



A systematic review on synergistic ecosystem-based adaptation for sustainable coastal zone management in Bangladesh 

Abstract

The coastal region of Bangladesh is among the most climate-vulnerable landscapes in the world where accelerating sea level rise, more frequent cyclone disasters and salinity intrusion are threatening millions of livelihoods and important ecosystems. Conventional gray infrastructures have performed inadequately as the only adaptation tool for coastal management in Bangladesh.  This paper provides a  critical synthesis of ecosystem‑based adaptation (EbA) for sustainable coastal zone management in Bangladesh highlighting the essence of a paradigm shift toward integrated approaches balancing human needs with ecological integrity. It explicitly quantifies performance trade‑offs across the green‑gray infrastructure continuum, analyzes uncertainty ranges in blue carbon uptake and proposes a spatially explicit decision framework linked to coastal hazard exposure zones. The prospects of multifunctional green-gray hybrid infrastructure in Bangladesh are critically reviewed through systematic review of empirical studies, geospatial analyses and project evaluations. A systematic literature search of academic databases was followed by thematic synthesis of forty four selected articles. Existing evidence indicates that mangroves can achieve up to sixty six percent wave attenuation within one hundred meter wide belts. Macroalgal beds show the highest per‑area carbon uptake (200 gCm⁻²yr⁻¹) but with the highest uncertainty estimates (±50%). Potential green‑gray infrastructure development opportunities in Bangladesh must therefore prioritize mangrove restoration and tidal marsh conservation as the reliable blue carbon pathways in the near term, while treating macroalgal systems as research pilots. Strategically designed hybrid approaches combining reinforced embankments with vegetated foreshores, low profile permeable breakwaters and community-based management can ensure better cost-effectiveness and resilience if implemented with context‑specific institutional coordination. However, implementation barriers include institutional fragmentation, monoculture plantation practices, insufficient long term monitoring and quantification of co-benefits. Therefore, an evidence-based and context-sensitive framework is recommended for integrating ecosystem-based adaptation with engineering interventions based on revised technical standards, function-based payment for ecosystem services and multiscalar governance mechanisms. 
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1. Introduction

Bangladesh has one of the most climate-sensitive landscapes in the world, particularly in its low-lying deltaic terrain that contains some of the globally important ecological resources such as the Sundarbans mangrove forest. The increasing level of the sea, frequent cyclones and intrusion of salinity are threatening the livelihoods of millions of people and valuable ecosystems in the country’s coastal region. The testimony of extreme and multi-dimensional natural hazards in the coastal areas is overwhelming. The mean sea level rise in Bangladesh has been recorded as 11.6 millimeters per year in the last 25 years, which is far more than the global average, causing shoreline erosion and land loss [1]. Cyclonic storm surges frequently result in devastating life and property losses, and saline flooding of agricultural areas takes years to recover [2]. Coastal erosion is a long-term risk with the Meghna estuary shoreline being accreted and eroded at a rate that requires urgent intervention [3]. Salinity intrusion goes deep inland through rivers and channels, undermining freshwater resources and altering agricultural patterns to brackish water shrimp farming, which has its own sustainability issues [4, 5]. Demographic pressures are also contributing to the vulnerability of the region with over half of the population in Bangladesh living within 200 km of the coastline. With the degraded capacity of the natural systems restrained in a limited space, a large fraction of coastal populations have moved to informal urban areas that are not well served by the aging unsustainable infrastructures [6, 7].

In this backdrop, disaster risk mitigation by conventional development of gray infrastructure has been too inadequate and sometimes maladaptive. A paradigm shift is required to balance human needs with ecological integrity toward integrated and sustainable solutions for coastal zone management. Ecosystem-based Adaptation (EbA) using healthy and functioning ecosystem services to enable people to cope with the negative impacts of climate change is an alternative that is scientifically sound and socially fair to enable such a transformation. In coastal settings, EbA is highly effective for strategic conservation, restoration and management of green ecosystem components, which translates to mangrove, tidal marsh, seagrass meadows, coral reefs and sandy beach conservation and restoration [8, 9]. In addition to mitigation, they have the benefits of adaptation such as functioning as bioshields to protect the coastline against storm surge, wave energy and wind speed, controlling erosion and creating land formations [3, 8, 10, 11]. Other than protection, they offer several co-benefits for coastal livelihood support such as breeding areas for fisheries, carbon capture and forest products [11, 12]. There is an increased survival and maintenance rate in community-based mangrove management models that involve giving stewardship rights to local users than that in top-down forestry models [13]. 
There has been growing interest in the so-called green-gray hybrid infrastructure designed with ecologically oriented engineered approaches as a way of finding a solution to the coastal zone management problems. Expanded upon this idea, the blue carbon ecosystem is integrally implemented as part of a hybrid green-gray infrastructure system in which natural systems (green) are coupled with traditional engineered systems (gray) to increase coastal resilience and deliver a wide range of benefits. The potential of such nature-based solutions for coastal zone management is immense in Bangladesh due to its vast intertidal areas and the biodiversity of its coastal area. However, this potential is not yet fully exploited and is endangered by competing development issues of Bangladesh.
A systematic review of adaptation issues in the Sundarbans indicates that there are consistent trends in maladaptation in which top-down technocratic projects have produced adverse social and ecological impacts, especially for disadvantaged communities reliant on natural resources [14]. These failures may be attributed to the lack of community involvement and the lack of cohesive policy environments to integrate traditional ecological knowledge. A comprehensive analysis of blue carbon dynamics in the Sundarbans highlights that sustainable management of mangroves should be based on a multisectoral approach and should incorporate local knowledge into carbon accounting systems [15]. A recent study has shown that the coherence of community views and ecosystem services assessment frameworks can help improve the efficacy of coastal infrastructural planning in Bangladesh [16]. There also exists performance uncertainty or carbon uptake trade‑offs that may influence blue carbon potential of a specific green-gray infrasture project for Bangladesh. 

Despite growing global literature on EbA and green‑gray infrastructure, no previous study has quantitatively synthesized performance evaluation data of potential ecosystem based coastal infrastructure projects for Bangladesh. In this context, properly synthesized data would help identify spatial implementation pathways specifically suitable for the country’s diverse coastal zones. Drawing evidence from global advances of EbA, this paper aims to present possible solutions toward sustainable coastal zone management in Bangladesh through green gray infrastructure development. One of the major objectives of this work is to suggest integration of EbA in a synergistic manner through spatially explicit mapping of intervention suitability linking hazard exposure zones to ecosystem recovery timelines. The novelty of this review study also lies in other significant contributions such as critical synthesis of blue carbon uncertainty ranges with direct implications for carbon market access in Bangladesh and identification of practical integration pathways that may effectively overcome institutional fragmentation. The context-specific framework of implementation presented in this paper will also help to overcome governance issues and achieve optimum multifunctional benefits.

2. Methodology

This work has used a systematic literature review method to analyze how the integration of EbA and engineering technology can be used for coastal zone management in Bangladesh. The methodology was developed to cover the scope of the relevant literature and at the same time remain focused on practical information. The review process was initiated by systematic searching of literature in academic databases such as Scopus, Web of Science and Google Scholar. The literature search was principally restricted to peer-reviewed journal articles and technical reports from international organizations published in English between January 2015 and December 2025. However, the search was supplemented by foundational papers published before 2015 when they provided essential concepts. Combined keywords were used on geographical terms such as Bangladesh, coastal zone management, Sundarbans, infrastructure and adaptation terms such as ecosystem-based adaptation, green gray infrastructure, blue carbon, nature-based solutions, living shoreline, mangrove restoration and hybrid infrastructure. Search terms were combined with Boolean operators in order to provide a full search of relevant publications. Peer-reviewed journal articles as well as technical reports of international organizations were taken into consideration, and the main focus was put on publications since 2015 to take into account recent progress. Eighty five publications were first identified and filtered in this process. Inclusion criteria required studies to present empirical performance data, geospatial analyses or project evaluations relevant to coastal EbA in Bangladesh or analogous tropical deltas. Editorials, conference abstracts and non-English papers were excluded. Figure 1 presents a flow diagram that summarizes the systematic literature review process, from initial database searches through to thematic synthesis and key findings. 
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Figure 1 Flow diagram showing the systematic literature review process

The screening was conducted by looking through titles and abstracts to remove the publications that were obviously not related to the research topic, and then the review of the rest of the publications was conducted to evaluate them according to the inclusion criteria and to get the most relevant information. After reviewing the entire text, forty four articles were included and kept to undergo synthesis. Critical analysis of the selected literature was performed by extracting quantitative performance data such as wave attenuation and carbon uptake ranges, recovery timelines as well as comparing reported uncertainty ranges across ecosystem types and evaluating institutional barriers such as fragmentation, funding mismatches etc. It was followed by a structured thematic synthesis that explicitly identified contradictions and gaps such as the temporal mismatch between ecological recovery and project cycles. Thematic analysis was used in data synthesis to define patterns, themes and relationships among the literature in terms of global EbA activities undertaken and their results, engineering activities undertaken and their limitations, opportunities to implement integrated activities and obstacles to implementing the same. The synthesis framework conceptually relied on the green gray infrastructure continuum offered by Kuwae and Crooks [17], which places interventions on the scale between entirely green and entirely gray infrastructure with hybrid variants in the middle. Critical appraisal focused on methodological transparency, reporting of uncertainty and relevance to the coastal contexts of Bangladesh, with no additional quality assessment tool applied in the process.
3. Results and discussion
3.1 Types of coastal ecosystems and their benefit potentials for Bangladesh
The spatial distribution of the coastal features is not uniform across the country. Figure 2 presents a generally classified spatial distribution of exposed and interior coastal areas of Bangladesh according to relative exposure to coastal hazards such as cyclones, storm surges and salinity intrusion [18]. This general classification will help readers understand where different green gray infrastructure interventions may be most appropriate and which type of infrastructure would be suitable for a specific location in Bangladesh.
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Figure 2 Exposed and interior coastal areas of Bangladesh (adapted from [18])

The literature synthesis indicates that the coastal ecosystems of Bangladesh can be potentially improved with well-planned approaches of engineering interventions to harness inherent multifunctional benefits of green and green-gray hybrid infrastructures. Figure 3 illustrates the green and gray coastal infrastructure continuum showing how interventions range from fully green to fully gray approaches with hybrid variants offering integrated benefits. In this review, a synergistic EbA refers to an intended and deliberate combination of green and gray elements to acquire their collective protective and carbon‑benefit outcomes exceeding the sum of each component alone. This is conceptually illustrated by the overlapping benefit zones in Figure 3. The “green‑gray continuum” (Figure 3) sequentially arranges interventions from fully green (e.g., mangrove restoration) to fully gray (e.g., reinforced embankments), with hybrid variants positioned in the middle to highlight how incremental addition of natural components can enhance resilience while reducing uncertainty. Building on Figure 3, the following subsections quantify the probable performance differences along the green gray infrastructure continuum focusing on carbon uptake, disaster risk reduction and several other potential co-benefits specific to Bangladesh. 
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Figure 3 The green gray coastal infrastructure continuum and their inherent benefits

3.2 Blue carbon potentials for different coastal ecosystems in Bangladesh
The comparative quantification of the carbon uptake across the four main coastal ecosystem types, as presented in Table 1, serves as an evidence base for setting infrastructure investment priorities in Bangladesh. Decision makers can use these data and information to compare and decide tradeoffs between higher carbon uptake and higher uncertainty across different ecosystem types.

Table 1 Comparative ranking of major coastal ecosystems for blue carbon applications (data and information summarized from [17, 19]).

	Ecosystem type


	Per‑area CO₂ uptake

(g C m⁻² yr⁻¹)/ Rank
	Global CO₂ uptake

(Tg C yr⁻¹)/ Rank


	Approximate global coastal sink (%)

	Macroalgal beds


	200 (100-250)/ Rank 1
	600 (300–700)/ Rank 1


	~54%

	Mangroves


	150 (100-200)/ Rank 2
	150 (100-200)/ Rank 2


	~14%

	Tidal marshes


	100 (50-150)/ Rank 3
	100 (50-150)/ Rank 3


	~9%

	Seagrass meadows


	80 (40-120)/ Rank 4
	80 (40-120)/ Rank 4


	~7%


The data and information synthesized in Table 1 reveal that the highest estimated per-area and global carbon uptake is associated with macroalgal beds, but with an asymmetric wide range between its minimum and maximum estimated values. Mangroves are characterized by a relative smaller difference in uncertainty estimates between minimum and maximum carbon uptake values. Table 2 briefly presents the uncertainty characteristics of these coastal ecosystems, including their primary sources and contextual notes on uncertainty overlaps.

Table 2 Uncertainty characteristics of major coastal ecosystems for blue carbon applications
	Ecosystem type


	Uncertainty range (±%) in carbon uptake
	Primary sources of uncertainty
	Contextual note/ (uncertainty overlap?)

	Macroalgal beds


	–50% to +17%*

	Lateral transport, offshore burial, refractory DOC, lack of global data [19-21].
	Largest contributor, highest uncertainty

(non‑overlapping with others**) [20, 21].

	Mangroves


	–33% to +33%


	Soil carbon variability, land‑use change emissions, tidal export [17, 22].
	Stable and dominant in tropics (overlaps with macroalgal lower bound) [22].

	Tidal marshes


	–50% to +50%


	Salinity effects on decomposition, measurement of CH₄/ N₂O fluxes [19, 23].
	Moderate uptake, stable in temperate zones (overlaps mangroves and seagrass) [24].

	Seagrass meadows


	–50% to +50%


	Habitat loss, calcareous sediment dissolution, epiphyte interference [24, 25].


	Lowest uptake, widely distributed (overlaps with tidal marshes) [25].

	* The upper bound (+17%) of the macroalgal uncertainty reflects maximum reported values (700 Tg C yr⁻¹) while the lower bound (–50%) reflects the minimum (300 Tg C yr⁻¹).

** Non overlap determined by highest lower bound (100) versus next upper bound (200) - marginal but indicates distinct performance tier.


Comparative data and information synthesized in Table 1 and Table 2 reveal that the highest estimated per-area global uptake is associated with macroalgal beds, but with the highest relative uncertainty primarily because of the uncharted areas of tracing the carbon that was washed away to the ocean [26, 27]. A novel finding of this synthesis (Table 2) is that the asymmetric uncertainty in macroalgal carbon uptake (−50% to +17%) has direct policy consequences under current voluntary carbon market rules. Macroalgal projects cannot generate verified carbon credits until uncertainty is reduced to below ±30% through site‑specific measurements [19, 28, 29]. While macroalgal cultivation on steel slag or offshore wind foundations may seem to be a promising pilot research project in Bangladesh, it should not be marketed as a carbon‑offset project in the short term. Conversely, mangroves (uncertainty ±33%) already qualify under several methodologies, but only if baseline carbon stocks are established using national or regional data rather than global default data references [15, 28, 30]. Similarly, Malik et al. [31] demonstrated that economic valuation of mangrove blue carbon can bridge conservation and sustainable development in analogous tropical settings. The uncertainty estimates summarized in Table 2 help explain why some ecosystem types, such as macroalgal beds, face greater challenges in accessing carbon markets despite their high carbon uptake potential. Mangroves, highly relevant to the country’s southeastern coast, are characterized by smaller relative uncertainty and a reasonable per-area global uptake rate as there is more established literature and carbon accounting guidelines [32]. Similarly, tidal marshes and seagrass meadows possess a similar wide range, approximately 50 percent, which is caused by spatial variation and ecosystem degradation [23]. 

Mangrove ecosystems, highly relevant to the country’s southeastern coast, have been found to have a high capacity for reducing disaster risks, where wave height reductions up to 66 percent on 100 metre wide belts of the ecosystem have been observed in an empirical research following the 2004 Indian Ocean tsunami [33]. Sediment stabilization as a form of erosion control has been extensively reported in the mangrove ecosystem, and the rate of carbon accumulation in the soil takes 20 to 25 years to reach the same level as that of a natural site [34]. The trapping of sediments by landforms aids in accretion in dynamic estuarine environments, which enables coastal regions to keep up with the rising sea level. The fisheries nursery habitat and forest products provisioning services in this ecosystem are relevant to local livelihoods and food security [11]. Tidal flats and salt marshes, although less widespread in Bangladesh, would provide the same multifunctionality. Pro-environmental coastal structures, with gray structures reengineered to serve as habitats, have not been utilized in Bangladesh. Examples set in other countries show that seawalls may be modeled to accommodate tidal flat ecosystems and breakwaters may accommodate coral growth. Epiphytes on concrete surfaces may decrease temperature and humidity fluctuations on the building, and forming calcium carbonate epifauna may shield structures against weathering and erosion [35].

3.3 Temporal dynamics and performance analysis
The issue of the scale of time in assessing the performance of green infrastructure cannot be ignored. The development and accumulation of ecosystems and functionality follow trends that should guide project planning, monitoring time and stakeholder expectations. In the case of mangrove wetlands, it takes 20 to 25 years according to the chronosequence analysis of vegetation and soil formation whereas the same for tidal marshes is at least 25 to 100 years based on the condition of the sites and the mode of restoration [34]. In the case of seagrass meadows, it is 10 to 20 years as carbon sequestration studies have shown after the restoration process [34]. 
A comparative synthesis shown in Table 1 can also serve as a source of insights into these temporal dynamics. The 20–25 year recovery period for mangrove soil carbon to reach natural site levels is systematically mismatched with typical project funding cycles (typically 3–5 years for donor projects; 10–15 years for multilateral bank loans) [34]. This mismatch explains why many EbA projects in South Asia fail to report long‑term carbon benefits [2, 15, 36]. For Bangladesh, this implies that monitoring frameworks must be decoupled from project timelines, using staged verification (e.g., interim indicators at years 5, 10 and 20) aligned with results‑based finance mechanisms such as carbon credits or ecosystem service payments [4, 12, 37]. 
However, no previous studies relevant to coastal adaptation in Bangladesh has explicitly quantified this temporal mismatch or proposed staged verification protocols. Guidelines and technical standards in infrastructure project evaluation are currently based on writing that is specific to the monofunctional and non-portable gray infrastructure. Therefore, the dynamic multifunctional aspects as well as the uncertainties green infrastructures have to be quantified against current frameworks. New revised guidelines and standards would allow practitioners to describe and justify the impact and advantages of green infrastructure with suitable evidence and help decision makers approve any potential green or pro-environmental coastal infrastructure project [19].

3.4 Integration pathways and hybrid infrastructure opportunities
A few important observations from the literature review suggest two possible integration approaches to incorporating gray and green infrastructure applied to the case of Bangladesh. The first approach is the utilization of the available materials or resources as foundations for hybrid structures rather than disposing of them as waste and paying disposal costs. Port and navigation channel dredged sediments, which are most abundant in the dynamic estuarine system in Bangladesh, can be utilized in tidal flat restoration, beach nourishment and in mangrove establishment substrates. Products such as steel slag and coal fly ash from manufacturing have been proven to be used successfully in other countries to produce macroalgal beds. This translates to opportunities that would cut the cost of disposal among manufacturers as well as the cost of implementation of new infrastructure projects. The second approach may introduce blue carbon targets by integrating green infrastructures in current projects. Stakeholders are already engaged in continuous projects of known significance, and in this case, the addition of the concept of blue carbon and green infrastructure is not as challenging as creating entirely new projects. These integration pathways directly depend on the quantification of carbon uptake potential across ecosystem types summarized in Table 1, which can be used to determine which ecosystem types have the highest climate mitigation returns per unit investment and which have the highest uncertainty that must be dealt with by project design. Macroalgal beds have significant global climate potential even with their high uncertainty. However, they do not qualify for credits under current voluntary carbon market rules until certainty estimates improve. Therefore, pilot projects in Bangladesh using macroalgal growth on steel slag or offshore wind foundations may only be designed explicitly as pre-crediting research pilot projects aimed at reducing uncertainty and generating performance data. Beyond such research-oriented macroalgal pilots, other potential examples applicable to Bangladesh include mangrove restoration projects coupled with polder reinforcement projects or ecological design principles in new embankment development or redevelopment [38], carbon absorption targets for new coastal afforestation schemes, seaweed aquaculture, wind farm foundations as macroalgae substrate etc. A new engineering ecological hybrid, the so-called living shoreline, that relies on a mix of indigenous vegetation, oyster reefs and minimal structures is applicable to less exposed shores. 

3.5 Quantification, monetization and implementation barriers
One of the critical challenges of implementing green or green-gray hybrid infrastructure projects in Bangladesh is the quantification and monetization of the benefits of green infrastructure systems. In the absence of strong valuation techniques, even well-planned hybrid infrastructure projects are likely to fail to obtain the required stakeholder endorsement. Ideally, the entire spectrum of benefits that are being provided should be monetized to make the concept of green infrastructure effective and crucial to the perception and understanding of coastal stakeholders. Carbon offset crediting provides implementation protocols and a range of recognized ways of such monetization through various voluntary carbon markets [12, 17, 22, 32, 39-41]. 
It is argued that asymmetric uncertainty is common in poorly constrained systems and these uncertainties directly impact the potentials of blue carbon in carbon offset markets and green gray infrastructure projects [17, 19]. Figure 4 presents the conceptual illustration of the difficulties in measuring the functions of green infrastructure and their cost-benefit relationship. The figure emphasizes the difference in both the mitigation and adaptation functions between ecosystem parameters based on management methods and type of infrastructure. Most importantly, the cost-benefit correlation can be of various shapes like logistic, exponential or linear curves based on time and space magnitudes of analysis.
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Figure 4 Conceptual illustration of green infrastructure functions and cost-benefit relationships
With the high level of uncertainty, macroalgal beds do not qualify to receive voluntary carbon credits unless certainty estimates are provided to convince investors and engineers of clear confidence intervals to evaluate risk [28]. Therefore, understanding these rates is essential for developing Bangladesh-specific sustainable green gray infrastructural projects, developing blue carbon accounting methodologies and accessing carbon markets. The function-based approaches have a higher chance of meeting the interests of stakeholders and attracting investment due to the multifunctionalities assessed with numerical data [37, 42].
At present, the value of co-benefits is largely underestimated due to the complexity in quantification of benefits. Studies such as Kanan et al. [43] provide meta‑analytic evidence of substantial economic values from mangrove ecosystems in the Sundarbans. Mangroves have reasonably well-developed carbon accounting protocols, whereas macroalgal beds need more methodological development. Costs should be minimized in order to enhance cost effectiveness and co-benefits should also be quantified correctly. However, one of the most significant gaps still lies in the comparative cost-benefit analysis that quantifies the protective value and co-benefits of the hybrid methods and the traditional gray infrastructure. These analyses are needed to deal with the the temporal mismatch between ecological recovery schedules and institutional planning schedules in Bangladesh. Moreover, the fragmentation of the institutions within the country does not facilitate any integrated planning and implementation. Such fragmentation is a direct mismatch of the pathways of integration which need cross-sectoral integration to achieve synergies of green gray hybrid infrastructure.
Recent comparative analyses of institutional fragmentation in South Asian deltas reveal that Bangladesh faces an additional, under‑recognized barrier such as the absence of any formal coordination mandate between the Bangladesh Water Development Board (embankments), Forest Department (mangroves), and Department of Agricultural Extension (salinity adaptation) [11, 16, 36]. This fragmentation directly undermines the cross‑sectoral integration required for green‑gray hybrid infrastructure. There are a few low‑cost institutional pathways successfully tested and identified (e.g., tested in Vietnam and Indonesia) through joint budgeting for pilot hybrid projects at the upazila or sub‑district level and secondment of technical staff across agencies for the duration of EbA projects [7, 13, 29]. However, these pathways are absent from current Bangladesh coastal policy and represent an immediate actionable recommendation. A systematic review of public participation in coastal South Asia further highlights that meaningful community engagement remains largely absent from formal adaptation planning [44].
4. Conclusion and future outlook

Ecosystem-based systems for coastal defense are cost-effective, inherently adaptive and enable local communities to harness multiple co-benefits for their livelihood support. Outcomes of a number of coastal zone management projects in Bangladesh suggest that engineering solutions based solely on gray infrastructure development have often been economically and ecologically unsustainable for the country’s dynamic deltaic context. Coastal zone management should rather prioritize, facilitate and scale up coastal infrastructure design with nature-based ecosystem components which provide optimum climate mitigation and disaster risk management potential. The multifunctionalities of green-gray hybrid infrastructure such as reducing disaster risks, mitigating climate change with blue carbon sequestration, reducing erosion or providing ecosystem services are to be harnessed for Bangladesh by an integrated system development through a variety of financing options. 
The literature review outcomes reported in this paper suggest that macroalgal beds, mangroves or tidal marshes all offer multiple co-benefits and exhibit distinct blue carbon sequestration potential, but their individual uncertainty ranges must guide infrastructure choices in Bangladesh. Therefore, integrated coastal zone management plans are to be developed as context-sensitive hybrid infrastructure planning that distinguish spatial approaches according to levels of risk, ecological potential and community needs. The systematic review of this paper demonstrates that the successful implementation of green‑gray hybrid infrastructure in Bangladesh requires overcoming three specific gaps not previously synthesized such as the uncertainty‑policy disconnect (macroalgal carbon credits are not yet feasible); the temporal mismatch between ecological recovery (20–25 years) and project cycles (3–5 years); and institutional fragmentation without coordination mandates. In this context, the following novel and context‑specific framework for Bangladesh is proposed for spatially explicit prioritization, staged carbon verification and institutional integration. 
Mangrove green belt conservation and extension should be a priority in exposed coast areas, and monoculture plantations should be replaced with diverse native species to increase resilience and ecosystem service delivery. In embankment areas, vegetated slopes, setbacks in the form of vegetated foreshores and reinforced structures should be put in place. In the interior areas, controlled recharge of aquifers and climate-resilient farming are to be encouraged to combat the risks of salinity intrusion. For mangrove projects, interim carbon credits can be issued at year 10 based on modeled accumulation curves, with final verification at year 25. Macroalgal projects should be structured as research pilots with no carbon credit expectations until uncertainty is reduced. The institutional fragmentation issues of Bangladesh directly undermines the cross-sectoral integration needed for green-gray hybrid infrastructure and it must be addressed through coordination mandates. A mandatory coordination mandate may be established at the upazila level for all green‑gray infrastructure projects, with joint budgeting and cross‑agency secondment. 
Guidelines and standards in the evaluation of infrastructure projects need to be revised to support the dynamic and multifunctional characteristics of the green-gray hybrid systems. Systematic protocols must be established to quantify and value green infrastructure functions. The time scale to restore mangroves or other potential coastal ecosystems to reach natural site carbon build-up is to be appropriately factored into project design. Therefore, a country-specific blue carbon accounting methodology is required to be included in national carbon markets. Carbon offsets and ecosystem services need to be piloted using function-based monetization strategies to enable private investment. 
However, several limitations of this review should be acknowledged. The exclusion of non-English publications and the restriction to peer-reviewed articles or select technical reports may have omitted potentially relevant local evidence from regional studies. The quantitative comparisons of carbon uptake and uncertainty ranges rely on data from global studies that may not fully capture site-specific biological, physical or management conditions relevant to the Bangladesh context. This has introduced a degree of contextual approximation as reported in this paper. Also, the relatively small number of empirical studies from Bangladesh itself limits the generalizability of some findings in the country’s diverse coastal zones. This highlights the need for primary research on green-gray infrastructure performance in the Bangladesh context.
To practically shift from recommendation to action, two practical integration pathways - utilizing dredged sediments for habitat restoration and embedding blue carbon targets into existing polder reinforcement and coastal afforestation projects - can be pursued in Bangladesh. The future success of coastal zone management in Bangladesh, therefore, depends on shifting from generic EbA advocacy to quantitative, uncertainty‑aware, institutionally specific hybrid infrastructure planning. The country needs to develop its capacity to shift toward a model of coastal defense strategy that is proactive, integrated and based on a hybrid green-gray infrastructural system. Pilot projects combining mangrove restoration with polder reinforcement represent a concrete starting point for implementation toward this paradigm shift in Bangladesh. Paving the way forward requires a comprehensive vision of the coastal region of Bangladesh as a living socio-ecological system that needs to be nurtured in an integrated manner. 
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