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Abstract
[bookmark: _Hlk198209312]In light of the mounting difficulties of Moroccan urban ecological transition such as resource deficiencies, socio-spatial inequalities, and urban diffusion the unavailability of an evaluation instrument adjusted to territorial specificities poses the biggest challenge for the formulation of sustainable policies. A development of the Moroccan Green Cities Index (MGCI) as an aggregate and contextualized evaluation tool coplaned with national actors for the assessment of urban sustainability at the national level on a differentiated and comparative basis is recommended. Founded on an international assessment review, on a comparative diagnosis of the Benguérir and Zenata case studies, and on a Delphi consultation of 18 expert analyst multi-disciplinary analysts, the MGCI has ten strategic and five optional contextual module dimensions. An adaptive weighting grid enables the integration of the climatic, institutional, and socio-economic specificities of each territory. The pilot assessment results confirm the practical utility of the index for defining inclusive trajectories of sustainability as well as for local government reinforcement and access to green financing. A roadmap for its deployment on the national level by 2030 is recommended..
INTRODUCTION
Morocco is experiencing accelerated urbanization, combined with growing environmental challenges: dwindling water resources, intensification of urban heat islands, unplanned urban sprawl, and socio-spatial inequalities. These pressures have placed urban sustainability at the center of public policy, with the emergence of flagship projects such as Benguérir (a semi-arid green city developed by OCP) and Zenata (a new coastal city led by CDG). Although these initiatives claim alignment with international standards (ISO norms, SDG 11, HQE and LEED certifications, etc.), their implementation reveals methodological shortcomings: fragmented governance, limited local monitoring capacity, and indicators that are not suited to territorial specificities (arid areas, medinas, coastal cities). As a result, the state and local authorities lack a common tool to diagnose, prioritize, and finance the urban ecological transition.
In this context, this article proposes the creation of a Moroccan Green Cities Index (MGCI), designed as a response to the limitations of imported tools. The index is based on a multi-criteria, territorially-adapted, and co-constructed approach, aiming to provide Moroccan cities regardless of their size or location with a rigorous and replicable method for assessing their sustainability.
The study is structured around four main sections:
1. A critical review of international frameworks;
2. A critical analysis of the Benguérir and Zenata projects, highlighting the gaps between ecological ambitions and existing evaluation tools;
3. The methodological development of the MGCI, including indicator selection via a Delphi process, the construction of contextual modules, and adaptive weighting;
4. A pilot study applied to these two cities, leading to a roadmap for validation and nationwide implementation by 2030.

MATERIALS AND METHODS

[bookmark: _Hlk198720265]Preparation of Moroccan Green Cities Index (MGCI) took place in four steps: theoretical analysis, comparative analysis, participatory co-construction, and experimentation on ground level.
1. International Frameworks Comparison: A comparative analysis of prominent frameworks (ISO 37120/22/23, LEED-ND, HQE, SDG 11, GCAP, etc.) has been conducted with the objective of identifying their transferable constraints for their application to the Moroccan context, particularly with reference to technical access, contextualization of indicators, and data interoperability.
2. Comparison of the Benguérir and Zenata Cases: The two projects have been compared on institutional, ecological, and social grounds.
3. Participatory Development Using the Delphi Method: A panel of 15 national experts (urban planners, engineers, statisticians, local government, NGOs) was consulted over three rounds (February 2024 – November 2024) for:
· Selecting key indicators based on their relevance, feasibility, and territorial sensitiveness;
· Defining optional contextual modules (Saharan, mountainous, coastal, rural, medina);
· Co-creating an adaptive weighting grid tailor-made for each city's profile.
4. Pilot Test and Validation: MGCI was applied to Benguérir and Zenata with:
· Official statistical data (HCP, ONEE, urban agencies),
· Field observations (March–June 2024),
· Semi-structured interviews with local actors.
Analysis of International Frameworks for the Evaluation of Green Cities
In our times, the evaluation of sustainable urban dynamics has the advantage of enjoying a variety of international tools that provide cities with standardized instruments for measuring, monitoring, and showing their commitment to sustainability. Whether normative, strategic, or incentive-driven, these instruments not only enable the evaluation of the environment, social, and institutional performance of urban regions [7, 9, 14], but also increase comparability, enable accountability, and give access to external funds [19, 23].
Among the best known are the ISO 37120, 37122, and 37123 standards, with smart cities indicators [5]; for quality of urban life [4]; and for urban resilience [6]. They are technical standards with globally comparative content, whereas their application presumes very developed statistical capacities which are not evenly distributed on the territories [4, 5, 6].
This diversity of frameworks mirrors the plurality of viable approaches [8, 10, 21]. But it also raises the question of their adaptation for the Global South, and particularly that of Morocco [1, 2, 15, 16]. The constraints regarding data availability, organizational capabilities, and local agendas mean there needs to be an intense contextualization of these evaluation instruments [3, 18, 22]. Table 1 displays this diversity of frameworks, with technical standards, strategic orientations, and approaches compatible with those of the Sustainable Development Goals (SDGs) [11, 13, 20].
Table 1 : International Frameworks for the Evaluation of Green Cities
	Framework / Standard
	Type
	Scope
	Key Features
	Limitations in the Moroccan Context

	ISO 37120-2018
(Indicators for city services and quality of life)

	International standard on urban services and quality of life indicators
	Framework of quantitative indicators on public services and sustainable urban development
	Globally recognized standard; facilitates inter-city comparison and access to international funding
	Data often difficult to collect and ensure reliability in Global South cities

	ISO 37122-2019
(Smart cities)
	International standard on technological indicators for smart cities
	Indicators for urban service digitalization, innovation, smart management
	Promotes innovation and digital transformation; evaluation tool for smart city policies
	Requires advanced and costly digital infrastructures, sometimes at the expense of social and local dimensions

	ISO 37123-2019
(Urban resilience)
	International standard on urban resilience to shocks
	Indicators on preparedness, management, and response to natural, climatic, or human-made disasters
	Relevant tool for the adaptation of vulnerable cities; supports resilient planning
	Still rarely implemented; requires strong technical and institutional capacities

	Building/Neighborhood Certification
	LEED
	Assesses neighborhood sustainability (mobility, diversity, green infrastructure, etc.)
	Integrated vision, global benchmark, already applied in Morocco (e.g., Benguérir)
	High cost, complex procedure, focused on technical performance

	
	HQE
	French framework focused on environmental and urban integration
	Adapted to the Francophone context, more accessible for Moroccan cities
	Rigidity in the approach

	
	BREEM
	British certification on neighborhood sustainability
	More flexible than LEED; integrates participation and life cycle approach
	Less known internationally; still rarely used in Africa

	
	EDGE (IFC – Banque mondiale)
	Simplified certification for green buildings in developing countries
	Low cost, simplicity, adaptability to African cities
	Less comprehensive for neighborhoods or entire cities

	Strategic Frameworks
	UN Habitat
	Multi-dimensional framework (economy, society, governance, environment, housing, etc.)
	Systemic and inclusive approach; adaptable to the level of development
	Data often unavailable or incomplete; complex implementation

	
	ODD11
	Sustainable Development Goal for sustainable, inclusive, and resilient cities
	Universal vision, recognized by Morocco, integrable into local policies
	Very broad framework, sometimes abstract, lacking operational standards

	
	EGCA(EU)
	12 verifiable indicators, long-term commitment
	Recognized strategic benchmark
	Demanding, intended for large cities

	
	GCAP (BERD / OCDE)
	Green planning adapted to emerging cities
	Coherent diagnosis-to-action approach, highly adaptable
	Not yet universally recognized; heavily dependent on local commitment

	Networks and advocacy
	C40 Cities
	Coalition of major cities against climate change
	Strong international advocacy power, strategic tools, access to green financing
	Reserved for major metropolitan areas; elitist logic

	
	ICLEI 
	Global network of cities committed to sustainability
	Access to resources, collaborative projects, technical support
	Less accessible for small cities without specialized teams



The ISO 37120, 37122, and 37123 establish an international system of urban performance measurement for public services, technological innovation (smart cities), and resilience [4, 5, 6]. They have as their strong point their international comparability and their flexibility for application to any size of city, and are therefore valuable tools for designing public policies and monitoring territorial development [23]. However, their application requires advanced statistical capability and trustworthy data, which are scantily available for numerous cities, especially intermediate or low-density population ones [8, 18]. Moreover, their technical emphasis disregards local social and cultural specificities [2, 12].

Environmental certifications such as LEED, HQE, or BREEAM are instruments of sustainability assessment at the level of buildings or districts [7]. They are founded on tough technical prescriptions with regard to energy performance, selection of materials, use of resources, sustainable transport, and user comfort [14]. Their value-added lies in their international legitimacy, their innovation-enhancing role, and their strong marketing appeal as supporting “green” buildings [9]. These certifications are generally seen as quality marks attractive for investors and local administrators aiming at spreading a sustainable image [10]. They have, however, many structural deficiencies: sky-high costs, overly complex procedures, technicality requirement, and low account of socio-territorial context especially for intermediate cities of the Global South [15, 16].

On the other hand, global strategic plans such as UN Sustainable Development Goal 11 (SDG 11), UN-Habitat’s City Prosperity Index, or the Global Climate Action Plan (GCAP) possess systemic and integrated thinking on sustainability for cities [19, 21, 22]. They combine social, economic, environmental, and institutional analyses and encompass cross-cutting knowledge of the dynamics of cities [17, 20]. They also ensure consistency with major international agendas such as the 2030 Agenda, the Paris Agreement, and national plans for climate change [11, 18]. Their strength lies in their multi-sectoral vision, which helps with strategic planning and consistency of policies. However, they are at times thought of as abstract or difficult to apply without local adaptation [1, 3].

Finally, urban networks and international advocacy groups such as ICLEI, C40 Cities, or UCLG enable local government entities to become members of knowledge communities, experience technical and funding support, and assert their global environmental participation [21, 23]. They facilitate the sharing of best practices, obtaining methodological support, and access to green funding instruments [19].

Application of international instruments in Morocco presents itself as a chance for conceiving the ecological transition of cities, for harmonizing urban policies with international agendas (SDGs, climate), and for accessing green funding [13, 15]. Their direct transfer, however, has remained low without sufficient contextualization. Morocco possesses very strong territorial diversity (saharian, coastal, mountains, historical medinas), unequal capacities of institutions, and specific social challenges (inequality, informality, water stress) [2, 3]. For this reason, there is a necessity for the construct of a hybrid method interconnecting international benchmarks with local adaptable indicators, variable weighting depending on city characteristics, and appropriation on the part of territorial actors [1, 11]. Technical assistance, building of capacities for local governments, and alignment at the national level are required for effective application and long-term sustainability of those instruments [18, 23].
Comparative Case Study of Two Moroccan Cities: Benguérir and Zenata
Comparison of the two Moroccan flagship green city projects, Benguérir and Zenata, highlights their divergent urban sustainability methods. Benguérir, as developed and championed by the OCP Group on a semi-arid basin, stands out for its integral approach through the Mohammed VI Green City as an outdoor test lab for green technologies, sustainable building solutions, and infrastructures of low-impact [13, 19]. In contrast, Zenata, as a new green coastal city championed by the Caisse de Dépôt et de Gestion (CDG) on virgin land ex nihilo, follows a vision of forward-looking urbanism [1, 15]. Its systematization rests on three central pillars: Environmental (ecological connections and corridors, and treatment and sorting of waste and wastewater), Social (social housing, functional diversity), and Economic (integrated areas of sustainable economic activities) [2, 16].
Table 2. Key descriptive variables (area, population targets, launch dates, governance model)
	Projects
	Location
	Area Ha
	Population
	Vocation
	Launch date and project deadline
	Company in charge of the project

	Green City
Mohammed VI
	Benguérir
	1.000 ha
	100 000 in
2025
	Academic and residential vocations
	2009- 2020
	OCP

	Eco-cité Zenata
	Northern periphery of Casablanca Ain Harrouda Commune
	1830 ha
	300 000
	Tertiary vocation
	2006-2030
	 CDG)
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Fig 2: Green City project in Zenata

Fig 1: Green City project in Bengurir




Table 3 : Headline sustainability indicators for Benguerir and Zenatat, 2024
	Dimensions / Indicators
	Green City Benguérir 
	Green City Zenata 
	Source

	Air Quality (PM₂.₅)
	Moderate – low industrial activity
	Good – low density + Atlantic airflow
	ONEE (Air Maroc Network), HCP

	Urban Green Space per Capita (m²/hab)
	Approx. 8–10 m²/hab
	>15 m²/hab
	Master plans; HCP urban census

	Wastewater Reuse Rate (%)
	Approx. 60% (irrigation of green corridor, campus)
	Target >85% (non-potable & irrigation use)
	ONEE; STEP reports; CDG project briefs

	Waste Management (Sorting, Recovery)
	Pilot sorting projects at UM6P and campus districts
	Centralized system under implementation (sorting + recovery center)
	Local utilities; Municipal sanitation plans

	Modal Share of Sustainable Transport (%)
	Low – limited current public transport
	Planned – tramway and electric shuttles (not yet operational)
	Local mobility plans; CDG

	Access to Green Space (<300 m)
	Approx. 42% of population
	65% planned in urban design phase
	HCP; GIS data from master plans

	Renewable Energy in Public Buildings (%)
	High – solar integrated (Green Energy Park, UM6P campus)
	Planned – energy efficiency targets, no public data yet
	IRESEN; OCP reports; CDG

	Citizen Participation Score (/10)
	2 / 10 – limited consultation mechanisms
	4 / 10 – participatory workshops in early planning phases
	ISO 37120 rubric; Municipal reports

	Transparency / Open Data
	Medium – project data published by OCP and IRESEN
	Low – urban portal planned but not yet online
	OCP, IRESEN, CDG


PROPOSED MOROCCAN GREEN CITIES INDEX (MGCI) UNIFIED YET MODULAR
In recent Moroccan initiatives on green cities, what stands as especially required is the creation of an overall national standard for assessing urban sustainability one robust enough for comparison from one territoire to another and flexible enough for the diversity of the country's climatic conditions, risk exposures, and institutionnel strengths. Indeed, it suffices not one whit to confuse the challenges of a Sahranian minning city with those of a medina of dense patrimonial density. It is with this train of thought that the Moroccan Green Cities Index (MGCI) was imagined, as a methodological tool conceived for reconciling nation-level standardization and local adaptation. In its exploratory phase, the creation of the MGCI made use of the Delphi method, assembling a multi-disciplinary panel of 15 experts (urbanists, engineering specialists, statisticians, researchers, institutionnel actors and representatives of civil society) selected for their proven knowledge of Moroccan urban and ecological challenges. The process, conducted between February 2024 and November 2024, proceeded on several iterative cycles:

First cycle: All the specialists recommended a group of indicators considered relevant for urban sustainability evaluation, both from international instruments (ISO, OECD, SDG 11, UN-Habitat) and from widely acknowledged local needs. These indicators have been considered on three general bases: relevance, feasibility (availability of data), and territorial sensitiveness. The first cycle therefore concluded with the identification of an initial group of 20 standard Indicators.

Second cycle: The panel subsequently re-evaluated from anonymized questionnaires, assembled, and contextualized the indicators. The process validated 10 core indicators (air, water, mobility, energy, waste, green spaces, etc.) and classified 5 contextual modules of three specific indicators each, for the aim of illustrating the diversity of Moroccan urban profiles.

List of the 10 Standard Indicators:
1. Air quality (annual PM₂.₅)
2. Modal Share of Sustainable Transport (%)
3. Non-revenue water (%)
4. Wastewater Reuse Rate (%)
5. Renewable Energy in Public Buildings (%)
6. Proximity to Green Spaces (% of Population within ≤ 300m of a Park)
7. Waste Management (Sorting, Recovery) %
8. Citizen Participation 
9. Coverage of environmental education (% schools/universities)
10. Quality of urban governance 

Contextual territorial modules activated according to the city’s profile:
· Saharan cities: management of water stress, aquifer recharge, passive thermal comfort
· Coastal cities: resilience to sea level rise, coastal erosion, aquifer salinization
· Mountain cities: management of landslide risks, territorial accessibility, forest management
· Historic medinas: conservation of built heritage, residential density, intra-muros accessibility
· Small rural/peri-urban towns: access to public services, interurban mobility, vegetation cover
Each city activates only one module, consisting of two to three indicators selected based on its geographic, climatic, and urban characteristics. This architecture ensures a differentiated reading of performance, allows for local priorities to be considered while providing a harmonized national baseline, and addresses the biases of a uniform application of international standards that are often unsuited to Global South contexts.
Third cycle (Development of the adaptive weighting grid): This third stage involved building a truly adaptive weighting grid, aiming to:
· Provide flexibility according to territorial context,
· Ensure comparability at the national level,
· Base the weighting on objective criteria and scientific consensus.
Criteria and weighting decisions:
· Standard indicators: each indicator was weighted at 6% (i.e., 10 x 6% = 60%) to guarantee a common national baseline.
· Contextual modules: according to the city’s profile, the activated module accounts for 40% of the total score, distributed equally among its three indicators (13.3% each). This approach highlights major local vulnerabilities without distorting the interurban comparison baseline.
Validation and final consensus: After several cycles and simulations applied to two pilot cities (Benguérir, Zenata), the final weighting grid was anonymously submitted to the expert panel. A consensus of 88% was achieved in the final round, thus ensuring the methodological robustness of the MGCI. The weighting matrix, validated for the pilot phase, may be revised in an adaptive learning logic during national scaling.
MGCI Pilot Test: Key Role of Contextual Indicators
The pilot test conducted in Benguérir and Zenata enabled an assessment of the MGCI’s ability to capture both standardized performance (Table 4) and specific territorial vulnerabilities. While the standard indicators (60%) provide a common national benchmark for comparison, the contextual indicators (40%) play an essential role in revealing the unique ecological, urban, and climatic specificities of each territory.

Table 4: Comparison of Performance on MGCI Standard Indicators – Benguérir and Zenata
	N°
	Indicator MGCI
	Weighting (%)
	Benguérir (score/100)
	Score pondéré/60
	Zenata (score/100)
	Score pondéré/60

	1
	Air quality (annual PM₂.₅)
	6
	70
	4,2
	85
	5,1
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	Modal Share of Sustainable Transport (%)
	6
	18
	1,1
	22
	1,3

	3
	Non-revenue water (%)
	6
	62
	3,7
	74
	4,4

	4
	Wastewater Reuse Rate (%)
	6
	60
	3,6
	85
	5,1

	5
	[bookmark: _Hlk205205668]Renewable Energy in Public Buildings (%)
	6
	75
	4,5
	30
	1,8

	6
	Proximity to Green Spaces (% of Population within ≤ 300m of a Park)
	6
	42
	2,5
	65
	3,9

	7
	Waste Management (Sorting, Recovery) %
	6
	35
	2,1
	50
	3,0

	8
	[bookmark: _Hlk205205829]Citizen Participation
	6
	20
	1,2
	40
	2,4

	9
	[bookmark: _Hlk205205850]Coverage of environmental education (% schools/universities)
	6
	40
	2,4
	35
	2,1

	10
	Quality of urban governance
	6
	50
	3,0
	30
	1,8

	
	TOTAL (sur 60)
	60
	
	28,3
	
	34,9


· Zenata achieves 58.2% of the MGCI urban sustainability standards, representing a performance close to the national average (but below advanced international standards, which require 70% or higher).
· Benguérir achieves 47.2%, placing it clearly below the average on the common baseline, despite a few strengths (water, renewable energy).
Benguérir: Saharan Module (Contextual Indicators)
	
		N°
	Contextual Indicator
	Situation 2024
	Score (/100)
	Score pondéré (/40)
	Observation

	1
	Water Stress
	Groundwater Dependence
	10
	1,3
	High Risk, Priority Alert

	2
	Aquifer Recharge
	60 % via STEP/irrigation
	70
	9,3
	Recognized Local Innovation

	3
	Passive Thermal Comfort
	Only Campus 
	20
	2,7
	Rarely implemented outside UM6P

	
	Total 
	
	
	13,3 / 40
	



	
	
	
	


Zenata: module côtier (Contextual Indicators)
	N°
	Contextual Indicator
	Situation 2024
	Score (/100)
	Score pondéré (/40)
	Observation

	D1
	Coastal Erosion
	Coastline Retreat, Moderate Pressures
	38
	5,1
	Partial Management, Risks along the Atlantic Coastline

	D2
	Salinization of Aquifers
	Early Signs of Salinization, Scientific Monitoring
	22
	2,9
	Vigilance Regarding the Aquifer, Prevention Needs to be Strengthened

	D3
	Vulnerability to Marine Flooding
	Low-Lying Areas Identified, Infrastructure Planned
	43
	5,7
	Management Plan in Progress, Resilience Needs to be Strengthened

	
	Total (sur 40)
	
	
	13,7
	



  Benguérir: 13.3/40 on the Saharan module (high dependence on groundwater but recognized innovation in recharge).
  Zenata: 13.7/40 on the coastal module (proactive risk management but ongoing issues with erosion and salinization).

Global score MGCI
	Ville
	Standard (60%)
	Contextual (40%)
	Global score (/100)

	Benguérir
	28,3
	13,3
	41,6

	Zenata
	34,9
	13,7
	48,6


Key Lessons from the Pilot Test
· The systematic integration of contextual modules is essential to:
oAdapt assessment to the diversity of Moroccan territories;
oCorrect the biases of uniform approaches imported from international frameworks;
o Provide targeted action levers where standard indicators do not reveal local vulnerabilities.
· Benguérir: Despite the exemplary campus, the city remains fragile on most standards (mobility, education, green spaces). Its main strength lies in innovation for aquifer recharge, but urban adaptation and environmental education still need to be strengthened.
· Zenata: Shows better performance on most urban standards but reveals a structural vulnerability regarding coastal risks and salinization, which are crucial challenges for its future sustainability.
CONCLUSION
Testing of the Moroccan Green Cities Index (MGCI), on the Benguérir and Zenata model, confirms the appeal of a hybrid assessment system of a standardized core of indicators (60%) and of a contextual module (40%) adjusted to local specificities. This double ambition ensures both internal comparability at the nation level and local responsiveness and considers diversified challenges such as water stress on Saharan regions or subsidence on Atlantic ones. The results identify divergent dynamics: Benguérir has material and marginal successes (e.g., reuse of wastewater, solar energy on campuses of institutions), whereas Zenata has strong planning which has not effectively been implemented yet. In both cases, however, there are shared weaknesses identified, first of all very low citizen participation.
These findings guided the selection of a three-phase plan (2025–2030) for MGCI rollout across the country:
(i) Experimental extension to ten pilot cities representative of the different territorial profiles
(ii) integration with the national Urban Observatory, standardizing the protocols and publishing data openly;
(iii) alignment of the MGCI with green finance instruments and international climate reporting needs, with the aim of establishing the MGCI as an influential decision-support and sustainable urban planning tool.
Thus organized, the MGCI offers Morocco an operational, flexible, and inclusive template for steering the urban ecological transition at the national level.
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