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[bookmark: _Toc89020557]1. INTRODUCTION
[bookmark: _Toc89020558]1.1 The UN Decade of Ocean Science
The vision of the United Nations Decade of Ocean Science for Sustainable Development 2021-2030 (also referred to as ‘the Ocean Decade’), proclaimed at the 72nd Session of the United Nations General Assembly (UNGA), is ‘the science we need for the ocean we want’ and the mission is ‘to catalyse transformative ocean science solutions for sustainable development, connecting people and our ocean’ (UNESCO-IOC, 2021). The ultimate goal of the Ocean Decade is to provide a global framework to help generate oceanographic solutions to societal problems and challenges for sustainable development.
Implementation of ‘the Ocean Decade’ started on 1 January 2021 but prior to that date, a number of workshops were organised to help identify regional initiatives to be implemented as part of the Decade. The first global planning meeting took place in Copenhagen, Denmark, in May 2019. It brought together key stakeholders to exchange information, identify possible collaborations, encourage stakeholders to take ownership of the Decade, and, through the discussions, further develop the scope of the United Nations Decade. Subsequently, a number of regional workshops were held to provide an opportunity to engage and consult with oceans stakeholders around the world, thus enriching the conversation on the United Nations Decade and influencing its design. These regional workshops aim to identify: knowledge gaps and regional scientific priorities for the 2030 Agenda for Sustainable Development, existing and potential partnerships / networks / initiatives, priorities for capacity building and training, priority themes and topics to be addressed by the Ocean Decade, as well as other regional initiatives and meetings within the framework of the United Nations Decade
The Africa regional workshop, one of a number of workshops organised prior to the official commencement date of implementation of the Ocean Decade to help identify regional initiatives to be implemented as part of the Decade, was held in Nairobi, Kenya on 27 – 29 January 2020. Participating in the workshop, also called the Regional Consultation for Africa and Adjacent Island States, were ocean leaders, key stakeholders and community of experts in various disciplines of ocean science. The consultation was intended to facilitate regional, interdisciplinary discussions across different sectors and industries to identify concrete deliverables and partnerships to meet the Decade's societal outcomes. It also provided an opportunity to identify the main scientific needs for capacity building and cross-cutting priorities while presenting examples of institutional initiatives that could be transformed into future actions under the Ocean Decade in the service of sustainable development.
The report of the Africa regional consultation indicates that the outcomes of the consultation “add to a substantial body of work at the continental and national levels that identified major gaps and needs in ocean science for Africa, as well as the key elements of the enabling environment (e.g. resources, capacity development or institutional coordination) that will be needed to fill such gaps”. 
With the launch of the Ocean Decade on January 1, 2021 and the approval of the first set of actions, there is a growing awareness of the need to encourage stakeholders based in Africa to collaborate in the design and proposal of actions for the decade for approval as a contribution to the overall collective effort to implement the decade program. It is generally acknowledged that to continue to benefit from the services that the oceans provide, a global shared information and knowledge system framework is key in order to inform the relevant stakeholders about the ocean’s status, and activate the needed action to restore and preserve the ocean’s health (Duarte et al., 2018). As echoed in the Ocean Decade Implementation Plan (UNESCO-IOC, 2021), “the most pressing need today is to collectively find transformative solutions to the existing and future challenges that face the ocean and thus humankind. The solutions will be many and varied, and will differ in their form and scale to best respond to regional, national and local contexts”. 
The Ocean Decade Coordination Unit at the IOC Secretariat, Paris, together with IOCAFRICA and the Western Indian Ocean Marine Science Association (WIOMSA), initiated the process of conducting a regional gap analysis for the most urgent priority needs for the implementation of the Ocean Decade in Africa, and to identify the actions necessary to complement these needs. It was intended that the gap analysis report would be presented for discussion at the regional conference to kick off ocean decade activities in Africa and adjacent island states. The conference was scheduled to take place in Alexandria, Egypt from 13 to 15 December 2021.

[bookmark: _Toc89020559]1.2 Africa kick-off conference and gap analysis of priority issues for consideration
The regional kick-off conference for the Ocean Decade in Africa and the adjacent island states is “to provide a forum to take stock of the status of ocean science and technology in the region, deliberate on how ocean science in Africa should be supported and focused on delivering the required societal outcomes. It is also to seek interest and commitment of the oceanographic community to embark on a number of directions of research which are critical for ocean sustainable management”. The objective of the gap analysis was “to develop a participatory, succinct statement of the priority needs for Africa under the Ocean Decade and identify the key barriers, opportunities and actions to meet those needs”. A team of four experts, was engaged to undertake the analysis. 
The Ocean Decade Implementation Plan clearly outlines the process for designing the science we need for the ocean we want and the operational framework to guide the design and implementation of the required actions. The gap analysis was also intended to identify the barriers, opportunities and priority actions for the implementation of the Ocean Decade, and its preparation was to be guided by the following key principles:
· A participatory approach with interviews, focus groups and meetings planned at key points during the work. 
· Using existing documentation, analyses and information to inform the analysis rather than starting from scratch. 
· An equal focus on the scientific priorities and the enabling environment needs.
· The detailed consideration of the continental, regional and national policy frameworks that define the ocean ambition for Africa. 
· The detailed consideration of the Decade Action Framework including the Ocean Decade Challenges and the principles underlying the Decade (including transformation, inclusivity, co-design and solutions-based science).
· A focus on action and on the overall objective of the analysis to identify potential Decade Actions to be taken up by Decade partners (existing and future).
· A focus on pragmatism and identification of actions to meet the needs.

Three sub-regional gap analysis reports were prepared from which this combined report for Africa was prepared. A common methodology was used in the preparation of the sub-regional reports. This involved:
(i) Identification of the current state of knowledge and data in ocean science in each region, including trans-disciplinary research as well as existing infrastructure, networks, partnerships and available resources.
(ii) Identification of the knowledge gaps, scientific priorities, potential baselines and capacity-development needs in the region in order to respond to the Ocean Decade challenges.                                
(iii) Elaboration of recommendations to co-design regional initiatives, identify opportunities to develop capacity development initiatives as well as opportunities for partnerships and resource mobilization in the region.

[bookmark: _Toc89020560]2. OCEAN DECADE CHALLENGES, OUTCOMES AND OBJECTIVES
The ultimate goal of the Ocean Decade is to provide a global framework to help generate oceanographic solutions to societal problems and challenges for sustainable development (UNESCO-IOC, 2020). From the initial Ocean Decade consultations and planning meetings, ten challenges were identified in respect of the Ocean Decade. These are grouped into three types, namely; ‘Knowledge and Solutions Challenges’, ‘Essential Infrastructure Challenges’ and ‘Foundational Challenges’. The first set focus on scientific research priorities and encompass social, economic and political science disciplines as well as indigenous and local knowledge. The second set focus on the infrastructure needed to underpin the ambitions of the Ocean Decade; and the last focus on essential, cross-cutting elements of the enabling environment for the Ocean Decade (UNESCO-IOC, 2021). 
The Ocean Decade Challenges are said to “represent the highest level of the Decade Action Framework and articulate the most immediate priorities for the Decade”.  Addressing these challenges is expected to lead to the seven Ocean Decade Outcomes. The Outcomes describe the ‘ocean we want’ at the end of the Ocean Decade. They describe both the desired state of the ocean (Outcomes 1 and 2) and the desired state of society’s use of, and interaction with, the ocean (Outcomes 3 to 7) (UNESCO-IOC, 2021). Table 1 shows the linkages between the Ocean Decade outcomes and the challenges and the related Sustainable Development Goals (SDGs).
The outcomes are also linked to the following four strategic objectives of the Ocean Decade:
Objective 1: Increase transformative science capacity & capability globally to enable informed decision making and societal engagement to attain the 2030 Agenda. 
Objective 2: Expand, innovate and integrate ocean knowledge systems globally, including ocean observing networks, data systems and other infrastructure.  
Objective 3: Understand and predict fundamental aspects of the whole ocean system, including the human component, to provide critical knowledge to support sustainable development and nimble responses to ocean related change and hazards across multiple scales. 
Objective 4: Secure a healthy, resilient and sustainably used ocean by developing and enabling integrated assessment and decision support systems and other transformational tools and processes.  


Table 1: Ocean Decade Challenges, Outcomes and links to the Sustainable Development Goals (SDGs)
	
	Ocean Decade Challenges
	Ocean Decade Outcomes
	Related SDGs
	

	Knowledge and Solutions Challenges
	1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	1. A clean ocean where sources of pollution are identified and reduced or removed.  
	The SDG14.1 target (pollution); SDG3 (health and well-being); SDG 6(sanitation), SDG 15(life on land), SDG 11 (urbanization), SDG 12 (consumption)
	Desired state of the ocean Outcomes

	
	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	2. A healthy and resilient ocean where marine ecosystems are understood, protected, restored and managed.  
	Target SDG 14.2 (marine and coastal ecosystems), SDG 1 (poverty), SDG 13 (climate change), SDG 7 (renewable energies), SDG16 (effective institutions, the Paris agreement concluded within the framework of the UNFCCC
	

	
	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions.
	3. A productive ocean supporting sustainable food supply and a sustainable ocean economy.
	SDG targets 14.4 and 14.6, SDG 1 (poverty reduction), SDG 8 (economic growth), SDG 2 (food security),
	Desired state of society’s use of, and interaction with, the ocean

	
	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	
	
	

	
	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.
	4. A predicted ocean where society understands and can respond to changing ocean conditions. 
5. A safe ocean where life and livelihoods are protected from ocean-related hazards.
	SDG target 14a., SDG 8 (blue economy), SDG 9 (technological innovation

SDG 13 (climate change), SDG 11 (resilient coastal cities), the Paris agreement concluded under the UNFCCC
	

	Essential Infrastructure Challenges
	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	
	
	

	
	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	6. An accessible ocean with open and equitable access to data, information and technology and innovation.  
	Target SDG 14.a, SDG 16 (peaceful and inclusive society), SDG 4 (education), SDG 5 (gender equality), SDG 10 (reduced inequalities)
	

	
	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.
	
	
	

	Foundational Challenges
	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	7. An inspiring and engaging ocean where society understands and values the ocean in relation to human wellbeing and sustainable development.
	
	

	
	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	
	
	



[bookmark: _Toc89020561]3. GEOGRAPHIC SCOPE OF THE ANALYSIS 
For the gap analysis, three sub-regions were considered, namely; the Eastern Atlantic Ocean (i.e. west coast of Africa), the Red Sea and Mediterranean Sea (north and northeast coast) and the Western Indian Ocean (east coast) (Figure 1).

[image: ]
Figure 1: Map of Africa showing the three sub-regions covered in the analysis

The Eastern Atlantic Ocean area, which is from Morocco in the north to South Africa in the south, is made up of three oceanographically distinct Large Marine Ecosystems (LMEs), namely; the Canary Current LME (to the north), the Guinea Current LME (in the middle) and the Benguela Current LME (to the south). The riparian countries of the Canary Current LME are Cabo Verde, the Gambia, Guinea, Guinea Bissau, Morocco, Mauritania and Senegal. The Guinea Current LME area extends from the Bijagós Archipelago of Guinea Bissau in the north to Angola in the south and includes the exclusive economic zones (EEZs) of 16 countries, namely, Angola, Benin, Cameroon, Congo, Côte d'Ivoire, Democratic Republic of the Congo, Equatorial Guinea, Gabon, Ghana, Guinea, Guinea Bissau, Liberia, Nigeria, Sao Tome and Principe, Sierra Leone and Togo. Angola, Namibia and South Africa are the countries bordering the Benguela Current LME. Strong political support for regional cooperation in the management of marine and coastal resources has seen the three Benguela Current LME countries to establish the Benguela Current Convention, a multilateral organization that promotes the optimal and sustainable utilization of the fishery resources of the LME. The Canary Current and Benguela Current LMEs are two of the most productive maritime waters in the world in terms of fisheries. The Eastern Atlantic area also has important hydrocarbon deposits hence key oil and gas prospecting areas. 
The Mediterranean Sea (also called Internum Mare in Latin because of its position between southern Europe, northern Africa and western Asia) is a vast inland sea. Except the narrow Strait of Gibraltar through which it communicates with the Atlantic Ocean and the artificial opening of the Suez Canal through which it communicates with the Red Sea, the Mediterranean Sea is completely surrounded by land on all sides. African countries bordering the Mediterranean Sea are Morocco, Algeria, Tunisia, Libya and Egypt. The Mediterranean Sea has been recognized as a key element for cultural and economic development, especially since it is marked by a unique diversity and concerns the countries of Europe, North Africa and the Middle East. It is said that the Ocean Decade can contribute to profound changes that could make the Mediterranean Sea a haven of peace for a sustainable future. 
The Red Sea is virtually, an intra-continental part of the Indian Ocean between North Africa and the Middle East with an area of approximately 450,000 km². To the south, it opens into the Indian Ocean through the Strait of Bab el Mandeb and the Gulf of Aden. The countries bordering the Red Sea on the Africa side are Egypt, Sudan, Eritrea, Djibouti, and Somalia.
The Western Indian Ocean sub-region extends from the Arabian Gulf in the north, to the Eastern Cape Province of South Africa in the south. It comprises the EEZ of the mainland Eastern African coastal states of Kenya, Mozambique, Somalia, South Africa and Tanzania as well as the island states of Comoros, Madagascar, Mauritius and Seychelles, and also Mayotte and Reunion islands. The area falls in the Agulhas and Somali Currents LMEs. According to Everett (2017), the biogeographic agents that characterize the ecoregions in the Western Indian Ocean include upwelling cells, nutrient inputs from freshwater influx, the influence of ocean currents (Northern Monsoon Coastal Current), bathymetric or coastal complexity (East African Coral Coast), or differences in temperature regimes or sediments. The ocean currents impact on the migration of species, connectivity, sediment transport, hydrographic (e.g. heat and salt) and biological (e.g. nutrients, plankton) properties, and disperse pollutants between different ocean basins (van Sebille et al., 2020; Kane et al., 2020). They also drive the weather and climate system, and affect the shipping operations, with impact on safety. 

[bookmark: _Toc89020562]4. CURRENT STATE OF KNOWLEDGE IN OCEAN SCIENCE IN AFRICA
The oceans and seas around the African continent have been subjected to various kinds of pressures over the years for various reasons. A large portion of the population in the riparian communities depend on marine resources for not only their income but also their food security. There are common problems in all the oceans and seas as well as very ocean or sea-specific ones.  
The Mediterranean Sea, for example, is marked by high demand on its coastal waters that affects and weakens its ecosystems. More than a quarter of the world's tourism and maritime transport activities take place in the Mediterranean. Furthermore, according to Randone et al. (2017), a conservative value of the economic assets of the Mediterranean is estimated at US$5.6 trillion dollars, generating an annual economic value of US$450 billion. Knowledge environmental trends in the Mediterranean point out unprecedented acceleration of changes concerning temperature, salinity, sea-level rise, water circulation, biodiversity and ecosystem shifts during the twentieth century (Schroeder, et al. 2013; Schroeder et al., 2017, Golani et al., 2021). In particular, temperatures are going up 20% faster than the global average.	Comment by Mwashinga, Edwin: Reference
As climate change pushes sea temperatures higher and higher, a process of tropicalization is well under way in the Mediterranean season, particularly the eastern side which is also the hottest part of the basin. In addition to already being heavily overfished, native species which prefer cooler waters, are shifting the southernmost limit of their distribution northwards (Givan et al., 2018). Meanwhile, in the eastern Mediterranean, which is warming at a rate far above the global average, invasive tropical species - most of which arrive through the Suez Canal – are extending their distribution in line with the rising temperatures (Schroeder, 2016). Jellyfish blooms are happening annually and lasting longer with the effect of radically altering regional ecosystems, with serious knock-on effects for fisheries and tourism. Consequently, the Ocean Decade is perceived to be an excellent opportunity to take a closer look at the sea and make it the subject of concerted actions to deepen the state of knowledge and to better manage its exploitation in a sustainable manner.
Various actors with relevant experience in biodiversity research and protection in the Mediterranean region (including UNESCO, UNEP-MAP, CIESM, IUCN, MedPAN, Notre Grand Bleu, etc.) are united in the conclusion that co-management is the way forward in the Mediterranean basin. The role of cultural practices and cultural landscapes in conserving biodiversity and maintaining the wellbeing of communities is also acknowledged (Lam et al., 2020).
The Red Sea is one of the world’s top marine biodiversity hotspots (Roberts et al., 2002). Its coral reefs contain 333 reported coral species (Dubinsky and Stambler, 2011) and endemism is high (Sheppard, 2000). The region’s megafauna, including dugong, turtles and other ‘Red Listed’ species, are also of importance (Sheppard, 2000). Fisheries, comprising artisanal and industrial sectors, are livelihood activities of longstanding importance (Sheppard, 2000). Because of the Red Sea’s spectacular reefs, and relatively close proximity to Europe, some parts are now a major diving destination and used heavily (Sheppard et al., 1992, Zakai and Chadwick-Furman, 2002, Price and Harris, 2009). However, marine biodiversity is deteriorating from global environmental stressors, such as global warming, ocean acidification, and reduced ocean oxygen concentrations. Natural habitats such as coral reefs, mangroves and seagrass beds have been physically altered and destroyed through dredging and landfilling operations associated with urbanisation, industrial development and tourism, especially in Jordan, Saudi Arabia, Egypt, Sudan and Yemen. Thus, current regional issues of concern in the Red Sea include localized destruction of coral reefs, seagrass and mangroves; declines in some fish stocks; exploitation of some endangered species; pollution from the development and transport of petroleum; and disposal of industrial and municipal wastes. 
The underlying causes of these issues are the natural vulnerability of the Red Sea due to its semi-enclosed nature; economic reliance on the petroleum industry; significant navigation risks; a rapidly increasing coastal population and associated developments; lack of fisheries information, surveillance and management; poor coastal zone planning; and limited technical expertise. Strategic actions addressing these issues will need to be implemented regionally and to focus on coastal zone management that integrates environmental planning, environmental assessment and review; training and institutional development; public awareness and participation; information gathering especially fisheries statistics; reducing navigation risks; and the development of resource management and conservation strategies.
The Eastern Atlantic Ocean sub-region is home to a population of more than five hundred million inhabitants (500,000,000) of which more than 40% live close to the coastal zone. The oceanic and coastal zone are vital for these populations as a provider of goods and services to them. These areas are under pressure from human economic activities such as fishing, shipping, port development, urban expansion, tourism and other land-based activities. The sub-region is very rich in oil and gas, particularly in the Gulf of Guinea, and these constitute a source of conflicts and the cause of maritime insecurity in the sub-region (AUC, 2012). Emerging activities such as deep-sea mining, will potentially further threaten the health of the Eastern Atlantic Ocean. 
The human populations are exposed to multiple risks, climatic hazards - in particular more frequent storm surges, a weakening of the equatorial circulation, rising sea levels causing coastal erosion and flooding, and rising sea temperatures. It is also subject to pollution due to land and ocean activities and to disturbances of oceanic and coastal habitats, the destruction of maritime habitats by coastal infrastructure installations and submarine cables; and overexploitation of fishery resources. Pollution is a major threat to the ecosystems in the Eastern Atlantic area. Almost 80% of pollutants come from land-based activities (NOAA, 2021); while other sources include marine activities such as shipping (e.g. oil leaks or oil spills) and fishing (e.g. discarded or lost fishing nets). 
Physical disturbances and destruction of marine habitats are caused by human activities like trawling, maritime transport, the laying of submarine cables and potentially by the installation of structures for the prospecting and exploitation of oil, gas and mineral deposits.
Climate change is intensifying the pressure on oceanic and coastal ecosystems, as it leads to increased ocean acidity, decreased oxygen levels, warming waters and displacement of ocean currents. It is important to realize that oceanic areas and inshore waters are biologically and ecologically connected. Ecological connectivity means that disturbances affecting marine diversity are not contained but have repercussions far beyond the area of ​​immediate impact. For example, the negative impacts of overfishing or degradation of habitats in the oceanic area will also affect fisheries in coastal areas and vice versa. 
This Eastern Atlantic Ocean sub-region is also characterized by an increase in occurrence of invasive species and harmful algal blooms such as Sargassum, which are real obstacles for fishing activities. The sub-region is rich in biodiversity and is home to the most productive mangrove forests in Africa (Ukwe et al., 2001); these mangroves constitute a source of well-being for coastal communities. In terms of biodiversity, the Eastern Atlantic has many areas of Ecologically or Biologically Significant Marine Areas (EBSAs); Key Biodiversity Areas (KBAs), including Important Areas for the Conservation of Birds (IBAs) and Important Marine Mammal Areas (IMMA), Particularly Sensitive Sea Areas (SPAs), and Vulnerable Ecosystems (EMV). A total of 12 EMVs have been established in the South East Atlantic Fisheries Organization (SEAFO) area (FAO's statistical division 47), with some overlaps with areas located further north (i.e. FAO statistical division 34). However, the status of marine biodiversity in the Eastern Central Atlantic (ECA) is of concern owing to a number of threats including over-harvesting, habitat loss, pollution, and climate change combined with inadequate policy responses, legislation, and enforcement (Polidoro et al., 2017).	Comment by Mwashinga, Edwin: PSSA	Comment by Mwashinga, Edwin: Vulnerable Marine Ecosystems (VME)???

The seabed in the ocean area provides a unique habitat for a variety of fragile deep-water species and communities but is also particularly rich in mineral deposits that have formed over extremely long time scales. They contain a series of areas of geological significance, in particular seamounts, hydrothermal spring and manganese nodule fields. These geological features are associated with different types of marine mineral resources, in particular: i) manganese nodules; ii) cobalt-rich ferromanganese crusts and iii) Polymetallic sulphides. Exploitation of the marine mineral resources contained in these areas could generate short-term benefits, but large-scale mining of these mineral resources is expected to have severe and lasting consequences on the entire marine environment and, subsequently, on human well-being.
This region is also home to benthic and pelagic marine habitats that support rich and diverse ocean communities and are among the largest reservoirs of biomass and non-renewable resources; these habitats are sites of microbial processes essential to biogeochemical cycles. The Eastern Atlantic is home to nearly 25% of the planet's seamounts, particularly at the Mid-Atlantic Ridge, the Walvis Ridge and Guinea. It is estimated that nearly 700 seamounts are present in the region, but only a small portion of them have been explored to date. Fishing is the most important human activity in the Eastern Atlantic sub-region leading to pressure on marine biodiversity and fish stocks. Loss of genetic diversity is also observed due to the exploitation of fish populations especially in vulnerable ecosystems, while other activities (e.g. mining, energy) can also damage habitats or feeding areas. As in other regions, the Eastern Atlantic area is rich in marine megafauna and therefore constitutes an area of ​​particular conservation concern. Most seabirds in the area exhibit highly migratory lifestyles and spend considerable time in the oceanic area. Seabirds are subject to threats and pressures from both land and sea sources. 
However, the Eastern Atlantic, as a marine environment in general, is in a precarious situation. The pressures arising from human activities continue to cause considerable and potentially irreversible damage to the richness of marine ecosystems. While studying and assessing pressures on individual basis is essential to present evidence clearly, pressures must also be considered cumulatively. Cumulative pressures on the marine environment from human activities affect ecosystems in complex ways, and combinations of pressures can lead to adverse environmental effects that outweigh their individual effects. Ecosystem management is a way to better identify and account for cumulative pressures emanating from multiple activities, recognizing the different pressures that cause change and how they interact and then developing management approaches that take into account these pressures in a holistic way at different spatial and temporal scales. 
In the Western Indian Ocean (WIO) region, pollution is of grave concern. According to the World Health Organization (WHO), ten major chemical pollutants of concern have been identified; three (3) of these namely, Lead (Pb), Cadmium (Cd) and Mercury (Hg), have recently been assessed and reported in the WIO region (Tamele and Loureiro, 2020). In recent years, marine litter has become a hotspot topic of concern among marine scientists, general public and relevant stakeholders worldwide (GESAMP, 2019); the WIO area is not an exception in this. Plastic pollution in the area poses a real threat that continues to present a challenge to the integrity of the biodiversity, and livelihood of the coastal communities. Marine litter refers to “any persistent, manufactured or processed solid material discarded, disposed of or abandoned in the marine and coastal environment”. The UN Environment (2018) report states “Although the most obvious types of marine litter are the larger plastic debris, microplastics are also emerging as a global threat in the marine waters. Microplastics are derivatives from marine plastic litter and result from fragmentation of larger plastics items in the environment, release of fibres from the washing of textiles and the spillage of pre-production pellets or powders that are in transit or process prior to being made into everyday plastic items.”
[bookmark: _Hlk85556198]The risks of oil spills and other hazardous pollution substances in the WIO is high as the region is characterized by some of the busiest international trade routes, and is a major route for transporting over 30 percent of the world’s crude oil supplies (Swanepoel, 2020).
Because of being surrounded by developing countries with many local communities relying entirely on coastal and marine resources and ecosystems services, the rich biodiversity of western Indian Ocean is being impacted negatively. It is estimated that over 60 million people in the WIO region live in the coastal zone. Consequently, the biodiversity of the region is directly or indirectly under threat from exploitation of the marine and coastal resources, as well as man-induced degradation of the habitat (UNEP-Nairobi Convention and WIOMSA, 2015). The coastal populations also rely heavily on fishing as a source of food and economic activities (Groeneveld, 2015). Besides fishing, a new player in food production in the region is mariculture where the following are farmed: seaweed, prawns, fish and sea cucumbers. 	Comment by Mwashinga, Edwin: Reference	Comment by Mwashinga, Edwin: Unsustainable Exploitation	Comment by Mwashinga, Edwin: IUU issues are more than pronounced in the region
Maritime security is also critical owing to incidences of piracy and terrorism- I think it will be crucial to highlight these in this section

The impact of climate variability and change has led to coral bleaching, sea-level rise, flooding and other effects in the WIO region. 

[bookmark: _Toc89020563]5. ASPECTS OF HUMAN, INSTITUTIONAL AND TECHNICAL CAPACITY IN OCEAN SCIENCE IN AFRICA
The documentation on the Ocean Decade place great importance on the subject of capacity – institutional, human and technical. It is indicated that the Ocean Decade represents an opportunity to build scientific capacity and knowledge to contribute to the goals of the 2030 Agenda for Sustainable Development. At the Nairobi consultation, capacity in all its forms came up in the discussion during the plenaries and in the working groups. The focus of the panel discussions on capacity development and transfer of marine technology was on the key capacity building needs that will allow Africa to participate fully in the Ocean Decade, and in particular how to ensure that future capacity development actions in Africa result in sustainable and real benefits for ocean science and for African scientists (IOC-UNESCO, 2020). The report of the consultation indicates the following as identified priority areas:
· Importance of national funding to ocean research and capacity development to ensure that these are sustained and address national priorities, reaping long term benefits for the countries. This funding should also be sourced from private sector.
· Establishment of a visiting scholar/exchange programme to enable countries at different levels of development and different skill sets to share expertise and experiences. Development of scholarship and mentorship programmes, targeting Early Career Scientists.
· Improving the quality and quantity of research outputs. Scientists and institutions should think beyond producing publications to transforming lives through innovation and robust application of our science. They should be able to demonstrate that the research results have been applied and impacted on the society.
· Assessment of the current status of capacity in the region required. This will involve mapping of institutions (including facilities such as vessels, laboratories, observation platforms and other equipment), and inventory of experts (specialization, qualification, gender and age). 
· Identification of the major clients of capacity development and how their requirements can be addressed. 
· The importance of keeping scientists doing good science was stressed with the recommendation to support senior scientists that move to administrative work to continue to maintain their labs and to train and mentor young scientists
· Platform should be developed to facilitate the sharing of infrastructure and optimizing their use. 
· Dissemination and use of locally developed technology and tools.
· Establishment of state-of-the-art regional research facilities. Research and academic institutions need to have robust strategies that can be supported by regional and international organizations.
· There is need to focus on the young and emerging scientists through robust mentorship programmes.
· WIOMSA’s experience demonstrates that there is need to mobilize the scientific community though capacity building, partnerships and research support and link this to policy and should be replicated across Africa.

In spite of the growing understanding of the critical role of the human component in the ocean science enterprise and in the science-to-management and science-to-innovation value chains, the 2020 Global Ocean Science Report (GOSR2020) (IOC-UNESCO, 2020), indicates that the technical capacity of ocean science remains unequally distributed among countries and regions. It also notes that several countries are inadequately equipped to manage their ocean data and information, and this hampers open access and data sharing. The imbalance is further accentuated by short-term or ad hoc funding for ocean science. 
In several countries in Africa, for example, implementation of ocean science programmes is often hampered by limitation of resources and lack of appropriate human capacity. Many governments have to balance funding for ocean science and research against competing needs from equally deserving sectors such as health, education, food. Innovative resource mobilization mechanisms and partnerships are therefore important for funding ocean science and research.
According to IOC-UNESCO (2020), the data and information presented in the GOSR2020 will form part of the monitoring and evaluation process to track the progress of the Ocean Decade in achieving its vision of ‘The science we need for the ocean we want’. The baseline information presented in the GOSR2020 will guide all ocean science actors, support the involvement of all countries in the Ocean Decade and help to remove barriers related to gender, generation and origin for all participants. 



[bookmark: _Toc89020564]6. APPROACH USED IN THE COLLECTION AND ANALYSIS OF DATA AND INFORMATION 
The United Nations Decade roadmap presented by the Intergovernmental Oceanographic Commission (IOC) provides starting guidelines for the steps and processes needed to develop the United Nations Decade plan of implementation and also formulates a preliminary set of globally defined objectives and priority areas for research and development. Global and regional consultation workshops are essential mechanisms for achieving goals and mobilizing diverse communities through a multilateral process and structured dialogues.
Our approach in this work was to: 
i. Assess the current status of ocean science in respect of the seas and oceans around Africa, specifically the Red Sea, Mediterranean Sea, Western Indian Ocean and the Eastern Atlantic Ocean;
ii. Work out the necessary ocean science interventions that will lead to the achievement of the expected Ocean Decade outcomes with respect to the oceans around Africa, and taking into consideration the identified Ocean Decade challenges;
iii. Identify areas for improvement and subject same to prioritization by experts in the field; and
iv. Prepare an activity plan for initiatives, programmes and projects to bridge the gap.

The work was guided by specific Terms of Reference (TORs) for the consultants and the regional gap analysis for Africa was prepared according to the following recommended tasks included in the TOR of the lead consultant:
i. Develop preliminary gap analysis reports for individual sub-regions. 
ii. Combine individual reports into a single report encompassing all regions/languages.
iii. Develop a framework with the goals, measures and projects identified in the gap analysis and develop an action plan.
iv. Provide recommendations and framework for future review of the regional gap analysis and indicators and methods to track progress.
v. Present draft regional gap analysis and action plan at the African Ocean Decade Kick-Off Conference in December 2021 and incorporate feedback received to finalize the report.
The gap analysis methodology is described as an examination and assessment of current performance of an organization or entity for the purpose of identifying the differences between its current state and where it would like to be. It compares the current state with an ideal state and highlights shortcomings and opportunities for improvement. In this connection, the methodology is expected to bring out where Africa is now with regard to ocean science, where the ocean science community of experts would wish the continent to be in relation to the Ocean Decade societal outcomes, and how the identified gaps can be closed. 
The initial step was to assess the current status of ocean science and list of initiatives and programmes in respect of the seas and oceans around Africa, specifically the Red and Mediterranean Seas, the Western Indian Ocean and the Eastern Atlantic Ocean. This involved extensive literature search structured around the Ocean Decade Challenges. The list of key documents consulted for each sub-region is given in the sub-regional report. As per the documentation on the Ocean Decade (UNESCO-IOC, 2021), “ocean science” as used here, “…encompasses natural and social science disciplines, including interdisciplinary topics; the technology and infrastructure that supports ocean science; the application of ocean science for societal benefit, including knowledge transfer and applications in regions that are lacking science capacity; and the science-policy and science-innovation interfaces. It considers the land-sea, ocean-atmosphere, and ocean-cryosphere interactions and recognises, respects and embraces local and indigenous knowledge”. 
Other major sources of information were the various documentation on the Ocean Decade including those presented at the Nairobi consultation and the reports of the same, and the Global Ocean Science Report 2020 (GOSR2020) (IOC-UNESCO, 2020), which offers a global record of how, where and by whom ocean science is conducted. The agenda of the Nairobi consultation included plenary sessions where cross-cutting issues were discussed, and working group sessions which were organized around the then six expected societal outcomes of the Ocean Decade. As indicated in the report of the Nairobi consultation, the “Working Groups addressed both deep disciplinary understanding of ocean processes and solution-oriented research to generate new knowledge needed to achieve a given societal outcome. They mapped existing networks and science initiatives that can contribute, identified major knowledge gaps that are hindering sustainable development, and prioritized research priorities and data requirements. They also delineated a number of potential partnerships with concrete deliverables in terms of ocean sustainability that should be further developed in the framework of the Decade. Aspects related to marine technology and capacity development were also addressed”. 
For the second step of the analysis, the objective of which was to look at the ocean science we need for the ocean we want, the report of the Nairobi consultation was critically examined. At the Nairobi consultation, the main scientific and capacity-building needs and cross-cutting priorities were identified and also examples of initiatives that could be transformed into future actions were presented. As much as possible, proposals were in line with the United Nations’ Sustainable Development Goals (2030 Agenda), and continental and regional initiatives such as the African Union’s Agenda 2063 and the 2050 African Integrated Marine Strategic Plan of Action (2050 AIMS). Agenda 2063 recognizes the Blue Economy as a major contributor to continental transformation and growth, while the 2050 AIMS provides a roadmap for increased wealth creation from Africa’s oceans and seas by developing a sustainable thriving blue economy. It is important to note here that as at the time of the Nairobi consultation, emphasis was placed on the then six Ocean Decade Outcomes and not the Challenges.  The links between the Nairobi Consultation working groups (WGs) and the Ocean Decade Outcomes are as follows:
WG1: A clean ocean where sources of pollution are identified and removed (Outcome 1)
WG2: A healthy and resilient ocean where marine ecosystems are mapped and protected (Outcome 2)
WG3: A predictable ocean where society has the capacity to understand current and future ocean conditions (Outcome 4) 
WG4: A safe ocean where people are protected from ocean hazards (Outcome 5)
WG5: A sustainably harvested and productive ocean ensuring the provision of food supply and sustainable livelihoods (Outcome 3)
WG6: A transparent and accessible ocean with open access to data, information and technologies (Outcome 6) 
Panel 3: Capacity development and transfer of marine technology (Outcome 7)
Panel 4: Communications and ocean literacy (Outcome 7)

The information put together from the literature search and the Nairobi consultation report formed the basis of an enquiry to assess issues that can be considered in the priority needs for Africa under the Ocean Decade. The Delphi method (Brown, 1968), a process used to arrive at a group opinion or decision through a series of questionnaires was employed in the administration of the questionnaire and prioritisation of the challenges and associated issues put together from the literature search and analysis of the Nairobi report. The questionnaire was sent to identified stakeholders through a surveymonkey. The responses from the survey were to be analysed at sub-regional level, namely Red and Mediterranean Seas, Eastern Atlantic Ocean, and Western Indian ocean. In the course of this work, the IOCAFRICA office also sent a questionnaire to IOC national Focal Points in Africa to obtain national views on the subject matter. The responses received from the focal points were also made available for the gap analysis.  
Since there was no time in Nairobi to subject the ideas that came up at the consultation to a wider stakeholder discussion and assessment, we considered the idea to provide a core group of issues to be considered for possible prioritization by experts in the field. The questionnaire was to be used to verify the ideas from the Nairobi consultation as well as information obtained from the relevant literature. In the administration of the questionnaire, the plan was to target ocean scientists, institutions and focal points of relevant regional and international programmes. This included the national focal points for the organizations/institutions listed below. However, emphasis was placed on institutions rather than individuals as responses from the former were expected to be relatively more consistent. 
· Food and Agriculture Organization of the United Nations (FAO)
· United Nations Environment Programme (UNEP) and the Regional Seas Programmes
· IOC of UNESCO
· African Union Commission
· African Development Bank
· River Basin Development Authorities
· LME programmes in Africa
· Regional Economic Communities (RECs)
· Relevant non-African institutions with interests in Africa and holding essential data and information on ocean science in the continent (e.g. National Oceanic and Atmospheric Administration (NOAA) of USA, IRD and IFREMER of France, and GIZ of Germany). 
The decision on the items to take forward was based on the survey results and guided by the notion of Transformative Ocean Science considered as central to the Ocean Decade. In the Ocean Decade Implementation Plan (UNESCO-IOC, 2021), it is indicated that the different ways in which the transformative nature of the Decade will manifest include the promotion and facilitation of ocean science that: 
· uses the 2030 Agenda as a central framework to identify and address the most pressing societal questions related to SDG14 and related SDGs;  
· is co-designed and co-delivered in a multi-stakeholder environment to be relevant and responsive across the entire value-chain from knowledge generation, to applications and services to use of science for solutions;  
· is solutions-focused and contributes to a wide variety of potential solutions including policy, decision-making, management or governance frameworks, or technology development and innovation;  
· where needed, is big, audacious, forward-looking, and spans geographies;  
· reaches across disciplines and actively integrates natural and social science disciplines;  
· embraces local and indigenous knowledge as a key knowledge source;  
· is transformative because of who is doing it or where it is being done, including in both less developed and developed countries;  
· strives for generational, gender and geographic diversity in all its manifestations;  
· is communicated in forms that are widely understood across society and that trigger excitement about the ocean and behaviour change; and 
· is shared openly and available for re-use.  

Other factors, including expected duration and urgency of required actions, were also considered. In the gap analysis, the required technology as well as manpower and expertise in ocean science delivery in Africa were also highlighted. It is also expected that the gap analysis should align with the Ocean Decade Monitoring and Evaluation Framework to identify key indicators and methods for measuring progress and achievements. IOCAFRICA also indicated that ideally, the gap analysis will cover the entire ten years of the Decade, but it may focus more specifically on the first five years of implementation as a mid-term review and update of the gap analysis is envisaged in 2025 to respond to emerging issues and achievements.

[bookmark: _Toc89020565]7. FINDINGS
[bookmark: _Toc86322314]The findings from the literature search, and the relevant information gathered from the Ocean Decade documentation are presented here. Also presented are the summaries of the information obtained from the IOCAFRICA questionnaire to IOC Focal Points and the outcome of the questionnaire administered through the surveymonkey.

[bookmark: _Toc89020566]7.1 Essential elements gathered from the literature in relation to the ten Ocean Decade Challenges
It is acknowledged that the Ocean Decade challenges outline the most urgent priorities for the Ocean Decade. Each Challenge is expected to contribute to the achievement of one or more of the Ocean Decade Outcomes. Annex A gives a summary of the outcome of the literature search for each of the Ocean Decade Challenges (ODCs) and in each sub-region. The first part is on what was seen as the problems with respect to the Challenges. Although coming from different sources, there are similarities in the issues highlighted. The similarities imply that some interventions are relevant across the entire African continent, but there are others that are specific to each sub-region. The issues highlighted in the annex give credence to items that came up at the Nairobi Consultation.
A number of interesting ideas to address the challenges have been captured in the second part of the table which is on what came across as ideas to address the challenges. As expected, collaboration for the implementation of several proposed actions is evident in the table.

[bookmark: _Toc89020567]7.2 Information obtained from the IOCAFRICA Focal Points
The number of responses received from the IOC national Focal Points was not enough to enable any quantitative analysis of the same. However, some useful information on priority areas, relevant recent and/or ongoing activities as well as planned/proposed activities was obtained from the returned IOCAFRICA questionnaire; these are summarized in Annex B. Many of the items picked were similar to those obtained from the literature search. 
	
	


[bookmark: _Toc89020568]7.3 Results obtained from the questionnaire administered through the Delphi method
Responses were received from governmental, intergovernmental and non-governmental entities and agencies, international organizations, research institutes, regional fisheries bodies, internationally-funded funded project outfits, a higher institution of learning and a funding agency. The respondents were asked to prioritize the issues/components under each Ocean Decade Challenge (ODC) based on some suggested criteria, namely; Science/Knowledge, Capacity Development, Partnership to support science and capacity development, Degree of technological innovation, and Resource mobilization. They were also to provide information on current activities that their institutions were involved in, in relation to the Ocean Decade Challenge and also to provide some information on future activities. 
Unfortunately, only 24 responses were received and these were unevenly distributed among the three sub-regions under consideration. Figure 2 shows the overall weighted average of scores given to each ODC, and giving us some indication of the comparative level of importance of the ODCs for Africa. ODC 10 (identify and overcome barriers to the behaviour change in humanity’s relationship with the ocean), ODC 4 (equitable and sustainable ocean economy), and ODC 5 (understanding of ocean-climate nexus), were given the highest priority in that order.  ODC 2 (effects of multiple stressors on ocean ecosystems, solutions to protect, monitor, manage and restore ecosystems and their biodiversity) and ODC 9 (comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science) were accorded the lowest priority. 


Figure 2: Prioritization of the ten Ocean Decade Challenges obtained from the results of the Delphi enquiry

On identification of key needs and actions for the ODCs, the resultant order is depicted in Figure 3. The figure shows that looking at the totality of the 10 ODCs, capacity development came out as the most important key need followed by partnerships to science and capacity development. The other three (Science/Knowledge, Resource mobilization, and Degree of technological innovation) follow in that order. 


Figure 3: Scoring of Key Needs for addressing the Ocean Decade Challenges (all ODCs combined)

The main components under each ODC were also scored for prioritization; the results are shown in Annex C. This is an indication of the importance attached to each of the components. For example, for ODC1, eutrophication was the placed behind marine litter and microplastics, oil spills/chemicals and identification of potential hotspots that are particularly exposed to the impacts of several stressors. For each of the key needs, namely; capacity development, partnership to support science and capacity development, science/knowledge, resource mobilization, and degree of technological innovation, the scores under each ODC are shown in Annex D.
Annex E gives the responses compiled from the open questions in the questionnaire sent out via the surveymonkey. For each Ocean Decade Challenge, the responses include proposals for action, relevant ongoing activities and planned or proposed activities. It is to be noted that these responses are for organizations and not individuals and have not been grouped by sub-region.

.

[bookmark: _Toc89020569]8. KEY GAPS AND THE REQUIREMENTS TO FILL THEM 
Annex F gives a summary of the identified gaps in each sub-region for each Ocean Decade Challenge, and the proposed actions to help fill the gaps. This is based on the literature search and critical examination of the report of the Nairobi consultation.  
From the actions picked up from the sub-regional reports, a matrix analysis involving the use of the weighted scores obtained from the responses to the questionnaire, three actions were selected for each Ocean Decade Challenge; these are presented in Table 2. The table shows the actions for each of the three sub-regions under consideration, namely; Red and Mediterranean Seas, Eastern Atlantic Ocean and Western Indian Ocean. Annex G gives the results of the matrix analysis upon which the selection was done for each sub-region. The sub-regional reports also offer additional information for the chosen actions.
A number of the ongoing activities indicated in Annex E could potentially offer the baselines and the requirements to fill the identified gaps.  The objective of undertaking actions to address the challenges is to fill the identified gaps that would enable a move from the ocean we have to the ocean we want. In the sub-regional gap analysis reports are indications of actions to be undertaken in the short term (1 – 5 years) and longer term (5 years and above). 

[bookmark: _Toc89020570]Table 2: Prioritised actions for each Ocean Decade Challenge and for each of the three sub-regions 
[bookmark: _Toc89020571]A. Red Sea and Mediterranean Sea

	Ocean Decade Challenge
	Prioritised Actions

	1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	1. Optimize and reinforce capacity-building and technical assistance on monitoring for supporting SDG 14, especially related to marine litter and Microplastics along with Oil Spills and chemicals.
2. Applying innovative modelling and forecasting tools combined to in situ measurements to understand the advection, dispersion, windage (wind-driven transport), sinking, settling, beaching and re-floating of macro and microplastics with optimized parameters, as well as chemical contaminants and oil spills.
3. Tracking of marine litter from source to the sink, identify hotspots of pollutants accumulation and develop and test (bio)remediation measures in different areas/locations, including the support of standardization for by integrating data collection on plastics and other hazardous materials circularity.

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	1.  Ad-hoc formation Capacity programs on specific mitigation/adaptive strategies addressing urgent, punctual events with high socio-economic impact (ex. building up a regional near real time ‘warning’ platform’ for dangerous invasive species).
2. Promote inclusive and participatory MPA planning and management processes (local socioeconomic actors: fishermen, tourism stakeholders, etc.), define methodologies to demonstrate MPA connectivity and align them with proper ecosystem governance for a long-term political agenda.
3. The Mediterranean being the “most invaded” sea along with the Red Sea, there is urgent need to know about links between structure and function with special reference to the impact of exotic species on the functioning of the affected ecosystems.

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions.
	1. Conduct environmental and climate change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
2. Adoption and enforcement of existing legal frameworks as well as formulating relevant policies to prevent illegal exploitation of marine resources
3. Promote the development of new innovative technological solutions for harvesting including blue biotechnology

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	1. Understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Mediterranean/Red Seas basin scale and at the scale required by relevant management, observations, data collection and quality.
2. Improving modelling (coupled models, coupling physical and biological models, integrated with a focus on particular timescales
3. Develop environmental management and evaluation of environmental change scenarios for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.

	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.
	1. Capacity building for risk managers/stakeholders, development of a self-protection culture through raising societal awareness and implementation of climate change downscaling models in specific ocean basins and assessment of impacts on marine ecosystems, along with developing Partnerships & knowledge.
2. Observations for weather and climate forecasts at all scales (higher resolution observations in the upper ocean, better understanding of diurnal variability, air-sea fluxes, and atmosphere-thermocline feedbacks)
3. Extending the range of observables from space is an opportunity that should be exploited as well as the synergy between space and in situ observation and new technology should be expended to improve predictive capabilities of ecosystems state and functions.

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	1. Increase data availability in support of multi-hazard early warning systems and of modelling including baseline data, real-time dynamic data and data to improve models for tropical cyclones, hurricanes, tsunamis and all extreme events
2. Assessing and controlling progressive geological, meteorological and oceanographic processes such as erosion or burial, events in a changing climate, sea level rise, temperature variations and integrate the undersea environment as a resource.
3. Implement coordinated methods and approach to establish a network dedicated to hazard science and policy in the Mediterranean and Red Seas.

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	1. Build a global data ecosystem of existing infrastructures, which allows distributed resources to interoperate, and where users will have access to any of these resources through the interface of any component. Enhancing Capacity building and knowledge on existing metadata formats/language and fitness of use.
2. Precise efficiency indicators, clear thresholds for GES and standardized methodologies to build an efficient shared international collaboration.
3. Use the stress test approach to assess the adequacy of the present observing system at basin scale and develop a decision matrix to face the prominent and emerging societal challenges (EMODnet Checkpoint approach).

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.
	1. Enhance Capacity Building to implement an overarching process to assure good quality of scientific data (QA/QC, provenance, transparency, full metadata description and allowing reassessing and reprocessing capabilities) as well as modelling tools and parameters to achieve science excellence.
2. Promote the digitalization of maritime activities practices and innovative products combined to policy strategies (e.g. smart moorings, blue mobile games, augmented reality, scripting on smartphone, underwater trails, etc.) to develop adaptation, mitigation and citizen science services.
3. Establish a Network of existing data systems and portals preventing duplicates and providing review services as journals in order to grant credit to researchers while working on science-policy interface to improve the data policy considering the variety of data types especially the very sensitive ones.

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	1. Involve mapping of institutions (including facilities such as vessels, labs, observational platforms and other equipment), and inventory of experts (specialization, qualification, gender and age).
2. Enhance governance and capacity building for ocean science and management, synergies; informing decision-makers and stakeholders through observation and foresight.
3. Establishment of a visiting scholar/exchange programme to enable countries at different levels of development and different skill sets to share expertise and experiences, while developing scholarship and mentorship.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	1. Develop an Ocean Education for Schools, universities and Communities Programme in Africa to empower scientists with skills and tools.
2. Involve local communities in resource conservation, use of local knowledge and provide user-friendly tools for the dissemination of climate information for protection and conservation of resources and promoting ecosystem value services.
3. Organise advocacy visits/meetings and Ocean days for Africa to policy makers particularly, the States Ministries of Environment to introduce and enforce ocean pollution prevention and reduction policy frameworks and promote government participation in the project




[bookmark: _Toc89020572]B. Eastern Atlantic Ocean
	1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	1. Assess and develop recycling technologies of micro-plastics/mega-plastics
2. Assess the contributions of atmosphere-land-sea and anthropogenic pressures leading to changes in marine and coastal ecosystems, specific emerging risks and impact on ecosystems and human health and well-being.
3. Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	1. Identify the origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.
2. Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
3. Establish effective governance, policy framework and mobilization, including the kind of new governance structures that will need to be adopted nationally, regionally

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions.
	1. Fill the gaps in the understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.
2 Develop environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats.
3. Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	1. Develop and Implementation of management plans for the sustainable exploitation of coastal and deep-sea biotic and abiotic resources, including gas hydrates, minerals and molecules of industrial interest
2. Understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Mediterranean/Red Seas basin scale and at the scale required by relevant management, observations, data collection and quality
3. Improving modelling (coupled models, coupling physical and biological models, integrated with a focus on particular timescales

	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.
	1. Improve regional and national climate forecasts on different time scales to ensure anticipation of hazards and minimize their impacts; raise awareness among sectoral decision-makers of the impact of climate variability in order to take better action and make the contribution of climate information more concrete.
2. Conduct a comprehensive assessment of climate-related risks, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
3. Capacity building for risk managers/stakeholders, development of a self-protection culture through raising societal awareness and implementation of climate change downscaling models in specific ocean basins and assessment of impacts on marine ecosystems, along with developing Partnerships & knowledge 

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	1. Assess the risk of climate change on the ecosystem and human environment in the coastal zone and deep sea by developing climate risk monitoring programs and services
2. Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic and other processes
3. Increase data availability in support of multi-hazard early warning systems and of modelling including baseline data, real-time dynamic data and data to improve models for tropical cyclones, hurricanes, and all extreme events

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	1. Develop means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
2. Build a global data ecosystem of existing infrastructures, which allows distributed resources to interoperate, and where users will have access to any of these resources through the interface of any component. Enhancing Capacity building and knowledge on existing metadata formats/language and fitness of use.
3. Develop environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.
	1. Adopt a coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
2. Promote the digitalization of maritime activities practices and innovative products combined to policy strategies (e.g. smart moorings, blue mobile games, augmented reality, scripting on smartphone, underwater trails, etc.) to develop adaptation, mitigation and citizen science services.
3. Establish a Network of existing data systems and portals preventing duplicates and providing review services as journals in order to grant credit to researchers while working on science-policy interface to improve the data policy considering the variety of data types especially the very sensitive ones

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	1. Promote societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
2. Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
3. Establishment of a visiting scholar/exchange programme to enable countries at different levels of development and different skill sets to share expertise and experiences, while developing scholarship and mentorship.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognized and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	1. Develop, improve, and provide user-friendly tools for the dissemination of climate information related to the ocean, coastal, and oceanic areas
2. Involve local communities in resource conservation, use of local knowledge and provide user-friendly tools for the dissemination of climate information for protection and conservation of resources and promoting ecosystem value services.
3. Organize advocacy visits/meetings and  regional ocean  days  to policy makers particularly, the States Ministries of Environment to introduce and enforce ocean pollution prevention and reduction policy frameworks and promote government participation in ocean decade activities




[bookmark: _Toc89020573]C. Western Indian Ocean
	1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	1. More data on chemical pollution is needed to drive more studies to generate scientific knowledge to derive informative conclusions about chemical pollution.
2. Conduct assessments on the efficacy of the current litter monitoring methods used to assess the sources (sinks) of litter.  
3. Implement and enforce national and international legislative frameworks, to regulate littering.   

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	1. Reinforce transboundary Ecosystem monitoring, and restoration programmes, and harmonize regional policies that facilitates management of the resources.
2. Strengthen the science to policy interface, and promote dialogue between scientists and managers or relevant stakeholders.

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions.
	1. Monitoring, information dissemination and awareness of vulnerabilities to climate change currently in place in WIO should be strengthened through community-level vulnerability assessments, integrated monitoring programmes that are effective and feasible with existing capacities, complemented by implementation of an ecosystem approach to fisheries.
2. Strengthen regional capacity on stock assessments.
3. Governments should disaggregate fisheries data and redefine measurements of food security more accurately to reveal the severity of the potential marine food insecurity in WIO.  

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	1. Engagement with regional relevant stakeholders for an integrated and standardized methods of assessment and transboundary management of ecosystems and the associated resources.
2. Promote regional approaches for capacity and infrastructural development.

	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.
	1. Develop modelling of extreme events and their impacts for coastal zone management. 
2. Establish baseline assessments for Biological, Chemical, and Geophysical parameters to inform ocean management.

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	1. To mitigate the impact of these catastrophic events an integrated approach on development of multi-early warning systems need to be implemented.
2. Training on methodology of effective research in marine technology, and capacity building on Early Warning system.

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	1. Promote sharing of equipment, methodologies, knowledge for baseline monitoring to make it standardized (e.g. Nairobi Convention and IOC/GOOS OBPS e.g. for understanding ocean acidification).
2. Look at previous LME programs (BCLME, ASCLME and GLME) that were very successful in enhancing regional capacity and observations, to replicate what they did/do right, what are their legacies.

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.
	1. Promote Mapping and identification of high risk vulnerable areas. 
2. Develop and implement Effective data dissemination portals  

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	1. Foster cooperation through capacity development and transfer of marine technology.
2. Promote training in data collection, analysis, curation and dissemination.
3. Ensuring equitable participation of African marine scientists in IOC programmes and other global ocean research and observation programmes.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	1. Promote ocean literacy tailored for the various demographics of the region - Awareness raising and knowledge sharing at national/regional and global level. 
2. Implement and Promote Ocean community  accountability, responsibility and legal frameworks  




[bookmark: _Toc89020574]9. PERSPECTIVE
This gap analysis exercise has brought to fore, knowledge gaps with respect to ocean science, which unless resolved, will militate against the achievement of the Ocean Decade Outcomes in the sub-regions of Africa and the continent as a whole. It has also brought to fore actions to undertake to fill the identified gaps so that the region will contribute effectively to the effort towards achievement of the Ocean Decade objectives in support of the relevant UN sustainable development goals. The selected actions underscore the importance of indigenous knowledge and the need to consider social science in the pursuit towards the ocean we want. 
In the responses to the questionnaire, partnerships to support science and capacity development was highly rated and considered to provide solid basis for the implementation of regional activities and programs under the Ocean Decade actions.  The need to strengthen and empower existing networks rather than focusing on building new networks was highlighted. In areas where political tensions exist, e.g. in the Red Sea, regional cooperation on research and management would be greatly facilitated by the involvement of a neutral organization.
Engagement across a variety of disciplines will be crucial to foster collaboration in all Ocean Decade actions in Africa. For the Mediterranean & Red Seas in particular, it has been indicated that it will be important to reach out to the art and culture sectors that are central in the societies. These approaches will help ensure the Decade’s messages are shared and the communication is transparent and inclusive. 

[bookmark: _Toc89020575]9.1 What does Africa need to be on the right track?
One of the recommendations from the Second Consultative Meeting on the Development of African Strategy for Ocean Governance, held in October 2020, is that scientists and researchers should play a role in ocean governance. Ocean governance underlies the concept of Sustainable Ocean Economy, which is one of the desirable outcomes for the UN Sustainable Development Goal 14. Innovative and improved ocean governance requires essential data and information obtainable only from oceanographic and other ocean-related research. At the said meeting, it was also proposed that each state should designate a national science and research institute for the blue economy and ocean governance to undertake research and gather and analyse data to inform policy dialogues, formulation, and implementation. It was recommended that the African ocean governance strategy should include articles on the collection, aggregation and use of Africa's data on the oceans. 
It is important to note that oceanographic and other ocean-related research is critical for informing effective ocean governance (Koranteng and Everett, 2021). Almost every maritime country in Africa has national institutes that carry out ocean science research in national waters, covering all aspects of ocean science. Technological advancement and capabilities of the national institutes and and related data centres vary among countries. These centres face several challenges, including a lack of financial resources and adequate human capacity. Given the UN Decade of Ocean Science for Sustainable Development, it would be necessary to revitalise oceanographic data centres in most of the countries to ensure effective management and sharing of the data we need for the ocean we want. While infrastructure is a challenge in most countries, improvements can be made to the centres but not necessarily to the same level. Each centre needs to move to a level where it can provide a service to its data user community rather than attain a level beyond its needs and means. Regional standards should be developed for data collection, storage and archiving to enable more fluid data exchange and use. Establishing a regional metadatabase and portal like the Nairobi Convention Clearing House Mechanism (NCCHM) will greatly aid data sharing in Africa.
Long-term monitoring of natural resources is vitally important for understanding the complex ecological processes that enable ecosystems to function (Likens, 1989, Strayer et al., 1986). For scientists and managers to effectively determine reference points and baselines against which changes in the ecosystem can be measured, how the systems respond to management interventions, and the external influences such as climate variability and change, adequate and suitable data on essential ocean variables is indispensable (Likens, 1989).
One of the key aspects to move forward in Africa, is the fact of establishing trust between organisations and institutions for data sharing, which is of utmost importance for practitioners should be easily accessible and digestible, also in terms of data visualisation. Some of the needs are standardized long-term data on key performance indicators relevant to the status of marine resources. Additionally, the data should be easily understandable for management purposes. While some great efforts are being made in creating legal and binding frameworks to share data more openly, e.g. on a regional level through institutions such as IOC/UNESCO, the Nairobi Convention Clearing House Mechanism, a strengthening of open access in legal frameworks and setting common standards on data management would simplify an open exchange of information. 

[bookmark: _Toc89020576]9.2 Assessment of the enabling environment in terms of capacity needs and resource and partnership needs
Institutional funding for ocean science will need to be increased in order to meet the demand in both technology and skilled manpower. The implementation of programmes in ocean science in most countries in Africa is frequently hampered by limitation of resources and lack of institutional and human capacity. Many governments have to balance between funding for ocean science and research and other competing needs from equally deserving sectors such as health, education, and food. Innovative resource mobilization mechanisms and partnerships are therefore important for funding ocean science and research. In Africa, ocean science is mainly undertaken by government institutions, universities, NGOs and consultancy firms. National funding sources include governments, national research institutions, foreign sources include development cooperation agencies such as IRD, DFID, JICA, USAID, GIZ, GRID Arendal, international NGOs such as IUCN, Birdlife, projects such as West Africa Biodiversity and Climate Change Programme (WABICC), and multilateral organizations (e.g. GEF, World Bank, African Development Bank).
It is obvious that ocean research in Africa, the Eastern Atlantic in particular, should be strengthened through stronger integration of science, greater investment in ocean observing systems and improved science –policy interface. Financial partners looking to support ocean development and marine and coastal research in Africa should consider the investment in the following initiatives and disciplines:
· Long term multi-countries initiatives;
· Solution-based initiatives aimed at improving public and private decision making and also delivery of economic benefits;
· Research chairs and centres of excellence to create sustainable research performing units;
· Doctoral programmes and training to build and expand the future generation of scientists and academics in Ocean science;
· Training of technical staff;
· Promotion of young scientists as a powerful resource and sustainable development.

There was an attempt to look at the key capacity building needs that will enable many African coastal countries to fully participate in the Ocean Decade. How to ensure that future capacity development actions result in sustainable and real benefits for ocean science and national scientists. Priorities identified are as follow:
· Identification of the major clients of capacity development and how their requirements can be addressed; 
· Support senior scientists that move to administrative work to continue to maintain their laboratories and to train and mentor young scientists;
· A platform should be developed to facilitate the sharing of infrastructure and optimizing their use; 
· Facilitate dissemination and use of locally developed technology and tools;
· Establishment of state-of-the-art regional research facilities.
·  Research and academic institutions need to have robust strategies that can be supported by regional and international organizations;
· There is need to focus on the young and emerging scientists through robust mentorship programmes;
· Assessment of the current status of capacity in the region is required. This will involve mapping of institutions (including facilities such as vessels, laboratories, observation platforms and other equipment), and inventory of experts (specialization, qualification, gender and age);
· Importance of national funding to ocean research and capacity development to ensure that these are sustained and address national priorities, reaping long term benefits for the countries. This funding should also be sourced from private sector.
· Establishment of a visiting scholar/exchange programme to enable countries at different levels of development and different skill sets to share expertise and experiences;
· Development of scholarship and mentorship programmes, targeting Early Career Scientists;
· Improving the quality and quantity of research outputs. Scientists and institutions should think beyond producing publications to transforming lives through innovation and robust application of our science. They should be able to demonstrate that the research results have been applied and impacted on the society.

Several of the above items are in tune with suggestions made at the Nairobi consultation where the Panel 3 was on capacity development and transfer of marine technology. The focus of the discussions in that panel, was on “the key capacity building needs that will allow Africa to participate fully in the Decade, and in particular how to ensure that future capacity development actions in Africa result in sustainable and real benefits for ocean science and for African scientists” (UNESCO-IOC, 2020). The priority areas identified included funding for ocean research and capacity development, establishment of exchange programmes, development of platforms to facilitate sharing of infrastructure, establishment of regional centres of excellence, and need to support young and emerging scientists through mentoring programmes.  

9.3 Governance structure for Ocean Decade implementation in Africa
Implementation of the Ocean Decade actions in Africa would require cross-border, multi-level and inter-sectoral governance approaches for the protection of the oceans and their sustainable use. This will require coordination and collaboration efforts between participating institutions at the national, regional and global levels. It is necessary to set up a governance structure that will ensure proper regulation and guidance of initiatives. 
For this purpose, it is proposed that the Africa Ocean Decade Implementation Steering Committee be established under the guidance of the IOCAFRICA Secretariat in Nairobi. The members of the Steering Committee would be drawn from national ocean-related research and academic institutions, UN Bodies (e.g. UNDP, FAO, UNEP), African Union Commission, African Development Bank, Regional Economic Communities (e.g. ECOWAS, SADC, EAC), Regional Fisheries Bodies, Regional Seas Programmes, NGOs with interest in maritime issues and private sector, including individuals with valuable expertise and competence is ocean science. There should also be a Steering Committee for each of the three sub-regions, with membership based on the suggestion above. In addition, the Chair and Vice Chair of the sub-regional committee will be members of the Africa Steering Committee. 
The terms of reference of the Steering Committee will include sending out formal Call for Decade Actions specifically for Africa, evaluating the proposals received, and harmonising actions to ensure optimal coverage of the prioritised actions. A dashboard that will help track the projects in progress, recording and management of voluntary commitments, funding, etc., must be set up and launched as soon as possible. It will also include information about relevant capacity development opportunities, academic training and (e.g. in universities and other training institutions, and record of requests for the same. It will also keep records of implementation experiences about projects under execution or outcome of completed projects funded from Ocean Decade resources.  These will ensure synergies in actions, harmonisation of the ocean science we need for the ocean we want and a clear route towards the Ocean Decade outcomes in Africa.

[bookmark: _Toc89020577]10. CONCLUSION AND NEXT STEPS FOR AFRICA AND THE OCEAN DECADE 
The UN Decade of Ocean Science for Sustainable Development (2021-2030) offers the opportunity to help generate oceanographic solutions to societal problems and challenges for sustainable development. This gap analysis exercise has provided some guidance on the actions to be prioritized for the implementation of the Ocean Decade in Africa.  It is clear from the results that during the first few years (2021-2025), effort should be made to focus actions on capacity development – institutional, human and technical. 
The realization of regional projects with high societal impact is of utmost importance. It is obvious that that the occurrence of extreme natural events like tsunamis and coral reef mortalities and the consequences of other climate change impacts very easily catches the eyes of political leaders hence making soliciting of institutional and financial support from such sources much easier. Thus, tackling issues like marine pollution, unsustainable exploitation of resources and establishment of early warning systems can facilitate support of governments and funding agencies and provide ideas for start-up actions under the Ocean Decade.
The analyses undertaken in this work could be continued to held identify long-term programmes to move Africa faster and more focused towards the Ocean Decade outcomes. Hopefully, it will soon be feasible for the proposed Africa Ocean Decade Steering Committee (and sub-regional ones) to hold face-to-face meetings that will ensure also involve early career ocean science professionals. This will also strengthen or facilitate science-policy/management initiatives in ocean science in Africa.

[bookmark: _Toc89020578]REFERENCES 
African Union Commission (AUC), 2012. 2050 Africa’s Integrated Maritime Strategy. https://au.int/sites/default/files/documents/30929-doc-2050_aim_strategy_eng_0.pdf
Brown, B.B.,1968. DEPHI PROCESS: A methodology used for the elicitation of opinions of experts. The RAND Corporation, Santa Monica, California. 
Dubinsky and Stambler, 2011. Z. Dubinsky, N. Stambler (Eds.), 2011. Coral Reefs: An Ecosystem in Transition, Springer Science, Heidelberg, London, New York p. 552
Everett, B., 2017. Study area, vessels and surveys. In Groeneveld, J.C. & Koranteng, K.A. (Eds): The RV Dr Fridtjof Nansen in the Western Indian Ocean: Voyages of marine research and capacity development. FAO, Rome, Italy.
GESAMP, 2019. Guidelines or the monitoring and assessment of plastic litter and microplastics in the ocean (Kershaw P.J., Turra A. and Galgani F. editors), (IMO/FAO/UNESCO-IOC/UNIDO/WMO/IAEA/UN/UNEP/UNDP/ISA Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection). Rep. Stud. GESAMP No. 99, 130p.
Givan, O., Edelist, D., Sonin, O., Belmaker J., 2018. Thermal affinity as the dominant factor changing Mediterranean fish abundances. Global Change Biology. 24 (1)
Golani D., Azzurro E., Dulcić J., Massuti E., Orsi-Relini L., 2021. Atlas of Exotic Fishes in the Mediterranean Sea. 2nd Edition [F. Briand, ed.]. 365 pages. CIESM Publishers, Paris, Monaco.
Groeneveld, J.C., 2015. Capture Fisheries. In The Regional State of the Coast Report: Western Indian Ocean. UNEP and WIOMSA, Nairobi, Kenya, 546 pp.
Odido, M., 2021. Africa and the UN Decade of Ocean Science for Sustainable Development – PPT presentation. 
IOC-UNESCO, 2020. Global Ocean Science Report 2020–Charting Capacity for Ocean Sustainability. K. Isensee (ed.), Paris, UNESCO Publishing. 
Kane, A., 2014. Consultation nationale du Sénégal dans le cadre de l’étude sur l’évaluation des activités terrestres pouvant constituer des sources de pollution marine et côtière dans la zone du CCLME, 51 p.
Kane, I. A., Michael A. Clare, Elda Miramontes, Roy Wogelius, James J. Rothwell, Pierre Garreau, Florian Pohl, 2020. Seafloor microplastic hotspots controlled by deep-sea circulation, Science 368, 1140–1145
Kleinhaus, Karine, Ali Al-Sawalmih, Daniel J. Barshis, Amatzia Genin, Lola N. Grace, Ove Hoegh-Guldberg, Yossi Loya, Anders Meibom, Eslam O. Osman, Jean-Daniel Ruch, Yonathan Shaked, Christian R. Voolstra, Assaf Zvuloni and Maoz Fine, 2020. Science, Diplomacy, and the Red Sea’s Unique Coral Reef: It’s Time for Action. School of Marine and Atmospheric Sciences, Stony Brook University, Stony Brook, NY, United States. Front. Mar. Sci., 26 February 2020. Https://doi.org/10.3389/fmars.2020.00090
Koranteng, K.A. and Everett, B., 2021. Overview of oceanographic data and research for improved ocean governance in the Western Indian Ocean Region
Lam D.P.M., Hinz E., Lang D.J., Tengö M., Von Wehrden H., Martín-López B., 2020. Indigenous and local knowledge in sustainability transformations research: a literature review. Ecology and Society, 25 (1): 3.
NOAA, 2021. What is the biggest source of pollution in the ocean? National Ocean Service website, https://oceanservice.noaa.gov/facts/oceanpollution.html, accessed on 20/10/21.
Polidoro, Beth A., Gina M. Ralph, Kyle Strongin, Michael Harvey, Kent E. Carpenter, Rachel Arnold, Jack R. Buchanan, Khairdine Mohamed Abdallahi Camara, Bruce B. Collette, Mia T. Comeros-Raynal, Godefroy De Bruyne, Ofer Gon, Antony S. Harold, Heather Harwell, Percival A. Hulley, Tomio Iwamoto, Steen W. Knudsen, Jean de Dieu Lewembe, Christi Linardich, Kenyon C. Lindeman, Vanda Monteiro, Thomas Munroe, Francis K.E. Nunoo, Caroline M. Pollock, Stuart Poss, Barry Russell, Catherine Sayer, Aboubacar Sidibe, William Smith-Vaniz, Emilie Stump, Mor Sylla, Luis Tito De Morais, Jean-Christophe Vié, Akanbi Williams, 2017. The status of marine biodiversity in the Eastern Central Atlantic (West and Central Africa). Aquatic Conservation, Marine and Freshwater Ecosystems. Volume 27, Issue 5.
Price A.R.G. and A. Harris, 2009. Decadal changes (1996–2006) in coastal ecosystems of the Chagos archipelago determined from rapid assessment. Aquat. Conserv.: Mar. Freshwater Ecosyst., 19, pp. 637-644
Randone, M., Di Carlo, G. & Costantini, M., 2017. Reviving the Economy of the Mediterranean Sea: Actions for a Sustainable Future. WWF Mediterranean Marine Initiative, Rome, Italy.
Roberts, C.M. Roberts, C.J. Mcclean, J.E.N. Veron, J.P. Hawkins, G.R. Allen, D.E. mcallister, C.G. Mittermeier, F.W. Schueler, M. Spalding, F. Wells, C. Vynne, T.B. Werner, 2002. Marine biodiversity hotspots and conservation priorities for tropical reefs Science, 295, pp. 1280-1284
Schroeder K., Millot C., Bengara L., Ben Ismail S., Bensi M., Borghini M., Budillon G., Cardin V., Coppola L., Curtil C., Drago A., El Moumni B., Font J., Fuda J.L., García-Lafuente J., Gasparini G.P., Kontoyiannis H., Lefevre D., Puig P., Raimbault P., Rougier G., Salat J., Sammari C., Sánchez Garrido J.C., Sanchez-Roman A., Sparnocchia S., Tamburini C., Taupier-Letage I., Theocharis A., Vargas-Yáñez M., Vetrano A., 2013. Long-term monitoring programme of the hydrological variability in the Mediterranean Sea: a first overview of the HYDROCHANGES network. Ocean Science 9: 301-324.
Schroeder K., Chiggiato J., Bryden H.L., Borghini M., Ben Ismail S., 2016. Abrupt climate shift in the Western Mediterranean Sea. Sci. Rep. 6, 23009
Schroeder K., Chiggiato J., Josey s. A., Borghini M., Aracri S., Sparnocchia S., 2017. Rapid response to climate change in a marginal sea. Sci. Rep. 7, 4065
Sheppard, C.R.C., 2000. The Red Sea. C.R.C. Sheppard (Ed.), Seas at the Millennium, Elsevier Science Ltd. (2000), pp. 35-45 (Chapter 55)
Sheppard C.R.C. A.R.G. Price, C.M. Roberts, 1992. Marine Ecology of the Arabian Region: Patterns and Processes in Extreme Tropical Environments. Academic Press, London p. 359
Swanepoel, E., 2020. Oil spills in the Western Indian Ocean – National contingency plans fall short. Institute for Security Studies, Africa Report 31. 
Tamele, I. Jose and Patricia Vazquez Loureiro, 2020. Lead, Mercury and Cadmium in Fish and Shellfish from the Indian Ocean and Red Sea (African Countries): Public Health Challenges. Journal of Marine Science and Engineering, Vol. 8, Issue 5.
Ukwe, C.N., Isebor, C.E., and Alo, B.I., 2001. Improving the Quality of Coastal Waters in the Gulf of Guinea Large Marine Ecosystem through mangrove restoration. Proc. 12th International Coastal Zone Conference, Cleveland, Ohio, NOAA/CSC/20120-CD
UNEP-Nairobi Convention and WIOMSA, 2015. The Regional State of the Coast Report: Western Indian Ocean. UNEP and WIOMSA, Nairobi, Kenya, 546 pp.
UNESCO-IOC, 2020. Regional Consultation for Africa and the Adjacent Island States, Nairobi, Kenya, 27–29 January 2020.The Decade Series, No. 9. Paris, UNESCO.
UNESCO-IOC, 2021. The United Nations Decade of Ocean Science for Sustainable Development (2021 – 2030) Implementation Plan. UNESCO, Paris (IOC Ocean Decade Series, 20). 
Van Sebille, Erik, Stefano Aliani, Kara Lavender Law, Nikolai Maximenko, José M Alsina, Andrei Bagaev, Melanie Bergmann, Bertrand Chapron, Irina Chubarenko, Andrés Cózar, Philippe Delandmeter, Matthias Egger, Baylor Fox-Kemper, Shungudzemwoyo P Garaba, Lonneke Goddijn-Murphy, Britta Denise Hardesty, Matthew J Hoffman, Atsuhiko Isobe, Cleo E Jongedijk, Mikael L A Kaandorp, Liliya Khatmullina, Albert A Koelmans, Tobias Kukulka, Charlotte Laufkötter, Laurent Lebreton, Delphine Lobelle, Christophe Maes, Victor Martinez-Vicente, Miguel Angel Morales Maqueda, Marie Poulain-Zarcos, Ernesto Rodríguez, Peter G Ryan, Alan L Shanks, Won Joon Shim, Giuseppe Suaria, Martin Thiel, Ton S van den Bremer and David Wichmann, 2020. The physical oceanography of the transport of floating marine debris. Environ. Res. Letters 15, 023003.
Zakai, N.E. Chadwick-Furman, 2002.  Impacts of intensive recreational diving on reef corals at Eilat, northern Red Sea. Biol. Conserv., 105 pp. 179-187.
S
[bookmark: _Toc89020579]Annex A: Summary of the outcome of the literature search for each of the Ocean Decade Challenges (ODCs) 
[bookmark: _Toc89020580]A. What was seen as the problems with respect to the Challenges
	ODC 1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them

	Eastern Atlantic Ocean
	Red & Mediterranean Seas
	Western Indian Ocean

	· Marine litter and micro-plastics/mega-plastics
· Increase in carbon dioxide and the related repercussions of ocean acidification and warming as well as flooding
· Chemical pollution, including persistent organic pollutants (POPs) and oil pollution.
· Nutrient enrichment and related effects of eutrophication, harmful algal blooms, and invasive species such as Sargassum.
· Transfer of species, including pathogenic species and diseases, attributable to shipping and fishing activities as well as to multiple related vectors
· Understanding the life cycle of pollutants from source to sink
· Understanding and using knowledge about what constitutes a healthy and resilient marine environment.
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors Origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.

	·  The increase in plastic use, lack of recycling, unsustainable consumption patterns, inadequate waste management, etc.
· Identified scientific and knowledge gaps included the ecosystem and human health impacts of pollutants; understanding of the life cycle of pollutants from source to sink; improved tools to understand the quantities and distribution of pollutants in the ocean; research on pathways of pollutants between coastal areas and the deep ocean; and research on the potential recycling of collected pollutants (e.g. oil and plastics).
· The European Member States are more advantaged and better structured than those on the southern Mediterranean shore. It is therefore imperative that the countries of the southern shore join this dynamic and propose structured projects over the long-term perspectives.
· A major gap in regional assessments plans of marine litter, eutrophication and chemical contaminants in the Mediterranean and lack in harmonizing the methodology based on common standards. 
· A lack in governance for ocean science and capacity development, shared knowledge and technologies.
· A need to up-scale clean ocean regional initiatives.
· A gap in the institutional capacity of Research Centres and labs in Africa on marine pollution.
· A need to develop capacity of coastal and deep-sea researchers to better understand the human impact. 
	· There is no knowledge about the exact quantities of pollutants entering into the oceans. The amounts presented in many cases are under-estimated by far.
•    Hotspots of microplastics are unknown.
· Many conclusions about chemical pollution are simply grounded on baseline studies. 
· There is a Lack of implementation of legislative policies.
· Chemical pollution is not a matter of concern at this stage in the WIO region. However more recent studies have revealed contaminants in fish beyond accepted levels.
· To-date, the risks of oil spills and other hazardous pollution substances in the WIO region is high. Despite decades of policy work, countries party to the Nairobi Convention still have different capabilities in responding to marine pollution incidents, including equipment and personnel. 
· Even more perturbing is the fact that significant policy work has already been conducted in the Western Indian Ocean region to collectively prepare and respond efficiently to oil spills and other hazardous, pollution incidents, but the draft of the regional contingency plan has not been adopted yet, in spite of being a crucial issue

	OCD 2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate

	· Understanding and using knowledge about what constitutes a healthy and resilient marine environment.
· Understanding and managing the linkages between ecosystem services and the people that are highly dependent of them.
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Understanding the structure and functioning of the ocean
· Knowledge on ecosystem changes associated with the exploitation of oceanic biological resources
· Understanding of an environment with many stressors or users (e.g. Climate change and invasive species) which have unknown cumulative effects on ecosystem function
· Consistent data and information on temperature variations and their impact on physical and biological ecosystems.
	· A need to work on a high number of diversified ecosystems at an accessible spatial scale.
· ‘Socio-ecological systems’ building innovative management strategies are lacking.
· It is required to build on for future modelling exercises to improve spatial resolution.
· Marine Protected Areas (MPAs) represent a considerable lack of application of the texts as well as effective management and monitoring of the declared areas. 
· The lack of funding, the restriction to shallow coastal areas and the weak integration of MPAs into a broader social and economic context are other aspects that should be taken into account.

	• The biodiversity of western Indian Ocean is rich, being high in species and ecosystems. However, because of being surrounded by developing countries, the local communities rely entirely on coastal and marine resources and ecosystems services, adding enormous pressure on the resources.
• Unsustainable exploitation of resources is common place and is increasing in face of increasing population. 
•The WIO region lacks a comprehensive open ocean science programme, developed and implemented through national agencies/partners
•Research on species diversity and taxonomy is lacking
•Understanding of ecosystem resilience and biodiversity patterns is lacking.





	ODC3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions

	· Understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.

	· Un-sustainable exploitation of resources, climate variability and effects on marine ecosystems, ineffective governance, and anthropogenic impacts on marine ecosystems.
· Key knowledge gaps include reliable fish catch and effort data collection, regular stock assessments.
· A lack in understanding of fishing techniques and technologies needed for sustainable exploitation of marine resources. 
· Mapping of marine and coastal ecosystem (e.g. for MPAs), and information on the nature and extent of IUU fishing both in the EEZ and the high-seas and ABNJ are also lacking.
· A large majority of the recommendations for the management and development of fisheries taken by the GFCM and the Mediterranean countries remain, quite often, not applicable and this for many reasons linked in particular to the economic and social difficulties of most countries bordering the Mediterranean. 
	•Research infrastructure and capacity and the linkages between fisheries management and applied research is currently inadequate
•Inability to enforce national and international laws, consequently IUU fishing is common in the region.
•Open access fisheries: underreporting of fisheries (estimates of the stock status is missing).
•No prioritization of studies to provide solutions to recent or long-standing management issues.
• Fish landing statistics in the region suggests that the figures are under-represented. 
• Countries such as Comoros, Mauritius, Mozambique and Somalia are most vulnerable to increasing SST, population growth, and fluctuations in total catch. 
•Increasing use of degrading fishing methods such as use of dynamites; use of drag and mosquito nets; unplanned development; changes in land use and freshwater systems erode the biological systems.
•Lack of capacity and know-how.

	ODC 4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions

	· Environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Implementation of management plans for the sustainable exploitation of coastal and deep-sea biotic and abiotic resources, including gas hydrates, minerals and molecules of industrial interest.
	· The role of relevant partnerships, public-private alliances and university networks shall be recognized as engine of this process, providing the competent work force in a fast-changing environment.
· A shortcoming in research on coral reefs and marine biology in the Red Sea. There has been less cooperation over the past decade as regional political tension has grown.
· A considerable lack in sharing capacity, developing entrepreneurship in sustainable ocean economy sectors.
· A need to up-scale capacity building and marine technology transfer across the Basin while creating synergies is a crucial opportunity in this Decade. 
· Functional governance frameworks and more openness to innovation and mobility are the needed enablers. 
	· Need to conduct surveys of the deep-sea environment to explore alternative fishing grounds.
· Lack of knowledge about the deep-sea fisheries. 
· Limited political will to effect change
· Lack of implementation of management plans. In some cases, even already developed plans.
· The impact of climate change (on ocean warming, changes on pH, sea-level) on the capacity of the oceans to produce food is not yet fully understood

	ODC 5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean

	· Environmental decision support modelling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats
· Regional and national climate forecasts on different time scales to ensure anticipation of hazards and minimize their impacts; raise awareness among sectoral decision-makers of the impact of climate variability in order to take better action and make the contribution of climate
	· High-resolution weather and climate information is lacking.
· Trajectories of warming over the next decades and century are not projected to understand whether the proposed MPAs would be located in warming refugia.
· A shortcoming in upgrading maps of coral resilience to thermal stress mapping the drivers and patterns of coral bleaching over time.
· The socio-economic environment was not taken into consideration.
	  •There is a need for development of modelling of extreme events and their impacts on coastal zone    management.
· Ocean modelling expertise and resources, both in terms of human capacity and infrastructure, and strategies being employed in the region are highly variable across the WIO region. The capacity available in ocean modelling is weak.  
•There is a need for downscaling of global ocean models to simulate regional scale and shelf processes 

	ODC 6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience

	· Comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Assess the risk of climate change on the ecosystem and human environment in the coastal zone and deep sea by developing climate risk monitoring programs and services
· Appropriate sampling strategies: improve assessment of marine geo-hazards, based on paleo records and submarine terrain analysis and description of active faults and other features.
	· Vulnerability to flooding is amplified by human activities and the installation of coastal infrastructures.
· Another phenomenon related to the security of the Mediterranean Sea, which is the TSUNAMI.
· Several countries of the southern Med shore and the Red Sea have not joined the ambitious project: working group was set up (Tsunami Early Warning and Mitigation System in the North-eastern Atlantic, the Mediterranean and connected sea - ICG/NEAMTWS
	· The western Indian Ocean is warming at a faster rate than any other ocean basin
· Tropical cyclones are increasing in frequency, and duration, causing much damage to properties, and human life.
· Flooding also causes catastrophic impact along the coast, including erosion
· El-Nino Southern Oscillation, Indian Ocean Dipole, as well as variability of the monsoons are causing changes on rainfall patterns in the WIO region. 

	ODC 7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins

	· Environmental decision support modelling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats
· Means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
· Operational platforms and a decision matrix to address destructive tsunamis generated by different sources, e.g., seismic activity, volcanoes, landslides, atmosphere, while assessing and controlling progressive geological processes such as erosion or burial and integrate the undersea environment as a resource.
	· Lack of data and observations, research and modelling, and governance.
· The main shortcoming related to data and observations include data accessibility (ownership e.g. lack of access to oil and gas industry data), data quality, lack of standardized observing parameters, and gaps in the types of data collected.
· A gap in sustained in situ observations for several Essential Ocean Variables (EOVs), particularly biological variable and gaps in observation on Central-Eastern Mediterranean and on the Northern African coasts, should be filled.
· A shortcoming in synergy between space and in situ observation.
	· There is a great deal of lack of ocean research infrastructure in the WIO region.
· South Africa appears to be the only country in the region that has satisfactory infrastructure to conduct scientific studies that will contribute to the science we want. 
· In fact, South Africa appears as the only country in the region that financially contributes the most (5.6 % of its GERD, reference to 2017 GERD) towards oceans sciences (IOC-UNESCO, 2020). It also appears to be the only WIO country with participation on international programmes with a global scope, such as, Belmont Forum (funding of environmental change research) and the Scientific Committee on Oceanic Research (SCOR).


	OCD 8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions

	· Coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
	· A lack of multidisciplinary approaches to observation, monitoring, and modelling.
· Management, development and transfer of know-how within the contributing research community is more than necessary.
· A gap in research programmes on ocean policy agenda in order to analyse objectives, identify priorities, align teaching/research/outreach activities capable to impact on policy.
	· Lack of coding and computing skills
· Lack of research infrastructure
· Lack of technology and innovation 
· Need for training on data collection, analysis, and interpretation (including capacity building in programs and software to analyse different environmental datasets
· There is need to create a platform for data sharing, adaptation of technologies, facilities and infrastructure within Africa continent

	OCD 9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age

	· Societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
· coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
	· Challenges in data sharing related to a lack of common platforms, or incompatible metadata and data formats; a huge lack of standardized policies in relation to open access data; technical capacity and resource limitations; and lack of trust between organisations to share data.
· The challenge of capacity building is the main key to the success of any action or large-scale project in which the countries of the southern shore or the Red Sea are involved. 
· For example, several training courses were provided within the framework of the ODINAFRICA project supported by the IOC/UNESCO and even if the training courses were targeted and relevant, we do not have data that could quantify their impacts at the national level. 
	· Standardised training in data collection, storage and dissemination in order to facilitate data sharing and ease of use.
· There is need for clear guidelines on data sharing, as well as access  
· There is need for sharing knowledge on existing technology and technical competency in the region.
· There is scarcity of data to study small scale (e.g. mesoscale and submesoscale) oceanographic processes.  

	OCD 10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean

	· Tools for the dissemination of climate information related to the Eastern Atlantic Ocean, coastal, and oceanic areas.
· Societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
	· Pursue marine open data approach & boost advancement in scientific innovation.
· Understand the future links with economy and societal needs by ensuring the complete openness of scientific knowledge and supporting the formulation of environmental policy and management plans. 
· A shortcoming in "Mediterranean & Red Seas Sea literacy" and participatory research.
	· Lack of effective communication between Science and Policy. There is a need for Improved ocean literacy and better communication.
· Limited funding available to promote outreach programs to educate the public on issues of sustainability and conservation.  
· There is a need to empower local/regional scientists with skills and tools to enable them to analyse and interpret the large amounts of data sets available in the region, so that the information generated can be published and inform, management and the harnessing of the ocean and coastal environment and resources for development. 
· The scientific productivity in the WIO region is very low.





[bookmark: _Toc89020581]B. What came across as ideas to address the challenges
	ODC 1. Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them

	Eastern Atlantic Ocean
	Red & Mediterranean Seas
	Western Indian Ocean

	· Assess and develop recycling technologies of micro-plastics/mega-plastics
· Assess the increase in carbon dioxide and the related repercussions of ocean acidification and warming as well as flooding
· Assess and monitor chemical pollution, including persistent organic pollutants (POPs) and oil pollution.
· Assess and monitor nutrient enrichment and related effects of eutrophication, harmful algal blooms and invasive species such as Sargassum
· assess transfer of species, including pathogenic species and diseases, attributable to shipping and fishing activities as well as to multiple related vectors
· Develop and use knowledge about what constitutes a healthy and resilient marine environment;
· Undertake the management of the linkages between ecosystem services and the people that are highly dependent of them;
· Assess the contributions of atmosphere-land-sea and anthropogenic pressures leading to changes in marine and coastal ecosystems. Assess specific emerging risks and impact on ecosystems and human health and well-being.
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors
· Implement management options and conservation plans, including marine protected area networks for coastal and deep-sea ecosystems that take into account their relationship to natural and anthropogenic changes in the environment while ensuring and promoting ecosystem services
· Establishment of Network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems.
	· Strengthen Regional assessments plans of marine litter, eutrophication and chemical contaminants in the Mediterranean Sea while considering ocean science and innovative approaches; especially harmonizing the methodology based on common standards. 
· Enhance governance for ocean science and capacity development, shared knowledge and technologies.
· Promote the concept of data sharing, education for sustainable development and active involvement of civil society and blue economy.
· Integrate coastal and deep-sea research promoting regional marine spatial planning in the Med area, and upscaling clean ocean regional initiatives.
· Acknowledge the Integrated Monitoring and Assessment Programme adopted in the framework of the Barcelona Convention as the minimum common base for monitoring activities and assessment of marine and coastal environment status in the Med.
· Improve the institutional capacity of Research Centres and labs in Africa on marine pollution.
· Promote the clean ocean concept into schools curriculum in Africa.
· Develop capacity for research and innovation to promote a circular economy. 
· Develop capacity of coastal and deep-sea research to better understand the human impact. 
	· Establish a regional working group to coordinate stakeholder participation in management of marine litter.
· Develop and implement national models management plan for marine litter.
· Monitoring of mercury contamination in aquatic environments will help to properly assess the risks to the environment and human health resulting from exposure to methyl mercury
· Review, evaluate and strengthen legislative measures for effective management of marine litter.
· Improve port reception facilities to effectively manage ship-generated waste.
· Eliminate, change or adapt products for environmental benefits.
· Oil and other spills in the ocean is a transboundary and multi-disciplinary problem that requires collective regional and international approach.
· Promote the 4Rs (Reduce, Reuse, Recycle and Recover).
· Establish a clearinghouse mechanism on effective strategies and practices for waste management
· Test and validate standard methodologies for studying and reporting on marine litter and microplastics for the WIO region.
· Update baseline data on marine litter and microplastics in the WIO region
· Promote research on alternative biodegradable materials
· Develop human capacity and infrastructure

	OCD 2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate

	· Identify the origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.
· Implement management options and conservation plans, including marine protected area networks for coastal and deep-sea ecosystems that consider their relationship to natural and anthropogenic changes in the environment while ensuring and promoting ecosystem services
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Collect consistent data and information on temperature variations and their impact on physical and biological ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors and propose possible solutions.
· Establish effective governance, policy framework and mobilization, including the kind of new governance structures that will need to be adopted nationally, regionally
· Develop and test (bio) remediation measures in different areas/locations, including possible reuse and recycling of hazardous materials.
	· Strengthen the African agenda in ocean science for development: an “Africa maritime university” could be established as an alliance of existing institutions and programmes, linked to relevant UN bodies (e.g. UNESCO-IOC, World Maritime University, etc.) and as a platform under the Decade.
· Financing for the Decade’s activities in Africa will be critical for success. A special financing vehicle could be established to assure consistency and build a longer continuity from the decade.
· The possibility to work on a high number of diversified ecosystems at an accessible spatial scale will provide special opportunities to test ecological theories in the basin
· Develop innovative management strategies to build sustainable socio-ecological systems. This approach requires the development of multidisciplinary modelling tools with a fine spatial resolution
· Increase knowledge on climate change impacts for adaptive management.
· Promote inclusive and participatory MPA planning and management processes (local socioeconomic actors: fishers, tourism stakeholders, etc.) and
· Define methodologies to demonstrate MPA connectivity, at the Mediterranean level.










	· Promote the establishment of MPAs
· Reinforce legislation
· To solidify the African agenda in ocean science for development, an “Africa maritime university” could be established as an alliance of existing institutions and programmes, linked to relevant UN bodies (e.g. UNESCO-IOC, World Maritime University, etc.) and as a platform under the Decade. 
· Financing for the Decade’s activities in Africa will be critical for success, generated from partnerships as well as novel financing. A special financing vehicle could be established to assure consistency and build a longer legacy from the Decade.

	ODC3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions

	· Describe and assess biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Fill the gaps in the understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.
	· Unsustainable exploitation of resources, climate variability and change and effects on marine ecosystems, ineffective governance, and anthropogenic impacts on marine ecosystems.
· key knowledge gaps include reliable fish catch and effort data collection, regular stock assessments, 
· improved understanding of fishing techniques and technologies needed for sustainable exploitation of marine resources, innovative strategies for alternative livelihoods, 
· Mapping of marine and coastal ecosystem (e.g. for MPAs), and information on the nature and extent of IUU fishing both in the EEZ and the high-seas and ABNJ.
	· Conduct survey of the deep-sea environment in terms of composition and biomass of deep water resources.
· Synchronized effort by governments, private operators and NGOs on integrated approach to mariculture 
· Leasing of deep-sea survey vessels



	ODC 4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions

	· Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
· Develop and Implementation of management plans for the sustainable exploitation of coastal and deep-sea biotic and abiotic resources, including gas hydrates, minerals and molecules of industrial interest.
· - Describe the deep sea, map seabed topography, characterize geomorphology and substrate types, identify geo-habitats and map sensitive habitats, with an inventory of their biodiversity, as well as critical fish habitats.
	· Collaboration on research on coral reefs and marine biology, and implementation of policies and regulations designed to protect the coral reefs. However, there has been less cooperation over the past decade as regional political tension has grown.
· sharing capacity, developing entrepreneurship in sustainable ocean economy sectors, designing joint education strategies, mixing art, science and education are: capacity building and technology transfer
· Tailored university programmes and blue skills actions oriented to bridge employability (40 million full-time equivalent blue jobs estimated worldwide by 2030) are being implemented in the area, meeting the needs of industry and society. 
· Up-scaling and transforming capacity building and marine and maritime technology transfer across the Basin while creating synergies is a crucial opportunity in this Decade, addressing youth, scientists, decision-makers and stakeholders. 
· Functional governance frameworks and more openness to innovation and mobility are the needed enablers. The role of relevant partnerships, public-private alliances and university networks shall be recognized as engine of this process, providing the competent work force in a fast-changing environment.
	· Promote institutional exchange programs in the region
· Financial support for skill development, e.g. internship programs



	ODC 5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean

	· Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic, and other processes
· Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Intensify modelling of meteorological, oceanographic, and climate processes at local and regional scales and for different time scales.
· Develop tools for numerical modelling, forecasting, indicators, and definition of trends/changes in Eastern Atlantic Ocean environmental conditions and long-term monitoring
· Develop environmental decision support modelling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats.
· Implement climate change downscaling models for the Eastern Atlantic Ocean and sub-basins; assess impacts on marine ecosystems and their resources from regional to local scales.
· Improve regional and national climate forecasts on different time scales to ensure anticipation of hazards and minimize their impacts; raise awareness among sectoral decision-makers of the impact of climate variability in order to take better action and make the contribution of climate information more concrete.
	· Require high-resolution weather and climate information
· Future trajectories of warming over the next decades and century should also be projected to determine whether the proposed MPAs would be located in warming refugia.
· Following efforts to map coral resilience to thermal stress (Mumby et al., 2011), mapping the drivers and patterns of coral bleaching over time as well as including climate projections would guide practitioners in the creation of a bleaching resilient MPA network.
· The development is such that the spatial resolution of the operational models is increasingly high and thus allows to better answer the questions of the socio-economic environment
	· IOC-AFRICA to facilitate regional training on ocean modelling.
· Enforce all countries in the WIO region to be part of the MoU on Port State Control
· Development of policies on: 
· Implementation of Flag State controls, and develop the needed capacity
· Regional cooperation in terms of maritime surveillance which could be extended from the current co-operation around combating piracy to include IUU fishing, oil spills, and other ship-related pollution
· Scientific monitoring and reporting of pollution levels and incidents
· Prevention and control of alien and invasive species introduced by ships
· Provision of adequate waste reception facilities at ports
· Response to the potential impacts of climate change on maritime sector by including climate change concerns into risk assessment and development of Climate Adaptation Plans for Ports
· Financial mechanisms to provide for the required managements activities


	ODC 6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience

	· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic and other processes
· Assess the risk of climate change on the ecosystem and human environment in the coastal zone and deep sea by developing climate risk monitoring programs and services
· Study extreme events (extreme cyclones and swells, etc.) by developing coupled sea-atmosphere models.
· Adopt appropriate sampling strategies; improve assessment of marine geo-hazards, based on paleo records and submarine terrain analysis and description of active faults and other features.
· Develop means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
	· Vulnerability to flooding is amplified by human activities and the installation of coastal infrastructures.
· Reduce the data observation gaps between the northern and southern Mediterranean and extend the scope of observations to biological and ecological variables.
· Another phenomenon related to the security of the Mediterranean Sea has been the subject of undeniable scientific and technological advances, which is the TSUNAMI.
· Several countries of the southern shore and the Red Sea should join the ambitious project: working group was set up (Tsunami Early Warning and Mitigation System in the North-eastern Atlantic, the Mediterranean and connected sea - ICG/NEAMTWS
	· Expand the South West Indian Ocean Climate Change Portal for information sharing
· Engagement with regional platforms for integrated and standardized methods of assessment and management of ecosystems and the associated resources 
· Adopt and enforce existing legal frameworks as well as formulating relevant policies to prevent illegal exploitation of marine resources
· Establish an online community of maritime experts in Africa 
· Enhance the maritime security unit within the African Union 

	ODC 7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins

	· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Develop Means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
· Develop environmental decision support modelling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats.
	· Sustain the existing Mediterranean observing system of systems to ensure systematic and continuous observations of oceanographic data,
· Establish an operational system of long-term coastal observations to provide information at key locations,
· Include new observations on marine ecosystems at higher trophic levels, fisheries, genomics and various pollutants.
· Track seafloor morphology in key areas characterized by particular natural dynamics (coastal erosion, deltaic deposits, mass transport sea-floor current activity, etc.) or anthropogenic modification (infrastructure, dredging, dumping, and detritus.
· Extending the range of observables from space is an opportunity that should be exploited as well as the synergy between space and in situ observation and new technology should be expended to improve predictive capabilities of ecosystems state and functions.
· Understanding mechanisms to identify required baseline monitoring, increased downscaling of global models.
	· Regional capacity development institutions are needed to provide education, training and capacity building that are adapted to the regional context.
· The development of national and regional ocean research institutes and university campuses is an urgent priority to generate regional knowledge and provide a career path for regional scientists.
· The entire African shelf region is routinely monitored (EOVs and EBVs) and data is near real time and accessible and the bathymetry is mapped at high resolution. This is complemented by autonomous monitoring (including pH through BGC Argo) being enhanced around Africa. 
· There is a consistent provision of ocean data products and services (e.g. ocean apps) for the benefit of society.
· Establishment of a regional calibration and instrument centre in which we could develop local instruments (enhancing local industry). This could be a hub for access to ships as well. 
· Standardised, interoperable and integrated monitoring programme for biodiversity and related environmental parameters.
· Strengthen existing regional programs

	OCD 8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions

	· Adopt a coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
	· The implementation of science-based risk reduction. A multidisciplinary approach to observation, monitoring, and modelling should trigger synergies and foster a more effective and sustainable long-term approach.
· Management, development and transfer of know-how within the contributing research community is more than necessary to build on relevant past and present Mediterranean initiatives. The ultimate goal is to establish an early warning system for these phenomena.
· Design research programmes on ocean policy agenda in order to analyze objectives, identify priorities and align teaching/research/outreach activities capable to impact on policy.
· An African node of Ocean Data Information System should be considered.
· Create a system where stakeholders can provide and use different products and services.
Create a platform for dialogue on issues such as Open Access.
	· Strengthen existing regional programs


	OCD 9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age 

	· Promote societal needs in forecasting and climate to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Promote and regulate transparency regarding the results of research conducted by private companies and institutes in relation to aquatic systems and take measures to make them more easily accessible to the public.
	· Regional capacity development institutions are needed to provide education, training and capacity building that is adapted to the regional context; for instance, downscaling models or advanced research on regional climatology.
· Build network capacity and competency within the region, develop regional platforms and programs, and promote knowledge sharing including sharing of studies, models, publications and research.
· Transmit data and research in a form that can be used by end-users including governments and policy makers. The construction of an institutional framework to bridge science and policy and facilitate uptake of data and models by decision makers.
· The need for clear messaging and communication of reliable data to decision makers was identified as important, as was improved communication between policy makers, IOC national focal points and scientists.
	· Establish an online community of maritime experts in Africa 
· Promote data sharing culture
· Promote regional collaborations and enhance already existing links
· Simplify data accessibility and ocean data formats  

	OCD 10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean

	· Develop, improve, and provide user-friendly tools for the dissemination of climate information related to the Eastern Atlantic Ocean, coastal, and oceanic areas.
· Promote societal needs in forecasting and climate to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
	· Competition, preconceptions, multi-stakeholder engagement, financial constraints, capacity issues, will enhance cross-border collaboration leading to coordinated Mediterranean actions, including governance to address complex systems and multicultural environments for modeling and scaling. 
· Regional organizations could also play an important role in harmonizing capacity building in the region, taking into account best practices to ensure high quality training courses. Finally, social sciences are crucial in understanding what actions and behavioral changes needed to achieve better outcomes.
· Pursue marine open data approach & boost advancement in scientific innovation.
· Understand the future links with economy and societal needs by ensuring the complete openness of scientific knowledge and supporting the formulation of environmental policy and management plans. 
· Build a strong "Mediterranean Sea literacy" and participatory research; improve connection and collaboration with existing Mediterranean networks that working on science communication and outreach, harmonized among the riparian countries.
	· Engage and motivate the youth to appreciate the ocean
· Educate the general public and include them as part of the solution. 
· Promote Ocean literacy.




[bookmark: _Toc89020582]Annex B: Some responses from the IOC national Focal Points IOC to the questionnaire sent by IOCAFRICA Secretariat
Priority Areas
· Setting science-policies interface
· Fisheries and Environment
· Oil and Gas
· Capacity building (digital mapping with open source software)
· Satellite data for thematic mapping
· Seabed mapping 
· Lack of/non-availability of ocean data.
· Gap in ocean mapping especially for shallow areas
· Updated mapping of the digital bathymetry of the seabed and coastal area
· Sediment dynamics, 
· Climate change impacts along the coastal zone
· Coastal zone management and planning
· Marine spatial planning
· Modelling

Relevant Recent/Ongoing Activities
· Promote the digitalization of maritime activities, practices and innovative products (e.g. smart moorings, serious games, augmented reality, scripting on smartphone, underwater trail, etc) to develop citizen science services 
· NIOF Data Center /ODIN-Africa program partnership for data exchange; NIOF is the publisher of open access journal (Egyptian Journal of Aquatic Research), and connected to aquatic science and fisheries international databases (e.g. Aquatic Sciences and Fisheries Abstracts (ASFA), International Association of Aquatic and Marine Science Libraries and Information Centers (IAMSLIC)).
· Installation of sea monitoring radar, to measure currents, waves, and sediment dynamics, to monitor the coast 

Planned/Proposed Activities 
· Develop autonomous ships and digital shipping (i.e. from sensors and Internet of Things, to big data analytics)
· Develop digital tools to characterize and analyse interactions between all stakeholders and the marine environment
· Data validation (IMR and Geomar)
· Capacity building (e.g. GEBCO envisages the training of executives for updating the bathymetry of the seabed)
· Satellite data for thematic mapping: IOCAFRICA or other institutions
· Seabed mapping: IOCAFRICA or GEBCO
· Working in national program for ocean mapping of shallow areas.
· Expanding provision of historic data, real-time data and modelling with evolving partner networks (IH.SM, GMES and Africa, C-RISe)
· Develop a network of ocean observation systems and regional forecasting models of ocean circulation, to provide baseline information on the oceanographic, biogeochemical and ecological state, changes and trends of the large marine ecosystem (IHSM, GMES and Africa, C-RISe)
· Ecosystem modelling
· Marine ecosystem mapping

[bookmark: _Toc89020583]Annex C: Scoring of the components of the Ocean Decade Challenges


[bookmark: _Toc89020584]Annex D: Scoring of the key needs for addressing each Ocean Decade Challenge 




[bookmark: _Toc89020585]Annex E: Summary of responses for the open questions in the administered questionnaires
	Challenge
	Proposals for Action
	Relevant Ongoing Activities
	Planned/proposed Activities

	ODC 1
	· Develop on the seashore networks of pollution monitoring
· Awareness/Education
· Capacity development
· interdisciplinary and transboundary knowledge 
· Oil Spill preparedness and response
· Regional shared knowledge base
· Resource mobilisation 
· Innovation and investment
· Develop local-based solutions  
· Actionable science 
· Cost-effective technology 
· Regional funding partnership
· Maps of pollution 
· Training
	· Update of the National oil spill contingency plan
· Behaviour change innovators
· Capacity building 
· Extensive beach clean ups
· httpafrican-marine-waste-network
· Marine Regions Forum
· Solid waste management
· The Programme of Work of UNEP/MPA-the activities related to SPI
· UNEP/MAP Integrated Monitoring and Assessment Programme (IMAP)
· Data and knowledge sharing 
· Science to Policy Platform 
· Research studies
· Ocean accounting
	· Interactive Ocean mapping
· Capacity-development
· Innovative-technology 
· resource-mobilisation
· Sustainable data collection
· Training 
· Advance ocean accounting tools
· Monitoring 
· Disaster preparedness
· Transboundary management 
· Waste management 
· Increasing education, awareness

	ODC 2
	· Capacity building
· develop a network of portals at the regional and national level 
· inter-disciplinary research 
· Regional shared knowledge base
· Science knowledge 
· Monitoring 
· Economic valuation of resources 
· Early warning system 
· Enhanced monitoring
	· Capacity development
· Climate change research 
· Marine Regions Forum
· Ocean Acidification Initiative
· Training local and national staff 
· Development  Governance Strategy
· Monitoring programs
	· Resource mobilisation
· Science and technology 
· Training 
· Monitoring 
· Education, awareness
· Regional partnership

	ODC 3

	· Capacity building
· Climate change research 
· Capacity development 
· Regional shared knowledge base
· Pollution inventory
· Mapping 
· Impact on Society 
· Technology transfer
	· Fish stock assessment
· Marine Regions Forum
· The Programme of Work of UNEP/MPA-the activities related to SPI
· Training 
· Training and awareness to different relevant communities
· Enhance data collection
	· Resource mobilisation
· Science and technology 
· Training 
· Monitoring 
· Awareness creation
· Regional partnership 
· Capacity development 


	ODC 4
	· Capacity development
· Generate knowledge
· Regional data sharing platform
· Regional shared knowledge base
· Research
· Training
	· capacity development
· http://ioisa.org/course-in-ocean-governance/
· Marine Regions Forum
· Research and Monitoring 
· The Programme of Work of UNEP/MPA-the activities related to SPI
· Data -sharing 
· Enhance data collection
	· Capacity development
· Enhance ocean governance
· Training
· Awareness

	ODC 5
	· Innovative technology 
· Capacity building
· Climate change
· Global Ocean Observation System
· Regional shared knowledge base
· science development
· Training 
· Regional partnership
	· Forecasts
· Training
· Enhance science and technology 

	· Impact based Forecast (IBF)
· Acquisition of meteorological buoys
· Develop a Drought Index
· Training 
· Capacity development 



	ODC 6
	· Capacity development
· Numerical Weather and Climate Prediction (NWP)
· Regional shared knowledge base
· Research
· Sustainable agricultural activities
· Enhance Equipment
	
· capacity development
· Monitoring and training
· Weather Forecasts
· ocean accounting 
· The Global Ocean Accounts Partnership 
	· Capacity development
· Acquire Forecasting Equipment 
· Acquire equipment 



	ODC 7
	· Global Ocean Observation System
· Ocean Observations and monitoring
· Regional shared knowledge base
· Research
· Capacity development 
· Data collection 
· Open-source data platform, 
· Resource mobilisation 
· Development local solutions 
· Enhance modelling 
	· Capacity development,
· Data collection 
· The Programme of Work of UNEP/MPA-the activities related to SPI
· MPA network

	· Capacity development
· Development of data sharing policy,
· Monitoring 
· Acquire equipment 
· Data collection
· Increasing education, 
· Awareness



	ODC 8
	· Capacity building
· Develop an Africa-specific decision support tools
· Regional shared knowledge base
· Sediment Dynamic,
· Training 
· Resource mobilisation 
· Development of partnerships
· Mapping
	· Climate change strategy 
· Installation of sea radar
· Partnership development
· National Ocean Science Policies 
· The Programme of Work of UNEP/MPA-the activities related to SPI
· Training in ecosystem modelling and oceanography
· Enhance adaption strategies 
	· Partnership development
· Training
· Increasing education,
· awareness




	ODC 9
	· Investment in research
· Capacity building
· Regional centres 
· Regional shared knowledge base,
· Regional data portals 
· Develop a system that the national government can support
· Partnership development
·  Resources mobilisation 
·  National Ocean Science Policies
	· Awareness to decision-makers
· capacity development
· Ocean Teacher Academy programme
· Partnership development 
· Regional resource Mobilisation 

	· Develop National Ocean Science Policy
· Partnership development 
· Develop resource map 


 


	ODC 10
	· Ocean accounting
· Capacity building
·  Community Awareness
·  Investment in technology 
· Ocean literacy
· Regional shared knowledge base, 
· Partnership development 
· Data portals 
· Community awareness 
· Expand Ocean Literacy 
	· The Global Ocean Accounts Partnership 
· Early warning system 
· Partnership development, 
· Capacity development,
· Resource mobilisation 
· Community Awareness
	· Partnership development
· Capacity development
· Resource mobilisation 
· Data data portal
· Expand Ocean Literacy programme 
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[bookmark: _Toc89020587]1. Eastern Atlantic Ocean
	Challenges
	Identified Gaps
	Actions

	1: Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	· Marine litter and micro-plastics/mega-plastics
· the increase in carbon dioxide and the related repercussions of ocean acidification and warming as well as flooding
· chemical pollution, including persistent organic pollutants (POPs) and oil pollution;
· nutrient enrichment and related effects of eutrophication, harmful algal blooms and invasive species such as Sargassum
· the transfer of species, including pathogenic species and diseases, attributable to shipping and fishing activities as well as to multiple related vectors
· Understanding the life cycle of pollutants from source to sink
· Understanding and using knowledge about what constitutes a healthy and resilient marine environment;
· Understanding and managing the linkages between ecosystem services and the people that are highly dependent of them;
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors

	· Assess and develop recycling technologies of micro-plastics/mega-plastics
· Assess the increase in carbon dioxide and the related repercussions of ocean acidification and warming as well as flooding
· Assess and monitor chemical pollution, including persistent organic pollutants (POPs) and oil pollution;
· Assess and monitor nutrient enrichment and related effects of eutrophication, harmful algal blooms and invasive species such as Sargassum
· assess transfer of species, including pathogenic species and diseases, attributable to shipping and fishing activities as well as to multiple related vectors
· Develop and use knowledge about what constitutes a healthy and resilient marine environment;
· Undertake the management of the linkages between ecosystem services and the people that are highly dependent of them;
· Assess the contributions of atmosphere-land-sea and anthropogenic pressures leading to changes in marine and coastal ecosystems- Assess specific emerging risks and impact on ecosystems and human health and well-being.
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors
· Implement management options and conservation plans, including marine protected area networks for coastal and deep-sea ecosystems that take into account their relationship to natural and anthropogenic changes in the environment while ensuring and promoting ecosystem services

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	· Understanding and using knowledge about what constitutes a healthy and resilient marine environment;
· Understanding and managing the linkages between ecosystem services and the people that are highly dependent of them;
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Understanding the structure and functioning of the ocean
· of knowledge on ecosystem changes associated with the exploitation of oceanic biological resources
· Understanding of an environment with many stressors or users (e.g. Climate change and invasive species) which have unknown cumulative effects on ecosystem function
· consistent data and information on temperature variations and their impact on physical and biological ecosystems
· Effective governance, policy framework and mobilization, including the kind of new governance structures that will need to be adopted nationally, regionally
· Origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.
· Establishment of Network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems.
	· Identify the origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.
· Implement management options and conservation plans, including marine protected area networks for coastal and deep-sea ecosystems that take into account their relationship to natural and anthropogenic changes in the environment while ensuring and promoting ecosystem services
· Develop the breadth of relevant and adaptive governance approaches that are needed to ensure healthy and resilient ecosystems
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Collect consistent data and information on temperature variations and their impact on physical and biological ecosystems
· Identify areas that are potential conflict hotspots that are particularly exposed to the impact of several stressors and propose possible solutions.
· Establish effective governance, policy framework and mobilization, including the kind of new governance structures that will need to be adopted nationally, regionally
· Develop and test (bio) remediation measures in different areas/locations, including possible reuse and recycling of hazardous materials.

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions
	· Understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.
· Network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
	· Describe and assess biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management.
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Fill the gaps in the understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Eastern Atlantic basin scale and at the scale required by relevant management

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	· Environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· implementation of management plans for the sustainable exploitation of coastal and deep-sea biotic and abiotic resources, including gas hydrates, minerals and molecules of industrial interest.
	· Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
· Develop and Implementation of management plans for the sustainable exploitation of coastal and deep-sea biotic and abiotic resources, including gas hydrates, minerals and molecules of industrial interest.
· Describe the deep sea, map seabed topography, characterize geomorphology and substrate types, identify geo-habitats and map sensitive habitats, with an inventory of their biodiversity, as well as critical fish habitats.

	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.

	· environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats
· regional and national climate forecasts on different time scales to ensure anticipation of hazards and minimize their impacts; raise awareness among sectoral decision-makers of the impact of climate variability in order to take better action and make the contribution of climate
	· Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic and other processes
· Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Intensify modeling of meteorological, oceanographic, and climate processes at local and regional scales and for different time scales.
· Develop tools for numerical modeling, forecasting, indicators and definition of trends/changes in Eastern Atlantic Ocean environmental conditions and long-term monitoring
· Develop environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats.
· Implement climate change downscaling models for the Eastern Atlantic Ocean and sub-basins; assess impacts on marine ecosystems and their resources from regional to local scales.
· Improve regional and national climate forecasts on different time scales to ensure anticipation of hazards and minimize their impacts; raise awareness among sectoral decision-makers of the impact of climate variability in order to take better action and make the contribution of climate information more concrete.

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	· Comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Assess the risk of climate change on the ecosystem and human environment in the coastal zone and deep sea by developing climate risk monitoring programs and services
· Appropriate sampling strategies; improve assessment of marine geo-hazards, based on paleo records and submarine terrain analysis and description of active faults and other features
	· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic and other processes
· Assess the risk of climate change on the ecosystem and human environment in the coastal zone and deep sea by developing climate risk monitoring programs and services
· Study extreme events (extreme cyclones and swells, etc.) by developing coupled sea-atmosphere models.
· Adopt appropriate sampling strategies; improve assessment of marine geo-hazards, based on paleo records and submarine terrain analysis and description of active faults and other features.
· Develop means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	· environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats
· Means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
· Operational platforms and a decision matrix to address destructive tsunamis generated by different sources, e.g., seismic activity, volcanoes, landslides, atmosphere, while assessing and controlling progressive geological processes such as erosion or burial, and integrate the undersea environment as a resource.
	· Conduct a comprehensive assessment of climate-related risks in the Eastern Atlantic Ocean sub-region, including extreme weather events in a changing climate, sea level rise, temperature increase, flooding and extreme weather events, and invasive species.
· Develop Means of observation, forecasting, warning and anticipation of climatic hazards in order to deal with the risks associated with climate change, with a view to ensuring adequate management of these hazards and controlling the socio-economic consequences.
· Develop environmental decision support modeling systems to support policy strategies, including adaptation and mitigation, to preserve the socioeconomic and environmental sustainability of marine species and habitats.

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.

	· Coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
	· Adopt a coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	· societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
· Coordinated methods and approach to establish a network dedicated to hazard science and policy in the Eastern Atlantic Ocean
	· Promote societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
· Establish a coordinated network of research institutes, universities, observatories, associations, and businesses to define standard protocols for monitoring and protecting species, habitats, and ecosystems
· Promote and regulate transparency regarding the results of research conducted by private companies and institutes in relation to aquatic systems and take measures to make them more easily accessible to the public.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	· Tools for the dissemination of climate information related to the Eastern Atlantic Ocean, coastal, and oceanic areas.
· societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, 
· strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations
	· Develop, improve, and provide user-friendly tools for the dissemination of climate information related to the Eastern Atlantic Ocean, coastal, and oceanic areas.
· Promote societal needs in forecasting and climate in order to ensure the added value of meteorological products and the return of information to the citizen, strengthen the warning and announcement system for rain and floods for greater vigilance of the authorities and populations






[bookmark: _Toc89020588]2. Mediterranean Sea & Red Sea

	Challenges
	Identified Gaps
	Actions

	1: Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	· Regional assessments plans of marine litter, eutrophication and chemical contaminants
· No data sharing, education for sustainable development and active involvement of civil society.
· Institutional capacity of Research Centres and labs in Africa on marine pollution are lacking.
	· Develop and test (bio)remediation measures in different areas/locations, including possible reuse and recycling of hazardous materials.
· Strengthen Regional assessments plans of marine litter, eutrophication and chemical contaminants in the Mediterranean Sea while considering ocean science and innovative approaches; especially harmonizing the methodology based on common standards. 
· Integrate coastal and deep-sea research promoting regional marine spatial planning in the Med area, and up-scaling clean ocean regional initiatives.
· Conduct in situ measurements and develop modelling tools to understand the distribution, intensity and sources of underwater noise, as well as its effect on marine species.
· Measure and identify emerging chemical compounds (e.g. pharmaceuticals, synthetic drugs) from terrestrial sources, determining contaminant dispersal in all marine matrices; characterize sources, pathways and effects on marine ecosystems.
· Promote the clean ocean concept into school’s curriculum in Africa.
· Develop capacity of coastal and deep-sea research to better understand the human impact.

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	· A shortcoming in financing for the Decade’s activities in Africa. 
· Defining ‘restoration’ to provide scientific understanding of the future wanted and needed ocean state.
· ‘Socio-ecological systems’ building innovative management strategies are lacking.
· It is required to build on for future modelling exercises to improve spatial resolution.
· Understanding interdependencies between ecosystems, particularly for mesopelagic zone, deep sea and open ocean.
	· The Mediterranean being the “most invaded” sea, there is urgent need to know about links between structure and function with special reference to the impact of exotic species on the functioning of the affected ecosystems. 
· Develop new generation techniques for identification of molecules; in situ sensors for a large-scale view of their distribution; mechanisms of transfer and bio-magnification and modelling of the food web 
· the possibility to work on a high number of diversified ecosystems at an accessible spatial scale will provide special opportunities to test ecological theories in the basin
· ‘socio-ecological systems’ building innovative management strategies could benefit of test-case studies in the Med multi-cultural, socio-economic diversified regional setting.
· build on for future modelling exercises to improve spatial resolution, and integrate new variables (benefiting of local knowledge, inter alia) and scale-up to deal with complex systems;
· Coral reefs replanting projects.
· Sub-regional fisheries commissions, they need to be harmonized and strengthened, with a focus around resilient oceans.

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions
	· Un-sustainable exploitation of resources, climate variability, ineffective governance, and anthropogenic impacts on marine ecosystems.
· Fish catch and effort data collection, regular stock assessments.
· Fishing techniques and technologies needed for sustainable exploitation of marine resources. 
· Mapping of marine and coastal ecosystem (e.g. for MPAs), and information on the nature and extent of IUU fishing both in the EEZ and the high-seas and
	· Conduct environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy options, and blue growth exploitation on biodiversity and nature benefits.
· Engagement with regional platforms for integrated and standardized methods of assessment and management of ecosystems and the associated resources
· Adoption and enforcement of existing legal frameworks as well as formulating relevant policies to prevent illegal exploitation of marine resources
· Awareness creation on sustainable utilisation of marine resources among resource users
· Promote alternative livelihoods
· Define science-based safe and sustainable thresholds for economic operations.
· Intensify modeling of meteorological, oceanographic, and climate processes at local and regional scales and for different time scales.
· Promote the development of new innovative technological solutions for harvesting including blue biotechnology, 
· The consolidation of our knowledge on existing living and non-renewable resources, the definition of science-based baselines and thresholds of sustainability

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	· To fill the gaps in the understanding of biogeographic patterns, biodiversity, fisheries, and ecosystem functions and services supported by different ecosystems both at the Mediterranean basin scale and at the scale required by relevant management.
· Need for clear understanding of healthy marine ecosystems, functions and services, and development of relevant indicators.
· Larval dispersal and populations connectivity; migratory patterns and strategies, and their relations to inter-systems connectivity.
Understanding the effects on ecosystem of new and cumulative impacts of climate change, the growing Blue Economy, and geoengineering.
	· Develop environmental management for the conservation of ecosystems, preservation of their services (fisheries, aquaculture, tourism, etc.) and human health; advocate integrated coastal management for sustainable development.
· Promote and regulate transparency regarding the results of research conducted by private companies and institutes in relation to aquatic systems and take measures to make them more easily accessible to the public.
· Implement dynamic models adapted to key sectors of the economy coupling different biological, ethological, hydrodynamic and other processes.
· Identify the origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and their major effects on local habitats, species, and ecosystems.
· Research on species diversity and taxonomy, roles in ecosystem resilience, and biodiversity patterns, including modelling.
· Creating conditions to return the Mediterranean & Red degraded, damaged or destroyed ecosystems to their ‘functional historic trajectories.
· Improve understanding on how the Blue Economy sectors and climate variability and change impact fisheries.

	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.

	· Data accessibility (ownership e.g. lack of access to oil and gas industry data), data quality, lack of standardized observing parameters, and gaps in the types of data collected.
· A gap in sustained in situ observations for several Essential Ocean Variables (EOVs), particularly biological variable and gaps in observation on Central-Eastern Mediterranean and on the Northern African coasts, should be filled.
Data
· Improving modelling (coupled models, coupling physical and biological models, integrated with a focus on particular timescales: short for hazard warning and operational services, and seasonal to decadal to centennial)
	· Extending the range of observables from space is an opportunity that should be exploited as well as the synergy between space and in situ observation and new technology should be expended to improve predictive capabilities of ecosystems state and functions.
· Scientific understanding of ocean processes/ecosystems (including future states) and how these processes affect the global climate system is key to predictionn.
· Share equipment, methodologies, knowledge for baseline monitoring to make it standardized (e.g. Nairobi Convention and IOC/GOOS OBPS e.g. for understanding ocean acidification).
· Sustain and improve ocean observing systems by expanding their scope and establishing quality assurance in order to improve modeling and forecasting of system dynamics, and estimates of trends and indicators
· Mainstreaming discussions on and strengthening understanding coastal-open ocean exchange.
· Observations for weather and climate forecasts at all scales (higher resolution observations in the upper ocean, better understanding of diurnal variability, ai-sea fluxes, and atmosphere-thermocline feedbacks)

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	· The implementation of science-based risk reduction. A multidisciplinary approach to observation, monitoring, and modelling should trigger synergies and foster a long-term approach.
· An African node of Ocean Data Information System should be considered.
· Create a system where stakeholders can provide and use different products and services.
· Create a platform for dialogue on issues such as Open Access.
· Requirement for a Harmful Algal Bloom prediction and warning system – from observation (in situ and remote) to prediction
	· Develop appropriate sampling strategies; improve assessment of marine geo-hazards, based on paleo records and submarine terrain analysis and description of active faults and other features.
· Develop operational platforms and a decision matrix to address destructive tsunamis generated by different sources, e.g., seismic activity, volcanoes, landslides, atmosphere
· Assessing and controlling progressive geological processes such as erosion or burial, and integrate the undersea environment as a resource.
· Establish baseline assessments for bio/chem geophysical parameters to inform ocean management.
· Conduct coastal and social (perceptions) vulnerability assessments.
· Implement coordinated methods and approach to establish a network dedicated to hazard science and policy in the Mediterranean and Red Seas.
· Increase data availability in support of multi-hazard early warning systems and of modelling including baseline data, real-time dynamic data and data to improve models for tropical cyclones, hurricanes and all extreme events
· Study extreme events (extreme cyclones and swells, etc.) by developing coupled sea-atmosphere models.

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	· Conflicting policies/law/guidelines within institutions/nations with regards to Open Access.
· The need for clear messaging and communication of reliable data to decision makers was identified as important, as was improved communication between policy makers, IOC national focal points and scientists.
· Lack of trust between organisation/institutions/governments.
· Mechanisms to validate that systems and data meet end-users needs and assess impacts on societal outcomes.
	· Precise efficiency indicators, clear thresholds for GES and standardized methodologies to build an efficient shared international collaboration.
· Knowledge on existing metadata formats/language and fitness of use
· Build network capacity and competency within the region, develop regional platforms and programs, and promote knowledge sharing including sharing of studies, models, publications and research.
· Specific policies can also regulate how sharing data can be linked to funding’s of research grants or activities, or work on preventing data piracy and research being conducted by foreign collaboration partners without sharing the gathered data.
· Reinforce SeaDataNet and EMODnet in the Med Sea, and strengthen the collaboration with CMEMS and INFO/RAC.
· Build a global data ecosystem of existing infrastructures which allows distributed resources to interoperate, and where users will have access to any of these resources through the interface of any component.
· Use the stress test approach to assess the adequacy of the present observing system at basin scale to face the prominent and emerging societal challenges (EMODnet Checkpoint approach).

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.

	· Need for clarifying the science-policy interface at national level.
· Need for better coordination between UN agencies at regional level.
· Network existing data systems and portals preventing duplicates and providing review services as journals in order to grant credit to researchers.
Need for an Ocean data and information system designed as an e-environment of existing data portals where users can discover data, data products, data services, information, information products and services.
	· Promote the digitalization of maritime activities practices and innovative products (e.g. smart moorings, games, augmented reality, scripting on smartphone, underwater trails, etc.) to develop citizen science services.
· Uptake, develop and review ocean best practices for a wider usage to document how data are acquired, collected, managed, shared and validated.
· Work on science -policy interface to improve the data policy considering the variety of data types especially the very sensitive ones.
· Involve the private sector establishing or improving private and public partnerships and facilitate the data ingestion from the private sector.
· Implement an overarching process to assure good quality of data (QA/QC, provenance, transparency, full metadata description and allowing reassessing and reprocessing capabilities).
Built up a citation index for data sets (with persistent identifiers) to acknowledge scientists as well as institutes.

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	· Technical incapability and inadequate resources to hire and retain staff/buy equipment etc.
· Capacity building inequalities, North-South and within Africa.
· Innovative technologies/
solutions.
· Social science
· Promote and inform the development of science-based regulatory frameworks and policies.
· Development of scholarship and mentorship;
· Assessment of the current status of capacity in the region. 
· This will involve mapping of institutions (including facilities such as vessels, labs, obs platforms and other equipment), and inventory of experts (specialization, qualification, gender and age).
Bridging the employability gap between advanced sills and markets.
	· Enhance governance and capacity building for ocean science and management, synergies; informing decision-makers and stakeholders through observation and foresight.
· Ad-hoc formation programs on specific mitigation/adaptive strategies addressing urgent, punctual events with high socio-economic impact (ex. building up a regional near real time ‘warning’ platform’ for dangerous invasive species);
· Capacity building for risk managers/stakeholders and development of a self-protection culture through raising societal awareness.
· Raise awareness on evidence-based tourism sustainability and cultural heritage;
· Train the new generation of marine biotechnologists, engineers, economists, touristic operators, journalists, and marine biologists as well.
· Establishment of a visiting scholar/exchange programme to enable countries at different levels of development and different skill sets to share expertise and experiences.
· Dedicated regional funds (ex. EU ENPI, Interreg MED), World Bank, UNDP, etc.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	· People lack a sense of ‘Ocean Literacy’ i.e. an understanding of the ocean’s influence on us and our influence on the ocean.
· In Africa, stakeholders including the general public are not aware of the full extent of the medical, economic, social, political and environmental importance of the sea. 
· Many of us are not aware that our day-to-day actions can have a cumulative effect on the health of the ocean and seas.
· OL as a platform for multi-disciplinary collaboration (i.e. art-science) to fill knowledge gaps (society in general) and a new “language” is necessary build relationship, increase capacity development, increase collaboration in Africa.
	· Collecting litter before it enters the marine system, and recycling of plastic waste.
· Awareness on usefulness of change in the public perceptions towards plastic use.
· Involve local communities in resource conservation, use of local knowledge for protection and conservation of resources and promoting ecosystem value services.
· An ocean prediction science team to be formed and a regional forum established to address all the issues related to a predicted ocean.
· Develop an Ocean Education for Schools and Communities Programme in Africa.
· Organise advocacy visits/meetings to policy makers particularly, the States Ministries of Environment to introduce and enforce ocean pollution prevention and reduction policy frameworks and promote government participation in the project.




[bookmark: _Toc89020589]3. Western Indian Ocean
	Challenges
	Identified Gaps
	Actions

	1: Understand and map land and sea-based sources of pollutants and contaminants and their potential impacts on human health and ocean ecosystems, and develop solutions to mitigate or remove them.
	*Exact quantities of marine litter entering the oceans are under-estimated by far.
*The Hotspot of microplastics in WIO are unknown.
*Lack of knowledge and information about the Deep/Bottom-sea environment polluted by microplastics. 

	Action plans as proposed by the UNEP2018 report proposes: 
· Action 1: Establish a regional working group to coordinate stakeholder participation in management of marine litter.
· Action 2: Develop and implement model national management plan for marine litter.
· Action 3: Review, evaluate and strengthen legislative measures for effective management of marine litter.
· Action 4: Improve port reception facilities to effectively manage ship-generated waste.
· Action 5: Eliminate, change or adapt products for environmental benefits.
· Action 6: Maintain clean environmental compartments
· Action 7: Promote the 4Rs (Reduce, Reuse, Recycle and Recover).
· Action 8: Encourage product eco-labelling.
· Action 9: Establish a clearinghouse mechanism on effective strategies and practices for waste management.
· Action 10: Test and validate standard methodologies for studying and reporting on marine litter and microplastics for the WIO region.
· Action 11: Update baseline data on marine litter and microplastics in the WIO region.
· Action 12: Promote research on alternative biodegradable materials
· Action 13: Identify ‘hotspots’ of land- and sea-based sources for plastic and microplastics.
· Action 14: Develop human capacity and infrastructure.

	2. Understand the effects of multiple stressors on ocean ecosystems, and develop solutions to protect, monitor, manage and restore ecosystems and their biodiversity under changing environmental conditions, including climate.
	*WIO region lacks a comprehensive open ocean science programme, developed and implemented through national agencies/partners
•Research on species diversity and taxonomy is lacking
•Understanding of ecosystem resilience and biodiversity patterns is lacking.
*Knowledge and information about the Deep/Bottom-sea environment, and ecological hotspots is lacking. 

	· Restore already identified degraded habitats.
· Contracting Parties to the Nairobi Convention to adopt an integrated approach in the management of ocean resources to maintain a balance between conservation and development.
· Promote the protection of critical coastal and marine resources.
· Develop transboundary MPAS between countries.
· Provides a baseline data for future Global Biodiversity Framework. 
· Promote effective governance.
· Promote knowledge creation.
· Mobilize technical and infrastructure capacity. 
· Promote Ocean Literacy.

	3. Generate knowledge, support innovation, and develop solutions to optimise the role of the ocean to contribute to sustainably feeding the world’s population under changing environmental and social conditions
	•Capacity building: Research infrastructure and capacity and the Linkages between fisheries management and applied research is currently inadequate
•Inability to enforce national and international laws. Consequently, illegal unreported, unregulated fishing (IUU) is common in the SWIO.
Open Access fisheries: underreporting of fisheries (estimates of the stoke status is missing).
•No prioritization of studies to provide solutions to recent or long-standing management issues is missing.
•Lack of capacity and know-how.
•Lack of infrastructure for deep-sea exploration.
	· Conduct survey of the deep-sea environment in terms of composition and biomass of the potential of deep water resources.
· Monitoring, information dissemination and awareness of vulnerabilities to climate change currently in place in WIO should be strengthened through community-level vulnerability assessments, integrated monitoring programmes that are effective and feasible with existing capacities, complemented by implementation of an ecosystem approach to fisheries. 
· To include the following adaptive measures: (i) Developing and implementing fishery-specific adaptive management plans; (ii) Implementation, or strengthening of effective systems of marine protected areas (MPAs); (iii) Implementation of an EAF, FAO Code of Conduct for Responsible Fisheries and Voluntary guidelines on small-scale fisheries; and (iv) Implement a sustainable, inclusive blue economy approach. 
· Maintain already existing partnerships, and establish new ones for achieving capacity development for effective management of marine and coastal fisheries.
· Build adaptive capacity and resilience to climate change.   
· Synchronized effort by governments, private operators and NGOs (integrated approach to mariculture to be implemented)
· Leasing of deep-sea survey vessels

	4. Generate knowledge, support innovation, and develop solutions to contribute to equitable and sustainable development of the ocean economy under changing environmental and social conditions.
	•The effects of climate change resulting on ocean warming, changes on pH, sea-level on the capacity of the oceans to produce food is not yet fully understood.
•How to translate a plan into effective active management processes is a need.

•Lack of hard information on the importance of capture fisheries and mariculture to the food security and local economies of households near the coast
•Lack of alternatives to capture fisheries even in face of the increasing population and decreasing catches from coastal areas.
•Lack of knowledge about the deep-sea fisheries. 
•Lack of infrastructure  
	•Generate knowledge of adaptive capacity of local communities to effects of climate change;
• Promote transboundary marine resource management.
• Promote science to policy engagements.
•Awareness creation on sustainable utilisation of marine resources among resource users


	5. Enhance understanding of the ocean-climate nexus and use this understanding to generate solutions to mitigate, adapt and build resilience to the effects of climate change, and to improve services including improved predictions and forecasts for weather, climate, and the ocean.

	•How future global warming may affect the Seychelles Chagos-Thermocline Ridge (SCTR) and its impacts on patterns of weather variability, marine biogeochemistry and fisheries is uncertain
•No prioritization of studies to provide solutions to recent or long-standing management issues is missing.
•Lack of capacity and know-how.
•Lack of infrastructure for deep-sea exploration.
	· SOMISANA (SAEON, DFFE)
· IOC-AFRICA to facilitate regional training on ocean modelling. 
· Engage to explore the possibility for extending the lifespan of programmes such as ReNovRisk.
· Invest in already existing ocean observing systems such as IndOOS
· Enhance data sharing mechanisms and platforms already in place.
· Standardization of datasets.

	6. Expand multi-hazard warning systems for all biological, geophysical, and weather and climate related ocean hazards, and mainstream community preparedness and resilience.
	*Lack of hazard warning systems in place for different hazards, such as Tsunamis; Tropical cyclones; flooding; coral bleaching; etc.
*Lack of technological development in terms of forecasting and predictive models
*Limited adaptive and climate resilience of communities and economic sectors.
*Sparse observational data closer to the coasts, continental shelves and bottom ocean




	· Main IndOOS-2 recommendations. Argo: Maintain the core 3° × 3° array; Add 200 BGC-Argo floats; develop a Deep-Argo program. RAMA: New RAMA-2.0 design that better addresses operational constraints; occupy three remaining sites in Arabian Sea; 
· Increase resolution of upper-ocean measurements and add biogeochemical measurements at flux reference sites; 
· Add a new flux site off north-western Australia. XBT: Maintain IX01 and IX21 lines, install auto launchers, and increase near-coastal resolution on IX01. 
· Tide gauges: Add collocated measurements of land motion; add sites in the southwestern Indian Ocean and on islands. Surface drifters: Maintain core 5° × 5° array; evaluate addition of barometric pressure measurements. 
· Boundary current arrays: Add measurements of mass, heat, and freshwater fluxes of the Agulhas and Leeuwin Currents, including hydrographic end-point moorings to capture basin-scale overturning. 
· GO-SHIP: Find national commitment for IO1-E and IO1-W sections; add measurements of phytoplankton community structure. Satellites:
·  Maintain overlapping, intercalibrated missions; enhance spatial resolution of SSH or currents directly. These recommendations can be summarized in four core findings of the review, listed in green in the frames beside the map.
· Support regional cooperation to strengthen the operational forecasting and multi-hazard early warning systems at national level in the SWIO region.
· Develop national institutional capacities 

	7. Ensure a sustainable ocean observing system that delivers timely data and information accessible to all users on the state of the ocean across all ocean basins.
	*Sparse observational data closer to the coasts, continental shelves and bottom ocean
*Lack of skills on physical and biogeochemical modelling.
*Lack of high-resolution coastal models for smaller scale processes at the continental shelves.
*Lack of skills on data assimilation into numerical models for operational oceanographic purposes, such as spills, search and rescue operations.
*Lack of technological development in terms of forecasting and predictive models
*Limited participation in   international programmes with a global scope .





	· Main IndOOS-2 recommendations. Argo: Maintain the core 3° × 3° array; Add 200 BGC-Argo floats; develop a Deep-Argo program. RAMA: New RAMA-2.0 design that better addresses operational constraints; occupy three remaining sites in Arabian Sea; 
· Increase resolution of upper-ocean measurements and add biogeochemical measurements at flux reference sites; 
· Add a new flux site off north-western Australia. XBT: Maintain IX01 and IX21 lines, install auto launchers, and increase near-coastal resolution on IX01. 
· Tide gauges: Add collocated measurements of land motion; add sites in the southwestern Indian Ocean and on islands. Surface drifters: Maintain core 5° × 5° array; evaluate addition of barometric pressure measurements. 
· Boundary current arrays: Add measurements of mass, heat, and freshwater fluxes of the Agulhas and Leeuwin Currents, including hydrographic end-point moorings to capture basin-scale overturning. 
· GO-SHIP: Find national commitment for IO1-E and IO1-W sections; add measurements of phytoplankton community structure. Satellites:
·  Maintain overlapping, intercalibrated missions; enhance spatial resolution of SSH or currents directly. These recommendations can be summarized in four core findings of the review, listed in green in the frames beside the map..
· Support regional cooperation to strengthen the operational forecasting and multi-hazard early warning systems at national level in the SWIO region.
· Develop national institutional capacities 

	8. Develop a comprehensive digital representation of the ocean, including a dynamic ocean map, through multi-stakeholder collaboration that provides free and open access to explore, discover, and visualize past, current, and future ocean conditions.

	*Lack of capacity to monitor and regulate shipping

*Due to paucity of observations, little is known about oceanographic processes with decadal variations in the Indian Ocean, which makes it difficult to distinguish climate change trends from patterns of natural variability. 
*Little is known about the changing biogeochemistry and higher trophic levels of the Indian Ocean at these time scales
	· Enforce all countries in the WIO region to be part of the MoU on Port (e.g. Madagascar and Somalia) State Control

· Development of policies on: 
implementation of Flag and State controls, and develop the needed capacity
· Regional cooperation in terms of maritime surveillance which could be extended from the current co-operation around combating piracy to include illegal, unregulated fishing, oil spills, and other ship related pollution
· Scientific monitoring and reporting of pollution levels and incidents
· Prevention and control of alien and invasive species introduced by ships
· Provision of adequate waste reception facilities at ports
· Building awareness of the impacts of marine litter and increasing capacity to address the sources thereof
· Response to the potential impacts of climate change on maritime sector by including climate change concerns into risk assessment and development of Climate Adaptation Plans for Ports
· Financial mechanisms to provide for the required managements activities

	9. Ensure comprehensive capacity development and equitable access to data, information, knowledge and technology across all aspects of ocean science and for all stakeholders regardless of geography, gender, culture, or age. 
	*WIO region has a lack of well-trained individual.
· For example, the majority of ocean researchers have a level of academic qualification which is at level equal to bachelor’s degree, as opposed to PhDs in other countries such as Brazil
*Scientific productivity of the WIO region researchers is low.
*Lack of investment for purchase, or even servicing  of the  instruments for ocean monitoring.
*Except to South Africa all countries in WIO region have insufficient ocean observing platforms. 
*Lack of communication between ocean researchers and technicians with managers and decision makers 
•Weak clearing mechanism system for data sharing
	· Promote the youth to pursue higher education that enhance knowledge creation 
· Promote ocean science to policy dialogues
· Regional cooperation in terms of maritime surveillance which could be extended from the current co-operation around combating piracy to include illegal, unregulated fishing, oil spills, and other ship related pollution
· Promote ocean literacy - building awareness of the impacts of marine litter and increasing capacity to address the sources thereof
· Response to the potential impacts of climate change on maritime sector by including climate change concerns into risk assessment and development of Climate Adaptation Plans for Ports
· Financial mechanisms to provide for the required managements activities
· Promote a regional assessment of existing data, information sources.

	10. Ensure that the multiple values of the ocean for human wellbeing, culture, and sustainable development are recognised and widely understood, and identify and overcome barriers to the behaviour change that is required for a step change in humanity’s relationship with the ocean.
	*Protection and management of cultural heritage is lacking
· There is a need to understand how to protect cultural artefacts.
*The significance of various levels of practices belief systems, faiths that are used to uphold ethical relationships with nature is lacking and needs to be identified. 
	· Emphasize the role of ocean science in providing a multi-disciplinary research which combines biological, sociological, and cultural approaches to inform policy making process on the value of cultural services in sustaining ecosystems health.
· Management of land-sea interactions in coastal zones  must include customary systems into the evolving policy and legal management frameworks.
· Identify and harmonise perceptions on cultural ecosystems services from different stakeholders for management.
· Integrate the various levels of practices, believes faiths that are used to uphold ethical relationships with nature into the ecosystems management.
· Upscale local capacity building for management, planning and monitoring of natural and cultural heritage, among heritage managers and local communities assigned to monitor the conservation of archaeological sites.
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	Ocean Decade Challenges
	Components
	Weighted Av. of scores
	Capacity Development
	Partnership
	Science/
knowledge
	Resource mobilisation
	Tech. Innovation

	
	
	
	3.26
	3.21
	3.19
	3.13
	3

	1
	1.1 Marine litter and Microplastics
	3.236
	3.13
	10.5
	10.4
	10.3
	10.1
	9.7

	
	1.2 Oil Spills/chemicals
	3.23
	
	10.5
	10.4
	10.3
	10.1
	9.7

	
	1.3 Eutrophication
	2.858
	
	9.3
	9.2
	9.1
	8.9
	8.6

	
	1.4 Identifying potential hotspots that are particularly exposed to the impacts of several stressors and propose possible solutions
	3.178
	
	10.4
	10.2
	10.1
	9.9
	9.5

	2
	2.1 Understanding and using knowledge about what constitutes a healthy and resilient marine ecosystem.
	3.116
	3.02
	10.2
	10.0
	9.9
	9.8
	9.3

	
	2.2 Understanding and managing the linkages between ecosystem services and people that are highly dependent on them
	3.178
	
	10.4
	10.2
	10.1
	9.9
	9.5

	
	2.3 Developing the breadth of governance approaches relevant and needed to ensure healthy and resilient marine systems.
	2.864
	
	9.3
	9.2
	9.1
	9.0
	8.6

	
	2.4 Identifying the origin of invasive or exotic species and pathways of invasion, the environmental conditions conducive to invasion, and ….
	2.904
	
	9.5
	9.3
	9.3
	9.1
	8.7

	3
	3.1 Unsustainable exploitation of resources
	3.126
	3.17
	10.2
	10.0
	10.0
	9.8
	9.4

	
	3.2 Climate variability and change and effects on marine ecosystem
	3.29
	
	10.7
	10.6
	10.5
	10.3
	9.9

	
	3.3 Other anthropogenic impacts on marine ecosystem
	3.104
	
	10.1
	10.0
	9.9
	9.7
	9.3

	4
	4.1 Data & Observations- Data collection, quality, management, ownership and accessibility
	3.55
	3.28
	11.6
	11.4
	11.3
	11.1
	10.7

	
	4.2 Research/Modeling
	3.55
	
	11.6
	11.4
	11.3
	11.1
	10.7

	
	4.3 Ineffective Governance
	2.878
	
	9.4
	9.2
	9.2
	9.0
	8.6

	
	4.4 Evaluation of environmental change scenarios to provide insight into the impacts of future socioeconomic development pathways, policy op
	3.14
	
	10.2
	10.1
	10.0
	9.8
	9.4

	5
	5.1 Develop tools for numerical modeling, forecasting, indicators and definition of trends/changes in environmental conditions and long-term
	3.266
	3.28
	10.6
	10.5
	10.4
	10.2
	9.8

	
	5.2 Implement climate change downscaling models in specific ocean basins and assessment of impacts on marine ecosystems.
	3.212
	
	10.5
	10.3
	10.2
	10.1
	9.6

	
	5.3 Intensify modeling of meteorological, oceanographic, and climate processes at local and regional scales and for different time scales.
	3.348
	
	10.9
	10.7
	10.7
	10.5
	10.0




	Ocean Decade Challenges
	Components
	Weighted Av. of scores
	Capacity Development
	Partnership
	Science/
knowledge
	Resource mobilisation
	Tech. Innovation

	
	
	
	3.26
	3.21
	3.19
	3.13
	3

	6
	6.1 Inadequate ocean management system
	3.014
	3.11
	9.8
	9.7
	9.6
	9.4
	9.0

	
	6.2 Study extreme events (e.g. tsunamis, cyclones and swells) by developing coupled sea-atmosphere models.
	3.2
	
	10.4
	10.3
	10.2
	10.0
	9.6

	
	6.3 Conduct a comprehensive assessment of climate-related risks, including extreme weather events in a changing climate, sea level rise, tem
	3.12
	
	10.2
	10.0
	10.0
	9.8
	9.4

	7
	7.1 Lack of common platform for data sharing; Incompatible metadata formats; Incompatible data (data existing in printed format/file type)
	3.354
	3.17
	10.9
	10.8
	10.7
	10.5
	10.1

	
	7.2 Technical incapability and inadequate resources to hire and retain staff/buy equipment etc.
	3.038
	
	9.9
	9.8
	9.7
	9.5
	9.1

	
	7.3 Develop operational platforms and a decision matrix to address natural ocean events
	3.108
	
	10.1
	10.0
	9.9
	9.7
	9.3

	8
	8.1 Research/Modeling
	3.278
	3.13
	10.7
	10.5
	10.5
	10.3
	9.8

	
	8.2 Implement coordinated methods and approaches to establish a network dedicated to hazard science and policy.
	2.988
	
	9.7
	9.6
	9.5
	9.4
	9.0

	
	8.3 Develop environmental decision support systems to support policy strategies, including adaptation and mitigation, to preserve the socio….
	3.116
	
	10.2
	10.0
	9.9
	9.8
	9.3

	9
	9.1 Assessment of the current status of capacity in the region required.
	2.718
	3.06
	8.9
	8.7
	8.7
	8.5
	8.2

	
	9.2 Platform should be developed to facilitate the sharing of infrastructure and optimizing their use.
	3.066
	
	10.0
	9.8
	9.8
	9.6
	9.2

	
	9.3 Establishment of state-of-the-art regional research facilities that can be supported by regional and international organizations.
	3.386
	
	11.0
	10.9
	10.8
	10.6
	10.2

	10
	10.1 Improved ocean literacy and better communication to get the support of the population and the leaders in addressing ocean related issue
	3.4
	3.28
	11.1
	10.9
	10.8
	10.6
	10.2

	
	10.2 Empower scientists with skills and tools to enable them to analyse and interpret the large amounts of data sets available in the region
	3.542
	
	11.5
	11.4
	11.3
	11.1
	10.6

	
	10.3 The African Day of Oceans and Seas (25 July) and the Decade of African Oceans and Seas (2015-2025) declared by the African Union should
	2.974
	
	9.7
	9.5
	9.5
	9.3
	8.9

	
	10.4 Develop, improve, and provide user-friendly tools for the dissemination of climate information related to coastal, and oceanic areas.
	3.214
	
	10.5
	10.3
	10.3
	10.1
	9.6




ODC 1	ODC 2	ODC 3	ODC 4	ODC 5	ODC 6	ODC 7	ODC 8	ODC 9	ODC 10	3.1255000000000002	3.0154999999999998	3.1733333333333329	3.2795000000000001	3.2753333333333341	3.111333333333334	3.1666666666666661	3.1273333333333331	3.0566666666666671	3.2825000000000002	


Total	Capacity Development	Partnership to support science and capacity development	Science/Knowledge	Resource mobilization	Degree of technological innovation	3.2517647058823531	3.211764705882354	3.202941176470588	3.1708823529411769	2.9779411764705892	
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