IMBeR 3.0 Science Plan
Themes and Implementation Framework Overview

IMBeR is a Large-Scale Ocean Research Project under SCOR and a Global
Research Network under Future Earth. In 2005, IMBER published the first decadal
Science Plan and Implementation Strategy, which focused on biogeochemical cycles and
food webs, sensitivity of blue food to global change, ocean feedbacks to the Earth
system. In 2016, IMBER started the second decadal Science Plan and Implementation
Strategy, which aimed to understand and quantify the state and variability of marine
ecosystem, improve scenarios, predictions and projections of future ocean-human
systems at multiple scales, and achieve sustainable ocean governance. Over the past two
decades, IMBeR has undergone a major conceptual evolution, moving from a
predominantly natural-science focus toward an integrated natural-social science
framework that links fundamental understanding with practical application. In parallel, it
has developed into an extensive international scientific network, engaging more than
6,000 scientists and supported by national contacts across 48 countries. During this
period, IMBeR has made substantial contributions to capacity development for early-
career researchers and has initiated and coordinated a wide range of regional

collaborative projects.

In 2025, the IMBeR Scientific Steering Committee, together with more than 100
scientists from across its international network, convened the Future Oceans 3 workshop
in Shanghai. The workshop reviewed IMBeR’s scientific achievements and institutional
development over the preceding two decades and, in light of emerging challenges and
advances in marine science, identified six priority areas to guide its future science and

implementation agenda:

1. The land—ocean—climate nexus. Marine ecosystems are increasingly exposed not
only to chronic environmental changes—including warming, sea-level rise, acidification,
deoxygenation—but also to more frequent and intense episodic extremes, such as marine
heatwaves, typhoons, floods, and droughts. Meanwhile, anthropogenic pressures,
including pollution, eutrophication, coastal development, resource overexploitation, and

expanding blue-economy activities, interact with climate change to reshape marine



habitats, species distributions, food webs, and biogeochemical cycles. These interacting
pressures are particularly acute across the land—coast—ocean continuum. It is urgent to
build up the measurable indicators, climate-adaptive restoration strategies, and actionable

governance solutions for society.

3. Blue carbon and marine carbon dioxide removal (mCDR). The concept of blue
carbon should be expanded beyond photosynthetic pathways to include carbon burial in
marine sediments. Research should also assess the unintended consequences, durability,

and long-term effectiveness of mCDR interventions.

4. Connecting the regional programmes. IMBeR should convene theme-focused
activities that connect data generators with modellers and strengthen collaboration with
FishMIP and the Earth system modelling community. This effort should begin with a

comprehensive inventory of the datasets generated and used by each programme.

5. A methodological laboratory. IMBeR should serve as a hub for developing
genuinely integrated interdisciplinary methodologies rather than simply combining
existing tools. Priorities should include Al-assisted synthesis of evidence from the natural

and social sciences.

6. Blue food-system transitions. Stakeholder and governance analysis should be
placed at the centre of modelling, with climate finance, political regionalisation, and the

blue economy recognised as increasingly important drivers of future transitions.

Building on this foundation, the IMBeR International Project Office (IPO) carried
out extensive academic questionnaire surveys and data collection. Following multiple
rounds of discussion on priority research areas, the IMBeR Scientific Steering Committee
proposed three research themes for the next decade, along with a platform development

plan.

Theme 1: Ecosystem Resilience in a Rapidly Changing Ocean

Since the Industrial Revolution, the ocean has absorbed the vast majority of the
excess heat accumulated in the Earth system. Consequently, marine ecosystems are
increasingly exposed not only to chronic environmental changes—including warming,

sea-level rise, acidification, deoxygenation—but also to more frequent and intense



episodic extremes, such as marine heatwaves, typhoons, floods, and droughts.
Meanwhile, anthropogenic pressures, including pollution, eutrophication, coastal
development, resource overexploitation, and expanding blue-economy activities, interact
with climate change to reshape marine habitats, species distributions, food webs, and
biogeochemical cycles. These interacting pressures are particularly acute across the land—
coast—ocean continuum. Understanding, quantifying, predicting, and strengthening the
resilience of coastal ecosystems under three interacting pressures—long-term
environmental change, intensifying climate extremes, and escalating human activities—is
therefore a critical scientific and societal priority. Equally important is translating this
knowledge into robust and measurable indicators, climate-adaptive restoration strategies,

and actionable governance solutions.

Four urgent scientific questions must be addressed: (1) How does long-term
environmental change modify ecosystem resilience and the likelihood of regime shifts?
(2) How do episodic extremes interact with chronic environmental change to shape
ecosystem vulnerability, resistance, recovery, and long-term trajectories? (3) Which
observation-based indicators can reliably quantify resilience, exposure, vulnerability, and
impacts, thereby supporting climate-risk assessment across future scenarios? (4) How can
ecosystem resilience science be translated into effective governance, climate-adaptive
restoration, and locally appropriate action? Through its extensive international scientific
network, IMBeR is well positioned to develop a comparative, cross-ecosystem
framework for climate adaptation from regional to global scales. By integrating
observations, experiments, modelling, and knowledge from the natural and social
sciences, IMBeR can help transform ecosystem resilience science into practical decision
support and place-based action. It can also build a portfolio of science—policy—society
demonstration cases and develop governance models that are transferable across regions

while remaining responsive to local ecological and socioeconomic contexts.
Theme 2: Blue Food Transitions

Blue foods (derived from capture and aquaculture systems) are fundamental to the
nutritional security, livelihoods, and well-being of billions of people, yet remain poorly

recognized in ongoing discussions about the global ocean-climate-biodiversity nexus.



Theme 2 examines how local-global blue food systems (e.g., fisheries, aquaculture and
mariculture) can transition to deliver equitable food security, livelihoods and ecosystem
resilience while navigating climate-driven ocean change, biodiversity loss, and
competing ocean uses. Achieving sustainable ocean outcomes requires a robust evidence-
base and recognition of key knowledge gaps including, for example, the impact of
physical, biogeochemical and ecological ocean changes on blue foods, how emerging
ecological (and social) systems thresholds and tipping points in our oceans will effect
blue food outcomes, how to navigate trade-offs (and support co-benefits) among food,
climate mitigation and biodiversity objectives, and the plural visions and scenarios
needed for integrated assessment and governance change. IMBeR is particularly well-
poised to advance a novel emphasis on blue food transitions that are comprehensively
situated in ocean-wide biogeochemical science, and integrated assessments and
modelling of rapidly emerging ocean interventions that may alter the physical, chemical
and biological composition of open ocean and nearshore coastal environments. There are
significant opportunities to extend IMBeR's research partnerships globally and
regionally, and generate high-impact science and policy advice on blue food transitions

for global assessment processes and national governments.
Theme 3: Ocean Interventions, Resilient and Just Futures

The urgency of the climate and biodiversity crises is driving a rapid expansion of
deliberate interventions in ocean systems — from marine carbon dioxide removal
approaches such as ocean alkalinity enhancement and macroalgal cultivation, to blue
carbon restoration, wider ecosystem restoration and repair efforts, expanding marine
protected areas, and emerging biodiversity finance mechanisms. The pace of
development and early deployment of these interventions is outrunning the science
needed to evaluate, priorities and govern them. Theme 3 examines how these
interventions can be designed, assessed, and governed to deliver meaningful climate and
biodiversity outcomes while avoiding perverse outcomes and ensuring equitable
distribution of risks and benefits. Achieving this requires addressing critical knowledge
gaps including, for example, the ecological risks and unintended consequences of
interventions across diverse ocean systems, the monitoring, reporting and verification

frameworks needed to underpin credible carbon and biodiversity markets, and the



governance arrangements required to ensure interventions are precautionary, adaptive,
durable and just. IMBeR is particularly well-poised to advance a novel, integrated
approach to ocean intervention science by convening researchers spanning marine
biogeochemistry, ecosystem dynamics, and social science and governance — and to
generate the high-impact science and policy advice for global assessment processes,
national governments, and emerging regulatory frameworks. There are significant
opportunities to extend IMBeR's partnerships across the marine carbon dioxide removal
governance landscape, the Kunming-Montreal Global Biodiversity Framework, and the

BBNJ Agreement.
Platform: Enabling Components for IMBeR 3.0 Implementation

IMBeR 3.0 (2027-2036) builds on the scientific networks, partnerships and experience
developed through the IMBER and IMBeR 2.0 phases. The new Science Plan identifies
three research Themes — Transformative Coastal Sustainability, Blue Food Transitions,
and Ocean Interventions, Resilience and Just Futures — which address key challenges
facing marine ecosystems and the societies that depend on them. Part II of the Science
Plan and Implementation Strategy describes the structures and processes needed to
support these scientific priorities over the next decade. Over the past two decades,
IMBeR has developed a broad international research community, including more than
6,400 contacts across 115 countries, four regional programmes, working groups, the
interdisciplinary early-career network IMECaN, endorsed projects, and a large body of
scientific outputs. IMBeR 3.0 will build on these existing assets while strengthening areas
identified as priorities for the next phase, including science—policy engagement, capacity
development, organisational continuity, and coordination of marine data and knowledge
resources. Implementation will be supported through five enabling components: science—
policy interface and research uptake; training and capacity building; organisation and
management; question-driven data coordination and stewardship; and communication and
knowledge dissemination. Together, these components will strengthen connections across
the IMBeR network, facilitate integration and synthesis across the three Themes, support
participation from regions that have been historically underrepresented, and enhance the
use of IMBeR knowledge in scientific assessments, policy processes, and marine

management.
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