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Abstract: This research aims to examine the performance indicators that are crucial for assessing
the implementation of environmental management plans (EMPs) in water projects. To achieve this
aim, a questionnaire survey, integrating a systematic literature review (SLR), was used to identify the
initial performance indicators. Subsequently, ten interviews with environmental professionals were
carried out to uncover additional indicators not identified by the SLR. Following the survey design
and pilot study of the survey, the data collection resulted in 112 valid responses from environmental
professionals engaged in water projects in Saudi Arabia. The data analysis encompassed reliabil-
ity tests, mean ranking, normalized mean analysis, exploratory factor analysis (EFA), and partial
least squares structural equation modeling (PLS-SEM). The normalized mean analysis highlighted
13 critical parameters among 39 for further investigation. The EFA disclosed three underlying con-
structs: environmental impact indicators, operational and safety indicators, waste management, and
public safety indicators. PLS-SEM was used to validate the relationship between these indicators and
the successful implementation of EMPs. The results indicate that all three underlying constructs posi-
tively influence the effective execution of such plans. This is the first study to model the relationships
of the performance indicators in water projects. The study’s findings underscore the importance of
developing precise performance indicators tailored to diverse construction projects that are mainly
focused on water facility construction. The identified performance indicators offer significant insights
for policymakers, practitioners, and researchers and provide a solid foundation for the advancement
of knowledge in the field of environmental management.

Keywords: sustainable development; water projects; environmental management plan; performance
indicators

1. Introduction

Environmental management is of paramount importance when addressing the myriad
challenges and concerns that are present in developing countries [1]. These challenges
encompass diverse facets, such as the urgent need for pollution removal technology, energy
conservation, and rigorous environmental impact assessment. The intricate nature of envi-
ronmental plans, influenced by factors like human life, property, safety, and ecology, adds
a layer of complexity that demands careful consideration [2]. Recognizing the significance
of risk assessment and management in environmental planning is crucial. Moreover, the
integration of social and physical dimensions in environmental management through policy
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planning, which underlines the need for a holistic approach, is one of the main issues that
management currently faces [3–5]. The environmental management plan underscores the
importance of establishing a centralized system for managing environmental data and
facilitating streamlined processes [6]. A humane and participatory approach is needed
for environmental management, one which emphasizes the importance of setting feasible
targets and implementing practical strategies [7,8]. An ecological perspective on environ-
mental management planning emphasizes the importance of considering regional factors
and adopting process-oriented strategies. This holistic approach provides a more com-
prehensive and context-specific understanding [9]. Furthermore, a critical consideration
across different contexts involves finding a balance between fostering economic growth
and ensuring environmental protection, especially amid rapid industrial development [8].

Environmental management is facing a range of issues, including the need for ad-
vanced pollution removal technologies, energy conservation, and rigorous environmental
impact assessments, which pose significant hurdles [1]. Organizations struggle with under-
standing and complying with intricate environmental regulations, implementing practical
solutions to reduce environmental impacts, engaging leadership and employees in environ-
mental practices, and maintaining process efficiency while incorporating environmental
management practices [10]. In parallel, the global oil market’s increasing focus on enhanc-
ing oil recovery requires the addition of chemical components, such as surfactants, alkalis,
and polymers, to oil reservoirs. These additions alter interface structures and impact fluid
flow characteristics and phase interactions, influencing production efficiency and energy
consumption throughout the oil recovery, gathering, processing, and transportation pro-
cesses [11]. The environmental plans are complex, and there are many factors to consider,
such as human life, property, safety, and ecology [2]. Emphasizing the importance of risk
assessment and management in environmental planning and promoting the integration of
social and physical dimensions through policy planning are essential considerations. These
challenges highlight the need for comprehensive and adaptive environmental management
strategies to effectively address the multifaceted issues that are faced on a global scale [12].

Comprehensive environmental management plans offer an array of benefits to orga-
nizations. Improved environmental performance, compliance with legislation, and cost
savings are among the tangible advantages. Furthermore, they can lead to increased profits,
provide access to new markets, and enhance the capability to secure grants [13]. The
intangible benefits are equally significant, as environmental management plans contribute
to a company’s positive image, showcase a commitment to clients’ well-being, and promote
the efficient use of resources. Finally, they provide a structured format for measuring,
managing, and auditing environmental processes, ensuring a systematic and accountable
approach to sustainability goals. In summary, the importance of environmental manage-
ment is underscored by the array of benefits it offers to organizations; it mitigates challenges
while fostering sustainable practices and responsible corporate citizenship.

Despite the importance of having an environmental management plan, it has still not
been fully implemented, especially in water projects. There has not yet been a study that
examines the performance indicators that are crucial for assessing the implementation of
environmental management plans in water projects. To fill this gap, this research aims to
examine the performance indicators that are crucial for assessing the implementation of
environmental management plans in water projects; this examination has the potential to
offer valuable insights and advancements in the field. To achieve this aim, the research
flow starts with a literature review to find previous works and to identify the research gap;
this is followed by the research methodology, which consists of survey development, data
collection, and data analysis. Then, the results are presented, followed by a discussion.
Lastly, the research implications and conclusions are presented. Figure 1 below shows the
conceptual framework of the study.
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2. Literature Review
2.1. Understanding Environmental Management Plans in Water Projects

The existing body of literature reveals diverse perspectives on the implementation of
environmental management plans (EMPs) in water projects. Researchers have explored
the integration of environmental management systems (EMS) under the International Or-
ganization for Standardization (ISO14000) as a decision support tool [14], emphasizing
its applicability in managing water environmental treatment projects [15]. The identi-
fication of construction types and environmental impact factors and the establishment
of control schemes to prevent contamination have emerged as crucial components [15].
Furthermore, the studies have underscored the importance of creating environmental
action plans (EAPs) tailored to water projects that succinctly summarize the constraints,
adverse effects, mitigation measures, and monitoring requirements [16]. The historical
awareness of the environmental consequences in irrigation and water works has prompted
a call for the integration of environmental aspects into the planning process, with an em-
phasis on processes such as identification, implementation, monitoring, and performance
measurement for successful environmental management [17,18]. The case studies on hy-
dropower projects further demonstrate the successful integration of legal requirements and
cooperative relationships among project participants; this integration allows alignment
with the effective implementation of EMPs in water projects [19]. The challenges faced
by water development projects, including delays and cancellations due to environmental
impacts, have prompted the proposal of principles to integrate environmental considera-
tions into decision-making processes [20], offering valuable insights for robust EMPs. The
comprehensive analysis of future trends and directions in water management contributes
to the shaping of EMPs that prioritize long-term sustainability and positive impacts [21].
The recommendations considering environmental flows in water projects align with the
broader goal of ensuring sustainable infrastructure development through well-structured
EMPs [22]. Finally, initiatives to anticipate and mitigate negative environmental impacts
in hydropower projects, covering aspects from water quality to cultural relics, emphasize
the need for comprehensive EMPs tailored to the specific challenges of water projects [23].
Collectively, this literature underscores the multifaceted approaches and considerations
that have been explored in the past to enhance the effectiveness of EMP implementation in
water projects.
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2.2. Environmental Performance Evaluation: Indicators and Insights

The concept of environmental performance (EP) has been thoroughly scrutinized, with
the findings providing a nuanced definition of EP as the culmination of an organization’s
efforts to manage environmental aspects in alignment with its policy, objectives, targets,
and other performance requirements [24]. The importance of environmental performance
indicators emerges prominently, and the literature underscores their increasing significance
at the company level [24]. The researchers advocate an integrated framework that not
only evaluates performance but also uses advanced tools, like the Eco balance tool, to
assess the environmental impact of a company’s products and processes. Simultaneously,
the assessment of the current environmental management systems sheds light on the
need for comprehensive comments on overall environmental performance and provides
insights into the effectiveness of the control exercised by organizations [25]. Environmental
performance evaluation, grounded in a life cycle perspective, is highlighted as essential for
industrial improvement [26].

The literature emphasizes the role of indicators in conveying the current state of
environmental issues and in driving the improvements that are beneficial to both the com-
pany and the environment [27]. The studies stress the strategic importance of developing
environmental performance indicators for managerial control, strategic advantages, and
performance reporting across different company functions. The assessment extends beyond
traditional industry settings, with studies evaluating an industrial port and estate, utilizing
specific environmental performance indicators to identify deficiencies, and recommending
improvements [28]. The literature collectively underscores the increasing interest in envi-
ronmental performance assessment, detailing historical contexts, diverse approaches, and
the pivotal role of indicators as potent tools for both performance evaluation and public
information [29]. This body of work contributes significantly to understanding the broader
landscape of performance indicators for assessing environmental management plans and
their relevance in diverse organizational contexts.

2.3. Comparative Analysis of Performance Indicator Studies across Construction Projects

Table 1 presents previous performance indicator studies across construction projects.
In [30], the paper aimed to investigate the performance indicators (PIs) that are crucial
for assessing EMP implementation in highway construction projects. The data collection
methods involved a systematic review, interviews, and a questionnaire survey, while the
data analysis employed mean score ranking, normalization, agreement analysis, factor
analysis, and fuzzy synthetic evaluation (FSE). The findings revealed 21 critical PIs that
are essential for evaluating EMP implementation in highway construction projects. Then,
the next paper [8] focused on examining the PIs for assessing EMP implementation in road
construction projects. As with the previous study, it used a systematic review, interviews,
and a questionnaire survey for data collection, and it applied analytical methods such as
mean score ranking, normalization, agreement analysis, overlap analysis, factor analysis,
and fuzzy synthetic evaluation. The outcome of the analysis identified 18 key PIs that are
crucial for monitoring EMP execution in road construction projects. The third paper [31]
aimed to identify performance indicators for assessing EMPs in road and highway con-
struction projects. It gathered qualitative data from certified environmental assessors and
environmental observers from the Department of Environment through interviews and
used thematic analysis for data interpretation. The study identified three themes and
eight subthemes related to EMP performance indicators in road and highway construction
projects. The fourth paper [32] focused on examining PIs for assessing EMP implementation
in water supply construction projects. The data collection methods included a system-
atic review, interviews, and a questionnaire survey, while the data analysis techniques
involved mean ranking analysis, the normalization method, principal component analysis
(PCA), and FSE. The study identified 18 critical PIs that are essential for evaluating EMP
implementation in water supply construction projects. In this study, the focus is on the
critical indicators for assessing EMP implementation in water projects. The data collection
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methods encompassed a systematic review, interviews, and a questionnaire survey, while
the data analysis techniques included reliability tests, mean ranking, normalized mean
analysis, EFA, and partial least squares structural equation modeling (PLS-SEM).

Table 1. Comparative analysis of performance indicator studies.

Paper Aim Data Collection Data Analysis Findings

[30]

To investigate PIs for
assessing EMP

implementation in highway
construction projects.

Systematic review + Interviews +
Questionnaire survey

Mean score ranking,
Normalization method,

Agreement analysis,
Factor analysis, and FSE

21 critical PIs

[8]

To examine the PIs for
assessing EMP

implementation in road
construction projects

Systematic review + Interviews +
Questionnaire survey

Mean score ranking,
Normalization method,

Agreement analysis,
Overlap analysis, Factor

analysis, and FSE

18 key PIs

[31]

To identify performance
indicators for assessing

EMPs of road and highway
construction projects.

Acquiring qualitative data from
certified EAs and EOs from the

DOE + Interviews
Thematic analysis 3 themes and

8 subthemes

[32]

To examine the PIs for
assessing EMP

implementation in water
supply construction

projects

Systematic review + Interviews +
Questionnaire survey

Mean score ranking,
Normalization method,

PCA, and FSE
18 critical PIs

This paper

To examine PIs crucial for
assessing the

implementation of EMPs in
water projects

Systematic review + Interviews +
Questionnaire survey

Mean score ranking,
Normalized method, EFA,

and PLS-SEM

13 critical parameters
and 3 underlying

constructs

2.4. Research Gap

Despite the extensive exploration of the multifaceted approaches and considerations in
EMPs for water projects, there is a research gap related to the identification and examination
of the performance indicators that are crucial for assessing the implementation of EMPs.
Further research is needed to develop a comprehensive understanding of the indicators that
effectively measure the success and impact of EMPs in water projects in order contribute to
improved environmental sustainability and management practices. Hence, to cover this
gap, this research aims to examine the performance indicators that are crucial for assessing
the implementation of EMPs in water projects.

3. Methodology

The methodological procedures for this research are separated into four phases to
assist in achieving the research aim. Figure 2 illustrates the methodological procedures of
this research.

3.1. Survey Development

This study employed a questionnaire survey to quantitatively assess the implemen-
tation of EMPs in water projects across Saudi Arabia. Surveys are a well-established and
effective means of gathering a wide range of responses from professionals, especially when
random sampling techniques are used [33]. The following sections will delve into the
process of developing the survey used in this research.

It is worth noting that although the variables used in the study by Radzi et al. (2024) [32]
and those in this study are similar, the analyses conducted are distinct. Despite both
studies utilizing the same survey instrument, it is important to note that the analyses
were conducted for different research objectives, resulting in variations in the findings
and interpretations. The mean ranking table may appear identical because it represents
an output of the process rather than direct replication. Moreover, this study is part of a
broader research endeavor, contributing to a comprehensive understanding of the topic.
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3.1.1. Systematic Literature Review

To identify potential performance indicators, a systematic literature review (SLR)
was conducted. The SLR process began with a search for relevant articles in the Scopus
database using the “title/abstract/keyword” function. The keywords used were “water”
AND “construction” AND “indicator” AND “environment*”. As a result, 129 papers
were identified. To ensure the selected literature was eligible for this review, inclusion
and exclusion criteria were used. First, the articles were selected from peer-reviewed
journals only due to their higher quality, which results from a more thorough peer review
process [34]. Second, articles directly related to performance indicators in construction
projects were considered. Third, the articles were written in English. After the initial
screening of the abstracts, 26 articles were identified as potentially suitable for further
review. After a comprehensive examination of their content, 13 articles were found to be
valid for further investigation.
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3.1.2. Semi-Structured Interview

Semi-structured interviews were conducted with environmental professionals. Non-
probabilistic sampling, which is purposive sampling, was employed to select the par-
ticipants. Ten environmental professionals were involved in the interviews to identify
performance indicators that were not reported in the existing literature. This method of
combining both SLR data and interview data to comprehensively identify the relevant
variables during survey development has been employed in previous works [35]. The
interview began with an introduction to the interview’s purpose and topic. The questions
were then presented, with follow-up questions used when necessary to clarify responses.
The questions were adjusted as needed to ensure accuracy. At the end of each interview,
gratitude was expressed to the participants. After each interview, a summary was shared
with the respondents for validation. Following Braun and Clarke’s technique, thematic
analysis was applied to the interview data to develop a comprehensive list of performance
indicators [34].

3.1.3. Survey Design

The performance indicators identified in both the semi-structured interviews and the
SLR were combined to create the survey, resulting in a total of 39 indicators (see Table 2).
The survey’s first page included the study objectives and contact information. The first part
of the survey asked about the backgrounds of the respondents and their experience related
to water projects. The Section 2 presented the list of performance indicators identified
through the SLR and interviews. The respondents were requested to rank the performance
indicators using a five-point Likert scale, with one being not important and five being
very important. The Likert scale was chosen for its precision, and it is commonly used
in construction management research [36]. Finally, the respondents were provided with
space at the end of the survey to add and rank any additional performance indicators that
they deemed necessary. It is important to clarify that the performance indicators listed
in Table 1 were derived from a combination of sources, including SLRs, semi-structured
interviews, and a pilot study. These indicators were not arbitrarily selected by the authors
but emerged as outputs of the survey development process. They represent a synthesis
of insights gathered from different approaches to ensure comprehensive coverage and
relevance to the study objectives.

Table 2. Performance indicators identified in prior works and semi-structured interviews.

Code Performance Indicators Sources

IND01 Soil erosion Interview; [37,38]
IND02 Traffic accidents on construction site Interview; [39–41]
IND03 The smells of the run-off water Interview; [38,42]
IND04 Dust appearance Interview; [43]
IND05 Spills of chemical substances [44]
IND06 Construction waste [38,45–47]
IND07 Clogged drainage [37]
IND08 Overflowed silt trap Interview
IND09 Oil/fuel spills Interview; [44]
IND10 Traffic accidents among public users Interview
IND11 Visibility drops Interview; [43]
IND12 Changes in the color of bodies of water Interview
IND13 Excessive cut and fill Interview; [48]
IND14 Traffic emission gas [43,44,49]
IND15 Vegetation depletion [37,45,48,50,51]
IND16 Wildlife appearance on construction sites [42,43,45,48,49,52]
IND17 Unpleasant air odors [43,44,53,54]
IND18 Changes in the color of the run-off water Interview
IND19 Landslide occurrence Interview; [39]
IND20 Light pollution (during nighttime) [38,42]
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Table 2. Cont.

Code Performance Indicators Sources

IND21 Restricted site accessibility [43]
IND22 The smell of nearby bodies of water Interview
IND23 Slope failures Interview; [37,48,51]
IND24 Depletion of agricultural land [39]
IND25 Excessive noise Interview
IND26 Irregular flood Interview
IND27 Destruction of animal habitat [38,42,43,48,49]
IND28 Public safety [37]
IND29 Deforestation [39,48]
IND30 Changes in the color of silt traps Interview
IND31 Open burning Interview
IND32 Alteration of topography [51]
IND33 Spread of disease [55]
IND34 Vibration occurrences Interview
IND35 Traffic congestion Interview
IND36 Social disturbance [46]
IND37 Increase in scheduled waste [38,45–47]
IND38 Road safety hazards Interview
IND39 Proliferation of pests [46]

3.1.4. Pilot Test

The feedback obtained from the pilot test is crucial for improving the survey’s quality
and estimating completion time [56]. Hence, a pilot test involving ten personnel, from both
industry and academia, with over ten years of experience in water projects, was conducted.
Following feedback from the participants in the pilot test, adjustments were made to refine
the survey, resulting in its finalization.

3.2. Data Collection

The target population for this study involved environmental professionals who had
experience in water projects in Saudi Arabia. In this study, purposive sampling was em-
ployed. Purposive sampling involves selecting knowledgeable and skilled individuals [57]
who are available, willing to participate, and capable of articulating their experiences and
opinions clearly, expressively, and reflectively [58]. A total of 112 valid responses were
obtained. Table 3 demonstrates that the majority of the respondents possessed ten or more
years of experience in water projects. Additionally, 72.3% of the respondents reported
involvement in at least two water projects. These findings suggested that the collected data
were reliable for further analysis, given the significant level of professional experience in
water projects among the respondents.

Table 3. Background of respondents.

Characteristics Categories Frequency Percent (%)

Years of experience in water projects

Fresh graduate 17 15.2
Less than 3 years of experience 12 10.7

3 to 10 years 17 15.2
10 to 15 years 17 15.2

More than 15 years of experience 49 43.8

Number of water projects involved in

Only 1 project 31 27.7
2 to 5 projects 23 20.5

6 to 10 projects 14 12.5
11 to 20 projects 17 15.2

More than 20 projects 27 24.1
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3.3. Data Analysis
3.3.1. Data Reliability

A reliability analysis was performed to assess the consistency and reliability of the sur-
vey. Cronbach’s alpha (α) coefficient was utilized to evaluate the internal consistency of the
39 performance indicators. A value of α equal to or greater than 0.70 is commonly regarded
as acceptable [59]. The 39 performance indicators yielded an overall score of 0.944 at a
significance level of 5%, confirming the reliability of the data. Next, the dataset underwent
screening using the two-standard deviation approach to identify any outliers [32]. Based
on the calculation, the calculated intervals for the two-standard deviation method were
4.178 and 2.504. Hence, IND29 and IND28 were identified as outliers as they fell outside
the two-standard deviation interval values. As a result, IND29 was excluded from further
analysis as it was considered less critical by professionals compared to the other indicators.
However, “Public safety” (IND28) was retained for further analysis, as it was deemed
potentially very important. IND28 might be of paramount importance in a water project,
justifying its retention despite its being an outlier.

3.3.2. Mean Ranking Analysis and Normalization Method

Initially, mean score ranking analysis was utilized to ascertain the relative rankings
of the performance indicators. In instances where multiple indicators exhibited identical
mean values, priority was accorded to those demonstrating the lowest standard deviation
(SD). A lower standard deviation (SD) implies that the variations in responses are not
statistically significant; thus, the reliability of the mean value as a representation for the
majority of respondents is enhanced [59]. Following the ranking of performance indicators,
a normalization method was applied to identify the crucial performance indicators [60].
Using this approach, the minimum mean value was standardized to 0, while the maximum
mean value was standardized to 1. Subsequently, the remaining mean values were trans-
formed into decimal values within the range of 0 to 1. The performance indicators with
normalized values of 0.60 or higher were identified as critical performance indicators.

3.3.3. Exploratory Factor Analysis (EFA)

EFA is a statistical technique used to investigate potential correlations among perfor-
mance indicators. To ascertain the sample size required for EFA, the ratio of the sample
size to the number of variables was computed. With 13 critical performance indicators
identified through the normalization method, the calculated ratio of the sample size to
the number of variables exceeded the recommended threshold of 5 [61,62], indicating an
adequate sample size. Next, the Kaiser–Meyer–Olkin (KMO) value and Bartlett’s test of
sphericity were assessed to ensure the suitability of the data for conducting EFA. The KMO
value should be greater than 0.50 [63]. Bartlett’s test of sphericity was used to evaluate
the relationships between the variables. If the original correlation matrix is not an identity
matrix, the data are deemed suitable for EFA [64]. Moreover, PCA was used to extract
factors and to identify the underlying constructs within the dataset. In addition, variables
with factor loadings of more than 0.50 were regarded as significant and valuable for the
interpretation of these constructs [65].

3.3.4. Partial Least Squares Structural Equation Modeling (PLS-SEM)

In this study, structural equation modeling (SEM) was utilized to test the hypothe-
ses. SEM facilitates the direct measurement of observed variables; latent variables are
inferred from these observed variables. A structural equation model encompasses both
measurement and structural components. The measurement model delineates the as-
sociation between each observed variable and its corresponding latent variable, while
the structural model elucidates the relationships among the latent variables. SEM exists
in two principal forms: covariance-based SEM (CB-SEM) and partial least squares SEM
(PLS-SEM). PLS-SEM was favored over CB-SEM due to its superior ability to handle non-



Sustainability 2024, 16, 3146 10 of 19

normal datasets and small sample sizes [66]. Moreover, PLS-SEM is suitable for exploratory
research involving theoretical models that are not well established [67].

PLS-SEM generates both measurement models and a structural model. The outer
measurement model is designed to assess the consistency and validity of observed vari-
ables. Convergent validity and discriminant validity are key criteria used to evaluate
the validity of the measurement model. To ascertain convergent validity, metrics such as
Cronbach’s alpha, composite reliability (CR) scores, and average variance extracted (AVE)
are employed. It is recommended that Cronbach’s alpha, which measures the internal
consistency of indicators, should surpass a threshold of 0.5 [68], while CR scores should
be above 0.6 [69]. Convergent validity is assessed using AVE, with a value greater than
0.5 considered satisfactory [69], indicating that, on average, the construct explains over 50%
of the variance of its items. Then, the discriminant validity of the measurement model is
assessed. Discriminant validity plays a crucial role in assessing theoretical relationships
between constructs [70]. A study by Hulland [71] proposed two methods to evaluate
discriminant validity: the Fornell–Larcker criterion and indicator cross-loading analysis.
According to the Fornell–Larcker criterion, the variance within a construct should outweigh
the variance between that construct and any other construct. Cross-loading analysis ensures
that the indicators exhibit stronger correlations with the construct they are intended to
measure compared to any other constructs in the model [72]. After evaluating the measure-
ment model, the validity of the structural model is evaluated based on the significance and
relevance of the relationships within the model.

4. Results
4.1. Result of Mean Ranking Analysis and Normalization Method

Table 4 displays the results of the mean ranking analysis and normalization method for
assessing EMP implementation in water projects in Saudi Arabia. The critical performance
indicators, identified by the fact that they have normalized mean values of at least 0.60,
are presented. A total of thirteen indicators met this criterion; thus, they qualified as
critical performance indicators. These thirteen indicators, with normalized values of 0.60 or
above, are considered critical for the evaluation of EMP implementation in water projects
in Saudi Arabia.

Table 4. Critical performance indicators for assessing EMP implementation.

Code Performance Indicator Mean Standard Deviation Normalized Value Rank

IND28 Public safety 4.214 1.043 1.000 * 1
IND38 Road safety hazards 4.098 0.910 0.929 * 2
IND04 Dust appearance 3.955 0.874 0.842 * 3
IND07 Spills of chemical substances 3.839 1.205 0.772 * 4
IND26 Construction waste 3.813 1.061 0.755 * 5
IND06 Construction waste 3.795 1.428 0.745 * 6
IND25 Excessive noise 3.759 1.042 0.723 * 7
IND01 Traffic accidents on construction site 3.732 1.147 0.707 * 8
IND19 The smells of the run-off water 3.696 1.130 0.685 * 9
IND37 Dust appearance 3.661 0.982 0.663 * 10
IND12 Changes in the color of bodies of water 3.652 1.213 0.658 * 11
IND09 Oil/fuel spills 3.634 1.464 0.647 * 12
IND21 Restricted site accessibility 3.571 1.145 0.609 * 13

Note: * Represents performance indicators with normalized values > 0.50.

4.2. EFA Results

The Kaiser–Meyer–Olkin (KMO) value calculated for the performance indicators
stands at 0.856, surpassing the minimum threshold of 0.50. Conversely, Bartlett’s test of
sphericity yielded a significant p-value of 0, indicating that the dataset was not an identity
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matrix. Consequently, the data were deemed suitable for exploratory factor analysis (EFA).
Table 5 presents all the critical performance indicators that were successfully loaded onto
the three underlying constructs. Collectively, these constructs accounted for 58.838% of the
total variance. To assign appropriate labels to each construct, factors with higher factor
loadings or the complete set of variables can be considered [69]. Hence, these constructs
were named ‘Environmental impact indicators’, ‘Operational and safety indicators’, and
‘Waste management and public safety indicators’.

Table 5. Results of EFA.

Constructs Performance Indicators for Assessing
EMP Implementation Code Factor

Loadings
Variance

Explained

Environmental Impact Indicators

Spill of chemical substance IND06 0.802

29.562

Oil/fuel spills IND09 0.769
Changes in the color of bodies of water IND12 0.760
Clogged drainage IND07 0.755
Soil erosion IND01 0.725
Slope failures IND25 0.571
Landslide occurrence IND19 0.571

Operational and Safety Indicators
Restricted site accessibility IND21 0.802

15.358Irregular flood IND26 0.728
Road safety hazard IND38 0.670

Waste Management and Public
Safety Indicators

Increase in scheduled waste IND37 0.749
13.919Construction waste IND04 0.652

Public safety IND28 0.628

4.3. Hypotheses Development

Based on the EFA results, three hypotheses were developed:

H1: Environmental impact indicators positively influence EMP implementation.

H2: Operational and safety indicators positively influence EMP implementation.

H3: Waste management and public safety indicators positively influence EMP implementation.

4.4. PLS-SEM Results
4.4.1. Measurement Model Evaluation

Convergent validity refers to the level of agreement between two or more indicators
of the same construct. Table 6 illustrates that all the indicator loadings exceeded the
recommended value of 0.60 for exploratory research. According to Table 6, the Cronbach’s
alpha values for all the constructs exceeded 0.5, indicating indicator reliability. Furthermore,
the CR values, representing internal consistency, ranged from 0.898 to 0.771; thus, they all
surpassed the 0.60 threshold and affirmed the adequacy of internal consistency reliability in
this model. Additionally, the AVE values for all three constructs exceeded the 0.50 threshold
required for convergent reliability.

After evaluating the measurement model, the subsequent step involves assessing its
discriminant validity using the Fornell and Larcker criterion. According to the findings
in Table 7, the measurement indicates satisfactory discriminant validity, as the highest
correlation of a construct is with itself. An alternative approach to the assessment of the
discriminant validity of the measurement model involves examining the cross-loadings of
the indicators. As shown in Table 8, each indicator displayed the highest factor loading on
the construct it was designed to measure in the model. This confirmation indicates that the
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measurement model exhibits sufficient convergent and discriminant validity for structural
path modeling.

Table 6. Measurement model evaluation.

Constructs Code Indicators Outer
Loadings

Cronbach’s
Alpha CR AVE

Environmental
Impact Indicators

IND06 Spill of chemical substance 0.819

0.866 0.898 0.558

IND09 Oil/fuel spills 0.803
IND12 Changes in the color of bodies of water 0.683
IND07 Clogged drainage 0.816
IND01 Soil erosion 0.743
IND25 Slope failures 0.674
IND19 Landslide occurrence 0.671

Operational and
Safety Indicators

IND21 Restricted site accessibility 0.836
0.689 0.828 0.618IND26 Irregular flood 0.826

IND38 Road safety hazards 0.687

Waste Management and
Public Safety Indicators

IND37 Increase in scheduled waste 0.676
0.568 0.771 0.530IND04 Construction waste 0.698

IND28 Public safety 0.803

Table 7. Discriminant validity (Fornell–Larcker).

Constructs Environmental
Impact Indicators

Operational and
Safety Indicators

Waste Management and
Public Safety Indicators

Environmental Impact Indicators 0.747 - -
Operational and Safety Indicators 0.485 0.786 -
Waste Management and Public Safety Indicators 0.419 0.457 0.728

Table 8. Indicators’ cross-loading.

Indicators Environmental
Impact Indicators

Operational and
Safety Indicators

Waste Management and
Public Safety Indicators

IND06 0.819 0.340 0.392
IND09 0.803 0.421 0.322
IND12 0.683 0.240 0.112
IND07 0.816 0.448 0.276
IND01 0.743 0.309 0.336
IND25 0.674 0.427 0.345
IND19 0.671 0.328 0.387
IND21 0.416 0.836 0.330
IND26 0.417 0.826 0.414
IND38 0.299 0.687 0.331
IND37 0.160 0.356 0.676
IND04 0.265 0.328 0.698
IND28 0.433 0.331 0.803

4.4.2. Structural Model Evaluation

The structural model evaluation of PLS-SEM is crucial as it involves validating the
proposed hypotheses using bootstrapping. Accordingly, the structural model evaluation
conducts bootstrapping with 5000 subsamples [72]. Table 9 presents the results of the
structural model evaluation. As a result, all three components are validated to induce EMP
implementation positively.
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Table 9. Structural model evaluation.

Relationships Path Coefficient T Statistics p Values Results

Environmental Impact Indicators → EMP Implementation 0.735 14.727 0.000 Supported
Operational and Safety Indicators → EMP Implementation 0.262 7.786 0.000 Supported
Waste Management and Public Safety Indicators → EMP Implementation 0.194 5.867 0.000 Supported

5. Discussion
5.1. Environmental Impact Indicators

Environmental impact indicators, which are instrumental in steering the implementa-
tion of environmental management plans in Saudi Arabian water projects, have garnered
significant attention due to their pronounced effects. Notably, the impact of chemical spills
has been a subject of concern [73]. These spills pose a substantial threat to water quality,
necessitating the detection, control, and removal of hazardous substances [74]. These recent
studies collectively underscore the urgent need for comprehensive measures to prevent
and address chemical spills. Similarly, the implementation of environmental management
plans is significantly influenced by oil and fuel spills, events with the potential for severe
pollution and environmental damage. It is highly critical for effective pollution prevention
and control plans, especially in response to human errors and equipment failure. In [75], the
research further emphasizes the importance of risk assessment and emergency treatment
plans for water sources affected by oil spills, especially with regard to water quality and
safety. Protection, response, and cleanup techniques play a critical role in minimizing the
environmental impacts of the freshwater spill response.

These recent studies collectively stress the need for robust environmental management
plans to address the potential impact of oil and fuel spills on water projects. Moreover,
the aesthetic assessment of water bodies, including their color, plays a pivotal role in guid-
ing water quality management and environmental impact analysis in water projects [75].
However, the implementation of environmental management plans faces challenges re-
garding the potential adverse effects of leaching from submerged soils, which affects
water quality [76]. Additionally, water conservancy projects can induce significant hydro-
ecological impacts, such as changes in river discharge and sediment, exacerbated by alter-
ations in water color. Consequently, changes in the color of bodies of water directly impact
the implementation of environmental management plans in water projects, especially with
regard to water quality and ecological balance. Collectively, these insights underscore the
intricate relationship between environmental impact indicators and the success of EMPs
implementation in Saudi Arabian water projects [32].

5.2. Operational and Safety Indicators

Operational and safety indicators play a pivotal role in influencing the effective imple-
mentation of environmental management plans in water projects in Saudi Arabia. These
indicators are essential components, ensuring the seamless execution of project activities
while prioritizing the safety of personnel and the surrounding environment. The intercon-
nected nature of operational efficiency, safety measures, and environmental management is
critical in water projects, given the potential risks associated with construction and mainte-
nance activities in ecologically sensitive areas. One key operational indicator that directly
impacts the execution of an environmental management plan is restricted site accessibility.
In Saudi Arabia, where water projects navigate diverse landscapes, the accessibility of
project sites becomes paramount. Restricted access can impede the deployment of mon-
itoring and mitigation measures, making it difficult to promptly address environmental
concerns. An effective environmental management plan should incorporate strategies to
overcome site accessibility challenges, facilitating efficient monitoring and intervention
efforts. Irregular floods represent another operational and safety concern affecting the
successful implementation of environmental management plans in water projects [77].
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The unpredictable nature of floods poses threats to both project infrastructure and the
surrounding environment. In Saudi Arabia, where flash floods are possible in many areas,
integrating careful planning and preemptive measures into environmental management
plans becomes crucial [78–80]. This includes establishing early warning systems and de-
signing resilient infrastructure to withstand unforeseen flood events, safeguarding both
operational continuity and the local ecosystem. Road safety hazards, although seemingly
unrelated to environmental concerns, play a vital role in the overall success of environmen-
tal management plan implementation in water projects. The transportation of materials
and personnel involves road networks that can pose risks to both human safety and the
environment. Accidents or spills during transportation can have immediate consequences
on water quality and nearby ecosystems. Therefore, an effective environmental manage-
ment plan should incorporate stringent road safety protocols, minimizing the likelihood
of accidents and ensuring the safe transportation of materials and consequently reducing
potential environmental impacts [81,82].

5.3. Waste Management and Public Safety Indicators

Waste management and public safety indicators stand as pivotal elements influencing
the robust implementation of environmental management plans in water projects across
Saudi Arabia. The effective handling of waste, both during and after project execution,
directly contributes to the preservation of ecosystems and the prevention of environmental
degradation. Additionally, ensuring public safety is paramount in regions where water
projects often intersect with inhabited areas. Recognizing the interconnectedness of waste
management, public safety, and environmental sustainability is crucial for the success-
ful execution of water projects in the kingdom [83]. The first critical indicator, increased
schedule waste, poses a significant challenge to environmental management plan imple-
mentation. The generation of scheduled waste, such as hazardous materials, demands
meticulous attention. Improper disposal or mismanagement of such waste can lead to
soil and water contamination, endangering both human health and the environment. An
effective environmental management plan must incorporate stringent waste management
practices, including proper disposal and treatment procedures, to mitigate the potential
adverse effects of increased scheduled waste.

Construction waste can have a significant impact on the environment, including pollu-
tion, habitat disruption, and visual blight. To minimize these impacts, an environmental
management plan for water projects should include measures to reduce, reuse, and recycle
construction waste. Such a plan should identify the types of debris that the project will
generate, estimate the types and quantities of materials or waste generated by the project
site, and propose intended disposal methods. Successful waste management plans should
also contain goals for waste recycling, salvage, or reuse. A well-developed construction site
waste management plan (SWMP) will help to eliminate or reduce construction waste and
protect the environment and public health [84]. Public safety is an essential indicator that in-
fluences the success of environmental management plans in water projects. The interaction
between project activities and the public requires careful consideration to prevent accidents
and ensure the well-being of local communities. In water projects, potential hazards such as
open excavation sites, heavy machinery, and altered traffic patterns can pose risks to public
safety. A robust environmental management plan must integrate measures to address
and mitigate these safety concerns, ensuring a harmonious coexistence between project
activities and the surrounding communities [85].

6. Implications
6.1. Practical Implications: Environmental Impact Indicators

This comprehensive study of environmental impact indicators in Saudi Arabian water
projects has significant practical implications for the effective implementation of EMPs.
The identified environmental impact indicators, derived through a meticulous process
involving a systematic literature review, interviews with environmental professionals, and
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a survey incorporating 39 performance indicators, offer valuable insights for practitioners.
The study emphasizes the critical importance of addressing chemical spills, especially
those threatening water quality; these spills necessitate robust detection, control, and
removal measures. Moreover, the research underscores the need for effective pollution
prevention and control plans, especially in response to oil and fuel spills, highlighting the
urgent need for risk assessment and emergency treatment plans. Additionally, the study
reveals the impact of aesthetic assessments, such as changes in watercolor, on water quality
management, emphasizing the need for a holistic approach to environmental management
plans in Saudi Arabian water projects. In practical terms, professionals in the field are
urged to integrate these insights into their EMPs to enhance the overall environmental
sustainability of water projects.

6.2. Theoretical Implications: Environmental Impact Indicators

The theoretical implications derived from the study of environmental impact indi-
cators in Saudi Arabian water projects contribute significantly to the broader theoretical
framework of environmental management in construction projects. By employing a system-
atic literature review, interviews, and a comprehensive survey, the study not only identifies
the specific environmental impact indicators that are crucial for EMP implementation, it
also highlights the intricate relationship between these indicators and project success. The
incorporation of theoretical perspectives from environmental sciences, risk assessment,
and emergency response planning enriches the understanding of how theoretical concepts
translate into practical strategies for safeguarding water quality and ecological balance.
The study underscores the relevance of considering aesthetic assessments, such as changes
in watercolor, within the theoretical constructs of environmental impact analysis. The
theoretical framework developed through this research provides a foundation for future
studies in the field of construction management, offering insights into the interplay of
environmental indicators and the success of EMP implementation. Researchers and aca-
demics can use these theoretical underpinnings to expand upon existing environmental
management theories and refine conceptual models, fostering a deeper understanding of
the theoretical landscape surrounding construction projects in ecologically sensitive areas.

7. Conclusions

This research aims to examine the performance indicators that are crucial for assessing
the implementation of EMPs in water projects. To achieve the study’s aim, this paper
conducted a questionnaire survey. The survey development included the conducting of
an SLR to identify performance indicators. Subsequently, ten interviews were conducted
with environmental professionals to identify potential indicators not identified by the SLR.
After designing the survey and conducting a pilot study, the survey was finalized for
data collection. In total, there were 112 valid responses from environmental professionals
involved in water projects in Saudi Arabia. The data analysis included reliability tests, mean
ranking, normalized mean analysis, EFA, and PLS-SEM. The normalized mean analysis
identified 13 critical parameters out of 39 for subsequent analyses. EFA revealed three
underlying constructs: environmental impact indicators, operational and safety indicators,
and waste management and public safety indicators. PLS-SEM was employed to validate
the relationship between these indicators and the implementation of the environmental
management plan. Although the aim of the paper was achieved, it is essential to point out
this limitation. The identified literature from the SLR comprised only 13 articles, which
may have affected the quality of the results. The questionnaire survey and the interviews
helped in overcoming this limitation.

This study stands out due to its comprehensive investigation of environmental impact
indicators and their pivotal role in shaping EMPs for Saudi Arabian water projects. The find-
ings suggest that all three underlying constructs positively influence the implementation of
such plans. By delving into the specific importance and challenges of the EMP indicators,
this research significantly enriches the field of environmental management. Furthermore,
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the study’s findings underscore the importance of developing precise performance indica-
tors that are tailored to the diverse construction projects and are focused on the construction
of water facilities. This broader implication highlights the crucial need for customized
strategies to effectively address environmental concerns across different sectors, thereby
fostering sustainable development practices. The identified performance indicators offer
valuable insights for policymakers in shaping effective environmental management plans.
Practitioners can benefit from the detailed analysis of the critical parameters and underlying
constructs; this analysis enables them to enhance the implementation of such plans in water
projects. Furthermore, researchers can build upon the findings of this study and contribute
to the ongoing development of knowledge in the field of environmental management.
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