matrix
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Category Magnitude (M) Significance (S) Probability (P) Duration (D)
Score

0 No Effect No Significance 0-4% Probability -

1 Low Effect Up to 20% Significance 5-24% Probability Occasional

2 Tolerable Effect 21-40% Significance 25-49% Probability Temporary

3 Medium-High Effect 41-60% Significance 50-74% Probability Short Term

4 High Effect 61-80% Significance 75-99% Probability Long Term

5 Very High Effect 81-100% Significance 100% Certain Permanent
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assesses the Impact Value (IV) through assigning 0-5
scores to evaluate factors of Magnitude (M), Significance
(S), Probability (P), and Duration (D), following Eq. (2)
[38]. Social, economic and technical factors were added
to address the limitation in the original Leopold Matrix
which only focusses on environmental factors.

IV=M %S %P %D (2)

Despite the easy estimation of the magnitude of
impacts on facts-basis, the significance depends on
the evaluator’s value assessment [38]. The significance
of each impact must take into account the impacts of a
change in a given condition on other factors in the envi-
ronment [38].The total IV for each dimension is cal-
culated as a summation of IVs of individual indicators
according to Eq. (3).

Total IV =" Mi# i Pi* Di 3)
=

It is worth noting that a matrix score is an effective
tool in validating the comprehensive assessment method
of MCWPs since it guarantees that each indicator is not
only determent on its onsite calculated value, but other
factors like; significance, duration and probability are
equally considered according to the project phase. The
Ratio of the Impact Factor in relation to the total R is cal-
culated using Eq. (4) and the final evaluation of an indi-
cator ‘T’ is calculated using Eq. (5). Hence, the proposed
assessment tool is shown in Table 2.

R — v @
" Total IV
I =R *W (5)

where W is the weight of the indicator as deduced from
the questionnaire results.

2.5 Case study application

A study among the local community conducted by
Zakaria et al. [39] showed that the acceptance of two
case studies of MCWPs in rural sites in Egypt scored
high value for several reasons, whereas conventional
wastewater treatment plants did not receive the same
acceptance score in another rural site [39]. A pilot
project of a MCWP is currently under construction in
the city of 10th of Ramadan as a part of this research
fund. The park site is located near a wastewater treat-
ment plant, from which domestic wastewater would be
introduced to the constructed wetland after the first
treatment stage (removal of solid waste) to be naturally
treated throughout the wetland. The project site was
selected in a new community to promote civic partici-
pation and create a public green space in an industrial
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Table 2 The proposed assessment tool
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city. After site investigation and coordinating with
local authorities, A site analysis was conducted by the
research team and water samples was taken from the
treatment plant to determine the water quality before
pumping it into the park. Afterwards, Stockholder
meetings and academic workshops were held to discuss
conceptual design and the criteria and sustainability
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indicators of MCWP and answer the questionnaire
from stakeholder perspectives. Currently, the water
course construction is finished, and the cascaded
basins are established. The application of the proposed
matrix on the 10th of Ramadan CW project is shown in
Table 3.

Table 3 Application of the proposed matrix on the 10th of Ramadan’s MCWP?

Impacts Project Activities
Activities Construction Phase Operation Phase
Category Impact Factors (IF) Construction Phase Percentage Operation Phase Percentage
Assessment Achieved (%)  Assessment Achieved
Environmental Climatic Aspects Air Quality 2 40 5 100.00%
Impact Factors 5 > 5 5
5 5
Urban Micro-Climate 2 12.8 5 100.00%
4 2 5 2
2 5
Carbon Foot-print 1 4.8 3 28.80%
3 2 4 2
2 3
Noise 0 0 3 4.80%
0 1 2 2
3 1
Sustainability Energy 5 100 5 100.00%
5 2 5 2
5 5
Materials 5 100 5 100.00%
5 2 5 2
5 5
Solid/ Liquid Wastes 3 60 5 100.00%
5 2 5 2
5 5
Soil 2 6.4 3 48.00%
4 1 5 2
2 4
Biodiversity Flora (Vegetation) 3 60 5 100.00%
5 2 5 2
5 5
Fauna 2 256 4 80.00%
4 2 5 2
4 5
Water Water Reused 0 0 5 100.00%
5 1 5 2
3 5
Water Quality 0 0 4 80.00%
5 1 5 2
3 5

2 MCWP Multifunctional Constructed Wetlands Project
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2.5.1 Project site description

The proposed multifunction park is a long, narrow strip
stretching for about 1 km, covering an area of approxi-
mately 36 km? (1056 m x 35 m). The designated area is a
green belt located next to a sewage treatment plant. This
green belt buffers the wastewater area from the nearby
"Al-Andalus" residential complex. The park site currently
has no plantation. The proposed site is nearly flat, requir-
ing minimal preparation for construction. Moreover, the
excavation works of the wetland water pathway will be
reused in the site to create the required level variations,
thus reducing the transportation costs of debris.

2.5.2 Data collection tools

The data used in the analysis and validation of the pro-
posed assessment tool is categorized into primary data
and secondary data. Moreover, qualitative as well as
quantitative data are mutually employed in the assess-
ment presented in Table 3.

The initial site data is based on the contextual analysis
of the project’s site including preliminary measurements
and reports for air quality, site’s urban micro-climate, soil
quality, as well as water quality of the wastewater treat-
ment plant that is intended to be filtered through the
designed constructed wetlands. Socio-cultural factors are
based on user surveys on the proposed design and sev-
eral workshops that showcase the proposed design of the
project and engage targeted stakeholders in the design
development process. Hence, implementing participa-
tory design concepts and increasing social engagement
and shared values of the project. Economic data values
are based on the expected calculations of economic rev-
enues of the project. Performance data of the project are
attained through the application of digital software tools
such as i-Tree Eco V6 and ENVI met.

3 Results

Scientific contributions of topics concerning constructed
wetlands are increasing in recent years on international
and national scale respectively resulting in 46% of the
screening sample to be of wetlands publications that are
related to environmental science category, based on this
scientific screening, 12 environmental, 9 socio-cultural
and 7 economic indicators were selected, then sub-cate-
gorized and classified into several indicators to quantita-
tively evaluate the performance of MCWPs for the study.
The qualitative analysis showed the impact weights of the
3 main sustainability dimensions proposed as follows;
Environmental Dimension 0.42, Socio-cultural Dimen-
sion 0.29, Economical — Technical Dimension 0. 28.
Preformed kurtosis analysis and Pearson’s correlation
analysis showed high consistency and reliability of the
survey outcome results. The final results applied to the
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case study were presented in an adapted Leopold matrix
in project different phases.

4 Discussion

The limited existing research for constructed wetland
projects makes it challenging to assess the sustainabil-
ity of the project and balance the multi-roles it plays.
This type of project includes both buildings and land-
scape areas, hence, existing rating systems fall behind
presenting a fair account of their sustainability [40, 41].
This may vary depending on the project types, activities,
scale and context or depending on the project phase,
whether design or construction. The main aim of this
research is the development of a conceptual framework
and assessment tool for the sustainability assessment
of MCWPs. The study followed a mixed qualitative/
quantitative research method. The main steps followed
to develop the proposed assessment tool are: 1) iden-
tification, 2) selection of indicators, 3) categorization,
4) assigning weights for indicators, and 5) applying
the adapted assessment matrix on each phase. In this
regard, the study proposes a set of sustainability indi-
cators that comprehensively assess the broad spectrum
of sustainability criteria in MCWPs. It also proposes
appropriate measurement metrics and assigns respec-
tive weights for indicators and sub-indicators. Various
studies have proposed several indicators, nevertheless,
their suitability for hot arid climates was not discussed.
Also, their relative weights indicate the importance of
some indicators over others. Hence, surveying a wide
range of professionals for the relative weights of indica-
tors provides a robust view of the proposed assessment
framework. Also, some responses showed that the
relative weight of some indicators may vary depend-
ing on the project phase. Hence, the proposed frame-
work enables assessing constructed wetland projects at
both the design and construction phases. It accounts
for their multi-roles e.g., environmental, social and
economic. It presents a set of indicators showing their
priorities for local practitioners. Finally, the results are
presented in a clear format using an adapted Leopold
matrix to enable a better understanding of the project’s
state and means of improvement. Based on a thorough
evaluation of recent literature, research constraints
were identified in defining and classifying indicators in
addition to the survey responses’ inherent subjectiv-
ity. Nonetheless, depending on the state of the project,
the proposed model can add or remove indicators. The
proposed Matrix is tested to be easy applicable, user-
friendly assessment tool that can be applied on projects
under construction to evaluate expected sustainability
outcomes, or during the operation stage to monitor the
sustainability performance of the project, and hence
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determine areas of modifications and improvements".
One of the drawbacks of such tool is its dependence
on the assessors’ subjective evaluation of the impact
score in the matrix [42]. Such subjectivity and percep-
tion gaps can be narrowed through the comprehensive
understanding of the performance indicators fulfilled
by the proposed assessment tools and equations, which
would help the assessors to objectively set more accu-
rate scores for indicators.

5 Conclusion

This research aimed to develop a comprehensive assess-
ment framework for evaluating the sustainability of
MCWPs acknowledging the limited existing research
on assessing these projects, as sustainability assess-
ment methods concerning architectural projects pri-
marily focus on built structures, neglecting the unique
aspects of landscape projects. this gap was addressed by
a systematic approach of evaluation considering all three
pillars of sustainability (environmental, social, and eco-
nomic) hence, 28 measurable indicators were selected
and categorized under these three pillars based on UN
SDGs and the project functions. Weights were assigned
to indicators using a combination of the BAL and public
opinion surveys to reflect their relative importance and
priority in achieving sustainability. The impacts of the
proposed indicators on sustainability are investigated
using an adapted Leopold Matrix method which allows
for evaluation during both construction and operation
phases, providing a more holistic view of the project’s
impact. it allows decision-makers to assess the sustain-
ability of their MCWPs along different life cycle stages.
It also allows for comparing the significance of different
indicators. The ultimate result is a complete approach
to decision-making that goes beyond the use of simple
tools or models. This results in a full assessment that
may be used to prioritize actions and track and meas-
ure the sustainability of MCWPs through an integrated
assessment approach to deliver their optimal benefits
while minimizing negative impacts. The framework can
be used by urban planners, landscape architects, and
policymakers in order to promote the wider adoption of
MCWPs for sustainable wastewater treatment and urban
development.
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