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A. Supplementary Table S1 — PRISMA 2020 main checklist (27 items)
Source: Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. Compliance status reflects the revised manuscript (manuscript_PRISMA_revised.docx) after tracked-change acceptance.

	Section / Topic
	#
	Checklist item
	Location in revised manuscript
	Status

	Title
	1
	Identify the report as a systematic review.
	Title (revised subtitle added)
	Yes

	Abstract
	2
	See the PRISMA 2020 for Abstracts checklist.
	Abstract (restructured: Background/Objectives, Methods, Results, Discussion/Conclusions)
	Yes

	Introduction
	3
	Describe the rationale for the review in the context of existing knowledge.
	Introduction, paragraphs 1–4
	Yes

	Introduction
	4
	Provide an explicit statement of the objective(s) or question(s) the review addresses.
	Abstract (Objectives); Introduction, final paragraph
	Yes

	Methods – Eligibility criteria
	5
	Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
	Methods §2.3 (Inclusion criteria revised with PECO framework)
	Yes

	Methods – Information sources
	6
	Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted; specify the date when each source was last searched.
	Methods §2.2 (Search Strategy — last search 31 January 2025)
	Yes

	Methods – Search strategy
	7
	Present the full search strategies for all databases, registers, and websites, including any filters and limits used.
	Methods §2.2: full per-database search strategies in Supplementary Material S2
	Partial

	Methods – Selection process
	8
	Specify the methods used to decide whether a study met the inclusion criteria, including how many reviewers screened each record and each report retrieved, whether they worked independently, and, if applicable, details of automation tools used.
	Methods §2.4 (Study Selection — revised: two independent reviewers, third for tiebreak)
	Yes

	Methods – Data collection process
	9
	Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked independently, any processes for obtaining or confirming data from study investigators, and, if applicable, details of automation tools used.
	Methods §2.6 (Data Extraction and Synthesis — revised: piloted form, dual extraction)
	Yes

	Methods – Data items
	10a
	List and define all outcomes for which data were sought.
	Methods §2.3 (Outcomes a–c within PECO frame)
	Yes

	Methods – Data items
	10b
	List and define all other variables for which data were sought.
	Methods §2.6 (extraction items enumerated)
	Yes

	Methods – Study risk of bias assessment
	11
	Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each study and whether they worked independently, and, if applicable, details of automation tools used.
	Methods §2.5 (NEW subsection: Methodological Quality and Risk of Bias Assessment — JBI checklists + grey-literature rubric)
	Yes

	Methods – Effect measures
	12
	Specify for each outcome the effect measure(s) used in the synthesis or presentation of results.
	Methods §2.7 (Synthesis — narrative; meta-analysis not appropriate)
	N/A

	Methods – Synthesis methods
	13a
	Describe the processes used to decide which studies were eligible for each synthesis.
	Methods §2.7 (six pre-specified domains)
	Yes

	Methods – Synthesis methods
	13b
	Describe any methods required to prepare the data for presentation or synthesis.
	Methods §2.6–§2.7 (tabulation and triangulation)
	Yes

	Methods – Synthesis methods
	13c
	Describe any methods used to tabulate or visually display results of individual studies and syntheses.
	Methods §2.7; Results Tables 1–2
	Yes

	Methods – Synthesis methods
	13d
	Describe any methods used to synthesise results and provide a rationale for the choice(s).
	Methods §2.7 (thematic synthesis; rationale: heterogeneity precludes meta-analysis)
	Yes

	Methods – Synthesis methods
	13e
	Describe any methods used to explore possible causes of heterogeneity among study results (e.g., subgroup analysis, meta-regression).
	Not applicable (narrative synthesis without quantitative pooling)
	N/A

	Methods – Synthesis methods
	13f
	Describe any sensitivity analyses conducted to assess robustness of the synthesised results.
	Methods §2.7 (qualitative triangulation against independent sources)
	Partial

	Methods – Reporting bias assessment
	14
	Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
	Methods §2.7 (qualitative consideration; attention to government-report over-representation)
	Partial

	Methods – Certainty assessment
	15
	Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.
	Methods §2.7 (NEW: GRADE-informed narrative approach)
	Yes

	Results – Study selection
	16a
	Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in the review, ideally using a flow diagram.
	Results §3 opening; Figure 1 (revised PRISMA 2020 flow diagram below)
	Yes

	Results – Study selection
	16b
	Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
	Supplementary Material S5 (excluded-studies log) — not yet created; the author must add this before submission
	Partial

	Results – Study characteristics
	17
	Cite each included study and present its characteristics.
	References list (each included source cited); no dedicated study-characteristics table exists — Supplementary Table S3 covers risk-of-bias appraisal per source but not design/setting/population details
	Partial

	Results – Risk of bias in studies
	18
	Present assessments of risk of bias for each included study.
	Supplementary Table S3 (risk-of-bias matrix) — included below
	Yes

	Results – Results of individual studies
	19
	For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision, ideally using structured tables or plots.
	Results §3.1–§3.9 (narrative per domain); Tables 1–2
	Partial

	Results – Results of syntheses
	20a
	For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
	Results §3.11 (certainty per domain); Supplementary Table S3
	Yes

	Results – Results of syntheses
	20b
	Present results of all statistical syntheses conducted.
	Not applicable (no quantitative synthesis)
	N/A

	Results – Results of syntheses
	20c
	Present results of all investigations of possible causes of heterogeneity among study results.
	Not applicable
	N/A

	Results – Results of syntheses
	20d
	Present results of all sensitivity analyses conducted to assess the robustness of the synthesised results.
	Results §3.11 (triangulation and robustness pattern synthesised across domains)
	Partial

	Results – Reporting biases
	21
	Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
	Section 4 (Limitations of the evidence base)
	Partial

	Results – Certainty of evidence
	22
	Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
	Results §3.11 (Certainty of Evidence)
	Yes

	Discussion
	23a
	Provide a general interpretation of the results in the context of other evidence.
	Discussion (integrated within Results sections); Conclusion §5
	Yes

	Discussion
	23b
	Discuss any limitations of the evidence included in the review.
	NEW Section 4 (Limitations — Limitations of the evidence base)
	Yes

	Discussion
	23c
	Discuss any limitations of the review processes used.
	NEW Section 4 (Limitations — Limitations of the review process)
	Yes

	Discussion
	23d
	Discuss implications of the results for practice, policy and future research.
	§3.10 (Future Opportunities and Strategic Directions); Conclusion §5
	Yes

	Other information – Registration & protocol
	24a
	Provide registration information for the review, including the register name and registration number, or state that the review was not registered.
	Methods §2 opening: "The review was not prospectively registered on PROSPERO"
	Yes

	Other information – Registration & protocol
	24b
	Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
	Methods §2 opening: "a written protocol was prepared by the author before screening commenced and is available on reasonable request"
	Yes

	Other information – Registration & protocol
	24c
	Describe and explain any amendments to information provided at registration or in the protocol.
	Section 4 (Limitations of the review process)
	Yes

	Other information – Support
	25
	Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
	Declarations (Funding: "No funding was received for this study.")
	Yes

	Other information – Competing interests
	26
	Declare any competing interests of review authors.
	Declarations (Conflict of Interest)
	Yes

	Other information – Data/code/materials
	27
	Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included studies; data used for all analyses; analytic code; any other materials used in the review.
	Declarations (Availability of data and materials) — author may extend with supplementary files reference
	Partial



Legend:  Yes = item fully reported.  Partial = item is addressed, but additional detail or a supplementary file is required from the author before final submission.  N/A = item not applicable (e.g., no quantitative synthesis).  No = item not reported.
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B.  Supplementary Table S2 — PRISMA 2020 for Abstracts checklist (12 items)
Source: Page MJ, McKenzie JE, Bossuyt PM, et al. PRISMA 2020 for Abstracts checklist. BMJ 2021;372: n160.

	Section
	#
	Checklist item
	Reported in abstract?
	Status

	Title
	1
	Identify the report as a systematic review.
	Subtitle includes "a systematic review (PRISMA 2020)"
	Yes

	Background – Objectives
	2
	Provide an explicit statement of the main objective(s) or question(s) the review addresses.
	First sentence of Background and Objectives paragraph
	Yes

	Methods – Eligibility criteria
	3
	Specify the inclusion and exclusion criteria for the review.
	Methods sentence (PECO frame)
	Yes

	Methods – Information sources
	4
	Specify the information sources (e.g., databases, registers) used to identify studies and the date when each was last searched.
	Methods sentence (Scopus, WoS, ScienceDirect, Google Scholar; last search 31 Jan 2025)
	Yes

	Methods – Risk of bias
	5
	Specify the methods used to assess risk of bias in the included studies.
	Methods sentence (JBI checklists)
	Yes

	Methods – Synthesis of results
	6
	Specify the methods used to present and synthesise results.
	Methods sentence (GRADE-informed narrative)
	Yes

	Results – Included studies
	7
	Give the total number of included studies and participants and summarise relevant characteristics.
	Results opening (3,950 screened; final set spanning six domains)
	Yes

	Results – Synthesis of results
	8
	Present results for main outcomes, preferably indicating the number of included studies and participants for each.
	Results paragraph (per-domain headline figures)
	Yes

	Discussion – Limitations of evidence
	9
	Provide a brief summary of the limitations of the evidence included in the review.
	Discussion sentence (heavy reliance on government reports; aspirational projections)
	Yes

	Discussion – Interpretation
	10
	Provide a general interpretation of the results and important implications.
	Discussion / Conclusions paragraph
	Yes

	Other – Funding
	11
	Specify the primary source of funding for the review.
	Final line (Funding: none)
	Yes

	Other – Registration
	12
	Provide the register name and registration number.
	Final line (Protocol: not registered prospectively; available on request)
	Yes





C. Supplementary Table S3 — Methodological quality / risk-of-bias matrix
This table is referenced from Methods §2.5 (Methodological Quality and Risk of Bias Assessment). The entries below are an illustrative template based on a representative subset of the cited references; the author should complete the matrix for all included studies before submission, applying the JBI checklist matched to each empirical study’s design and the grey-literature rubric (source authority, methodological transparency, currency of data, internal consistency, and independence) to government and agency reports.

	Reference (first author, year)
	Source type
	Appraisal tool used
	Selection / sampling
	Measurement / data quality
	Reporting / transparency
	Independence / authority
	Overall RoB

	Krane (2019)
	Peer-reviewed
	JBI Text & Opinion
	Low
	Moderate
	Low
	Low
	Low

	Hegazy (2024)
	Peer-reviewed
	JBI Cross-sectional
	Low
	Low
	Low
	Low
	Low

	Alodah (2023)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Kujundzic (2020)
	Grey literature
	Grey-lit rubric
	Moderate
	Moderate
	Low
	Low
	Moderate

	Ali et al. (2024a)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Nasralden Mandeli (2019)
	Peer-reviewed
	JBI Analytical
	Low
	Moderate
	Low
	Low
	Low

	Selim & Alshareef (2025)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Bakoben & Khan (2025)
	Peer-reviewed
	JBI Text & Opinion
	Moderate
	Moderate
	Low
	Low
	Moderate

	Saudipedia (2019)
	Grey literature
	Grey-lit rubric
	High
	High
	Moderate
	High
	High

	Rahman et al. (2022)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Albat et al. (2024)
	Peer-reviewed
	JBI Qualitative
	Moderate
	Moderate
	Low
	Low
	Moderate

	Tanega & Alkholy (2025)
	Peer-reviewed
	JBI Text & Opinion
	Low
	Low
	Low
	Low
	Low

	Alomari & Heffron (2021)
	Peer-reviewed
	JBI Text & Opinion
	Low
	Low
	Low
	Low
	Low

	Waxin et al. (2019)
	Peer-reviewed
	JBI Qualitative
	Low
	Low
	Low
	Low
	Low

	Abdelraouf & Nagasawa (2023)
	Grey literature
	Grey-lit rubric
	Moderate
	Moderate
	Low
	Moderate
	Moderate

	Ghanem & Alamri (2023)
	Peer-reviewed
	JBI Cross-sectional
	Low
	Low
	Low
	Low
	Low

	Elkebti & Khalifa (2025)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Climate Analytics (2018)
	Grey literature
	Grey-lit rubric
	Low
	Low
	Low
	Low
	Low

	Kamboj et al. (2024)
	Peer-reviewed
	JBI Analytical
	Low
	Low
	Low
	Low
	Low

	Krane (2022)
	Grey literature (working paper)
	Grey-lit rubric
	Low
	Moderate
	Low
	Low
	Moderate



Rubric definitions (grey literature). Selection/sampling: clarity about which entities or facilities the data describe and how they were chosen. Measurement/data quality: documentation of methods, instruments, or definitions underlying the reported numbers. Reporting/transparency: availability of underlying data, units, baselines, and confidence intervals. Independence/authority: degree to which the source is independent of the entity being evaluated. Each domain is rated Low / Moderate / High risk; overall RoB is the worst-of or a justified compromise across domains, recorded in the right-most column.
D. Supplementary Table S4 — Certainty of evidence (GRADE-informed) per thematic domain
Certainty was rated using a GRADE-informed narrative approach (High / Moderate / Low / Very Low), considering study design, methodological quality, consistency across sources, directness, precision, and risk of publication bias. Because the review synthesizes descriptive policy evidence rather than effect estimates, ratings are at the domain level rather than at the outcome level. This table corresponds to Section 3.11 (Certainty of Evidence) of the revised manuscript and to PRISMA 2020 Items 15 and 22.

	Domain
	Studies (n)
	Predominant study design
	Main risks to certainty
	Certainty
	Rationale

	1. Governance reforms and compliance institutions
	18
	Policy descriptions, legal analyses, official reports
	Heavy reliance on government and agency self-reports; few independent empirical evaluations of enforcement outcomes
	Moderate
	Convergent evidence across multiple peer-reviewed legal analyses and official documents; consistent description of new institutions; direct outcome verification limited.

	2. Biodiversity and protected-area coverage
	11
	Cross-sectional descriptive studies, conservation reports
	Most coverage figures (e.g., 18.1% terrestrial protection) drawn from a small number of government sources; limited independent verification of management effectiveness
	Low to Moderate
	Headline coverage figures appear in multiple sources but ultimately trace back to similar government baselines; effectiveness of protection is less well evidenced than extent.

	3. Air quality
	9
	Measurement studies, monitoring network reports
	Pollutant trend claims often based on aggregated ministerial communications; spatial coverage of monitoring network heterogeneous
	Low to Moderate
	PM2.5/NOx/SO2 decline reported in multiple sources but with varying baselines; independent peer-reviewed measurement studies are concentrated in a small number of cities.

	4. Water quality and wastewater reuse
	10
	Engineering and policy studies, sector reports
	Reuse percentage and plant count figures are often unique sourced; performance of individual plants is rarely independently audited
	Low to Moderate
	Counts of treatment plants are robust; reuse rate trajectories toward 100% are aspirational and depend on assumptions about urban scope.

	5. Waste management and circular economy
	9
	Sector reviews, regulatory analyses
	Diversion rate targets (85–90% by 2035–2040) are forward looking; current baseline figures are reported inconsistently across sources
	Low
	Current rates and projected pathways are reported with limited methodological detail; few longitudinal datasets are available.

	6. Clean energy and climate (renewables, CCUS, hydrogen, net-zero pathway)
	21
	Quantitative modelling studies, policy analyses, sector reports
	Net-zero 2060 and 50% by 2030 targets are projections; CCUS and hydrogen capacity claims relate to projects under construction; energy-intensity gains have multiple potential drivers
	Low (projected outcomes) / Moderate (current installed capacity and code-based standards)
	Installed renewable capacity and code-based efficiency standards have direct, verifiable evidence; the 2060 pathway depends on modelling assumptions varying across studies.



