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INTRODUCTION

The UN declared the 2021–2030 as the Decade of Ocean Science for Sustainable Development
(OceanDecade). TheOceanDecade’s vision is to “develop scientific knowledge, build infrastructure
and foster relationships for a sustainable and healthy ocean.” The Ocean Decade aims to achieve
six societal outcomes: (1) A clean ocean, through identifying and removing sources of pollution;
(2) A healthy and resilient ocean, with mapped and protected marine ecosystems; (3) A predicted
ocean, enabling society to understand current and future ocean conditions; (4) A safe ocean,
protecting people from ocean hazards; (5) A sustainably harvested ocean, providing food and
resources for the blue economy; and (6) A transparent ocean, giving citizens equitable access to
data, information and technologies. It also aims to provide concrete scientific support to coastal
management, adaptation and restoration, marine spatial planning, marine protected areas, fisheries
management, sustainable expansion of the blue economy, nationally determined contributions
to the United Nations Framework Convention on Climate Change (UNFCCC), national ocean
policies, development of national Research and Development (R&D), capacity development, and
early warning systems.

The Ocean Decade offers the ocean science community a unique opportunity to change the way
we support sustainable development and galvanize ocean sciences for the future (Ryabinin et al.,
2019). In addition, the UN Decade for Ecosystem Restoration (2021–2030), gives the ocean science
community an imperative to work toward a sustainable future for the ocean.

We challenge the marine ecosystem modeling community to address how we: (i) enable
ocean managers and decision-makers to use our science, (ii) communicate our science, and most
importantly (iii) ensure co-design of our science to achieve sustainable development. For this,
we define ecosystem models as those that span physical and human drivers of change in the full
ecosystem from plankton to top predators.
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WHAT IS NEEDED TO ACHIEVE THE
GOALS OF THE OCEAN DECADE?

Ryabinin et al. (2019) suggested seven research and development
priority areas for theOceanDecade. For each of these, we indicate
how ecosystem models can benefit from the data products
generated and propose how these models can address the Ocean
Decade priorities.

1. A full map of the ocean (or georeferenced digital atlas)
is needed for ecosystem models to address sustainable ocean
use and operational marine spatial planning (MSP). Well-
parameterized ecosystem models can contribute by providing
estimates of biological and ecosystem variables in areas hard
to observe or with low spatio-temporal coverage, and provide
non-measurable information (e.g., flow of ecosystem services)
consistent with existing knowledge and ecological principles. The
work by the MSP Challenge gives direction (Steenbeek et al.,
2020), but there is a more comprehensive ecosystem modeling
ensemble should support this work (see below).

2. A comprehensive Ocean Observing System (OOS) should
include observations of biology at the appropriate temporal
and spatial scales (Miloslavich et al., 2018; Claudet et al., 2019;
Mackenzie et al., 2019). Currently, OOSs provide some of the
essential physical, chemical and biological data to parameterize
models, which are combined into databases such as the European
Union’s Earth Observation Programme “Copernicus,” where
they are re-analyzed to provide free and open information
on the physical and biogeochemical state of the ocean.
However, not all regions of the world or types of data are
equally represented. Physical and chemical parameters are better
represented in the northern hemisphere while in the south the
frequency of observations generally is insufficient to achieve well-
calibrated physico-chemical models (López-Ballesteros et al.,
2018). Biological observations and data are much less prevalent
(Miloslavich et al., 2018), since very little R&D or funding has
gone into observing biology, and with the lack of taxonomists
globally, this priority will be difficult to achieve (Pinheiro et al.,
2019). Data collection could be enhanced if more ocean transport
undertakes physical, chemical and biological observations, as
is done by Ships of Opportunity. In addition, for the OOS to
be used in operational models, observations of industrial uses,
human behavior, social change and economy should be included
(Miloslavich et al., 2018; Bax et al., 2019; Jouffray et al., 2020).
This will comewith substantial (but surmountable) challenges for
how to store, organize, integrate and distribute such data (Guidi
et al., 2020).

3. A quantitative understanding of the ocean structure and
functioning is imperative for management of ecosystems. This
priority encapsulates the need for observations of the full
ecosystem, and is important for achieving the societal goal of
predicting the ocean (Claudet et al., 2019). This priority is where
the ecosystem modeling community can contribute the most
through an ensemble of possibly coupled ecosystem models,
each with its own properties and uncertainties (Heymans et al.,
2018; Lotze et al., 2019). Marine ecosystem models span a highly
diverse range of approaches, which between them capture much

uncertainty about marine ecosystem structure and function. We
must make best use of that diversity. This is happening to some
extent through European projects (Piroddi et al., 2017; Serpetti
et al., 2017; Spence et al., 2018) and in international initiatives
such as Fish-MIP (Lotze et al., 2019) that are already informing
management. However, these initiatives should be extended to
marine ecosystems globally and at local, regional and global
scales. Marine ecosystem modeling has started to embrace new
technological data and advances such as eDNA, metabarcoding,
Big Data, machine learning and Artificial Intelligence (Guidi
et al., 2020)—a trend with great potential. To be fully operational,
themodels must be validated in real time and should continue the
expanding inclusion of diverse modeling approaches (Coll et al.,
2019).

4. A fully open data and information system will enable the
futuristic vision put forward in the epilogue of Navigating the
Future V (EMB, 2019), of a virtual ocean or “digital twin,”
where citizens can follow the ocean in real time. This will
require a much more in-depth understanding of the structure
and function of marine ecosystems and their connected human
systems. For both, we will need better integrated databases, and
for the latter, new data streams. Data richness and accessibility
could be improved if all databases were linked to those developed
for ocean-related activities such as fisheries, energy industries
and shipping. The recovery of data into an open system
would provide the information needed to drive an ensemble of
ecosystem models and may revolutionize the ability of modelers
to make priority 3 a reality. In addition, ecosystem models
applied across the world can highlight the data gaps that need
to be addressed to sustainably use the ocean. Ecosystem models
can identify the parameters with the biggest impact on key
management questions, and point to the efficient use of funding
for future ocean observations, as has been done with physical
models and ARGO floats (Wang et al., 2018).

5. A fully integrated Multi-Hazard Warning System will be
enhanced by the ability of the ensemble of ecosystem models
to predict possible impacts from a specific hazard and from
multiple hazards. For instance, current ecosystemmodels already
address possible impacts of climate change on species’ habitats
and food web interactions (Spence et al., 2018; Lotze et al.,
2019) and are considering evolution and acclimation (Fulton
et al., 2019). However, there is significant scope for expansion
and refinement of a more comprehensive ensemble of ecosystem
models to provide more reliable predictions of future impacts.
This is currently being undertaken by the Joint Research Centre
of the European Commission under the Blue2 Project and
Marine Modeling Framework (Stips et al., 2015), which uses
a pan-European ensemble of ecosystem models to assess the
impact of selected EU policies (Macias et al., 2019). This approach
needs to be undertaken comprehensively across the globe. In
addition, possible impacts from storms or high temperature
events on coastal ecosystems could be addressed through full
end-to-end interdisciplinary models, as is already done by
assemblages of models informing Louisiana’s Coastal Master
Plan, the restoration of the Mississippi River Delta (De Mutsert
et al., 2017; Baustian et al., 2018), the Baltic Sea (Niiranen et al.,
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2013) and the Great Barrier Reef, making this priority achievable
in the Ocean Decade.

6. The Ocean and Earth-System Observation, Research and
specifically Prediction of the future state of the ocean will
require ecosystem models to include a broader set of industries
and human behavior, including social change, requiring social

and economic data (Ryabinin et al., 2019). This challenging
frontier is being tackled to some extent in ecosystem models
that are co-designed for fisheries management (Bentley et al.,
2019a,b,c), coastal planning (Fulton et al., 2017) and in initiatives
linking ecosystem and economic models (Weatherdon et al.,
2016). However, these are rare and currently only a small subset

FIGURE 1 | Cartograms* depicting (A) Number of ocean science publications by country (from Figure 5.2 in IOC-UNESCO Global Ocean Science Report under the

license: CC BY-NC-SA 3.0 IGO) and (B) indicative number of ecosystem modelers per country based on the author’s networks and knowledge. * In these cartograms

the countries are deformed and rescaled in proportion to their relative research production by (A) Publication and (B) Percentage of ecosystem modelers.
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of physical-biogeochemical-ecological-social model assemblages
make predictions in two directions; i.e., driven by physical
changes but also driven by social changes, with feedback through
the assemblage to the physics or chemistry. This important
research gap is also highlighted by Claudet et al. (2019).

Ryabinin et al. (2019) suggest that activities in coastal seas
are becoming more interdependent, and suggest that they
require real-time decision-making and anticipatory planning.
Unfortunately, models with sufficient scope (across scales and
ecosystem components) cannot currently support this in real
time, though near real-time physical-biogeochemical models are
now becoming more common. Development versions of models
with sufficient scope and resolution do exist, but still require
refinement to address constraining computing capacity (which
could be addressed by new morphing model approaches Gray
and Wotherspoon, 2012 or larger computing infrastructure).
Such models are also significantly constrained by the lack of
suitable data (especially reliable and instantly accessible data)
and other relevant information (see priority 5). Ryabinin et al.
(2019) also suggest that the Ocean Decade might engage the
unconnectedmodeling groups and industries to design themulti-
scale ocean observation and prediction system of the future.
This would be ideal and will be assisted by the ecosystem
modeling community’s historical openness to working together,
embracing a diversity of approaches and not being drawn into
unproductive “my model is better than yours” mantras that
competitive funding can unintentionally incentivize.

7. Capacity Building, Accelerated Technology Transfer,
Training, Education, and Ocean Literacy will be imperative to
the success of the Ocean Decade (Claudet et al., 2019). To meet
the capacity shortfall already felt globally by bodies attempting
to deliver sustainable ocean use, this capacity development
requirement needs to be taken on board by the ocean modeling
community, supported by funders. To obtain the widespread
use of ecosystem models (and its products) to deliver new
kinds of modeling and the model ensembles suggested above,
we will need many more modeling-literate scientists, managers
and users. However, as the cartogram in the IOC/UNESCO
Global Ocean Science Report (IOC-UNESCO, 2017) shows, there
is a very significant problem with the distribution of general
science capacity across the world (Figure 1A), which is even
more desperate if we look at a cartogram of the ecosystem
modeling capacity (Figure 1B). Therefore, a concerted effort to
train more modelers, and to make models more understandable
to all scientists, managers and policy makers is of the utmost
importance (Fulton et al., 2015).

DISCUSSION

The Ocean Decade starts in 2021. Its scope is necessarily
ambitious and requires cooperation, collaboration and a

common vision among researchers from all disciplines,
policy, management, stakeholders and the public. This
includes ecosystem modelers. As an essential component of
the Ocean Decade, how can we do our part to address the
priorities to conserve and sustainably use the ocean and its
resources to help ensure its success? Questions we need to
address include:

i To connect to policy and management, how do we:
- Improve (and explain) our models to enhance policy makers’
confidence in the models and their predictions?

- Make models ready-to-use for managers?
- Deal with and communicate uncertainty?
ii To include the technical advances needed, how do we:
- Effectively couple models to better capture reality?
- Deal with multiple spatio-temporal scales, given that some of
our drivers are local, while others are regional or even global?

iii To enhance research and modeling capacity, how do we:
- Build the capacity required, and determine where it is needed?
- Better engage with and co-design our models with a broader
set of knowledge holders, whether industry, the Ocean
Observation community, traditional owners/indigenous
communities, and policy and decision makers?

- Work together to achieve the ensemble of well-parameterized,
calibrated and validated ecosystem models needed to address
the questions asked of us in the Ocean Decade?

We therefore challenge all ecosystem modelers to achieve a
fully operational ensemble of ecosystem models for all marine
ecosystems and the global ocean by the end of the Ocean Decade.
We believe that if we work together, we can.

AUTHOR CONTRIBUTIONS

JH conceived and lead the study. AB, VC, MC, KM, EF, CP, Y-JS,
JS, and MT-T contributed to the ideas and discussion. JS created
Figure 1B. All authors contributed to the article and approved
the submitted version.

FUNDING

Y-jS and MT-T have been partially funded by the Biodiversa and
Belmont Forum project SOMBEE (BiodivScen programme, ANR
contract N◦ANR-18-EBI4-0003-01). MC and JS were funded by
the European Union’s Horizon 2020 research and innovation
programme under grant agreement N◦ 817578 (TRIATLAS
project) and MC also received funding from the European
Union’s Horizon 2020 research and innovation programme
under grant agreement N◦ 869300 (FutureMARES project). VC
acknowledges support through NSERCDiscovery Grant RGPIN-
2019-04901.

REFERENCES

Baustian, M. M., Meselhe, E., Jung, H., Sadid, K., Duke-Sylvester, S. M.,
Visser, J. M., et al. (2018). Development of an Integrated Biophysical
Model to represent morphological and ecological processes in a changing

deltaic and coastal ecosystem. Environ. Model. Softw. 109, 402–419.
doi: 10.1016/j.envsoft.2018.05.019

Bax, N. J., Miloslavich, P., Muller-Karger, F. E., Allain, V., Appeltans, W., Batten, S.
D., et al. (2019). A response to scientific and societal needs for marine biological
observations. Front. Mar. Sci. 6:395. doi: 10.3389/fmars.2019.00395

Frontiers in Marine Science | www.frontiersin.org 4 September 2020 | Volume 7 | Article 554573

https://doi.org/10.1016/j.envsoft.2018.05.019
https://doi.org/10.3389/fmars.2019.00395
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles


Heymans et al. Ocean Decade Ecosystem Modeling Challenge

Bentley, J. W., Hines, D., Borrett, S., Serpetti, N., Fox, C., Reid, D.
G., et al. (2019b). Diet uncertainty analysis strengthens model-derived
indicators of food web structure and function. Ecol. Indic. 98, 239–250.
doi: 10.1016/j.ecolind.2018.11.008

Bentley, J. W., Hines, D. E., Borrett, S. R., Serpetti, N., Hernandez-Milian, G.,
Fox, C., et al. (2019a). Combining scientific and fishers’ knowledge to co-create
indicators of food web structure and function. ICES J. Mar. Sci. 76, 2218–2234.
doi: 10.1093/icesjms/fsz121

Bentley, J. W., Serpetti, N., Fox, C., Heymans, J. J., and Reid, D. G. (2019c). Fishers’
knowledge improves the accuracy of food web model predictions. ICES J. Mar.

Sci. 76, 897–912. doi: 10.1093/icesjms/fsz003
Claudet, J., Bopp, L., Cheung,W.W. L., Devillers, R., Escobar-Briones, E., Haugan,

P., et al. (2019). A roadmap for using the UN decade of ocean science for
sustainable development in support of science, policy, and action. One Earth
2, 34–42. doi: 10.1016/j.oneear.2019.10.012

Coll, M., Grazia Pennino, M., Steenbeek, J., Sole, J., and Bellido, J. M.
(2019). Predicting marine species distributions: complementarity of food-web
and Bayesian hierarchical modelling approaches. Ecol. Modell. 405, 86–101.
doi: 10.1016/j.ecolmodel.2019.05.005

De Mutsert, K., Lewis, K. A., Milroy, S., Buszowski, J., and Steenbeek, J. (2017).
Using ecosystemmodeling to evaluate trade-offs in coastal management: effects
of large-scale river diversions on fish and fisheries. Ecol. Modell. 360, 14–26.
doi: 10.1016/j.ecolmodel.2017.06.029

EMB (2019). “Navigating the Future V: Marine Science for a Sustainable Future.”
in European Marine Board Position Paper No. 24, ed. J. J. Heymans (Oostende:
European Marine Board), 89.

Fulton, E. A., Blanchard, J. L., Melbourne-Thomas, J., Plagányi, É. E., and Tulloch,
V. J. D. (2019). Where the ecological gaps remain, a modelers’ perspective.
Front. Ecol. Evol. 7:424. doi: 10.3389/fevo.2019.00424

Fulton, E. A., Boschetti, F., Sporcic, M., Jones, T., Little, L. R., Dambacher,
J. M., et al. (2015). A multi-model approach to engaging stakeholder and
modellers in complex environmental problems. Environ. Sci. Policy 48, 44–56.
doi: 10.1016/j.envsci.2014.12.006

Fulton, E. A., T., Hutton, T., van Putten, I. E., Lozano-Montes, H., and Gorton, R.
(2017). Gladstone Atlantis Model – Implementation and Initial Results. Report
to the Gladstone Healthy Harbour Partnership. CSIRO, 167.

Gray, R., and Wotherspoon, S. (2012). Increasing model efficiency by dynamically
changing model representations. Environ. Model. Softw. 30, 115–122.
doi: 10.1016/j.envsoft.2011.08.012

Guidi, L., Fernandez Guerra, A., Canchaya,C., Curry, E., Foglini, F., Irisson, J-O.,
et al. (2020). “Big Data in Marine Science.” In European Marine Board Future

Science Brief No 6, eds B. Alexander, J. J. Heymans, A. Muñiz Piniella, P. Kellett,
and J. Coopman (Oostende: European Marine Board), 1–50.

Heymans, J. J., Skogen, M., Schrum, C., and Solidoro, C. (2018). “Enhancing
Europe’s capability in marine ecosystem modelling for societal benefit,” in
EuropeanMarine Board Future Science Brief No 4, eds K. E. Larkin, J. Coopman,
A. Muñiz Piniella, P. Kellett, C. Simon, and C. Rundt (Oostende: European
Marine Board), 32.

IOC-UNESCO (2017). Global Ocean Science Report - the Current Status of Ocean

Science Around The World, eds L. Valdés L, K. Isensee, A. Cembella, A. C.
Santimaria, M. Crago, L. Horn (Paris: IOC-UNESCO).

Jouffray, J.-B., Blasiak, R., Norström, A. V., and Österblom, H., and Nyström, M.
(2020). The blue acceleration: the trajectory of human expansion into the ocean.
One Earth 2, 43–54. doi: 10.1016/j.oneear.2019.12.016

López-Ballesteros, A., Beck, J., Bombelli, J., Grieco, E., Lorencová E. K., Merbold,
M., et al. (2018). Towards a feasible and representative pan-African research
inftrastructure network for GHG observations. Environ. Res. Lett. 13:085003.
doi: 10.1088/1748-9326/aad66c

Lotze, H. K., Tittensor, D. P., Bryndum-Buchholz, A., Eddy, T. D., Cheung, W. W.
L., Galbraith, E. D., et al. (2019). Global ensemble projections reveal trophic
amplification of ocean biomass declines with climate change. Proc. Nat. Acad.
Sci. U.S.A. 16, 12907–12912. doi: 10.1073/pnas.1900194116

Macias, D., Friedland, R., Piroddi, C., Miladinova, S., Parn, O., Garcia-Gorriz,
E., et al. (2019). Report on the Fourth Workshop of the Network of Experts for

Redeveloping Models of the European Marine Environment. Publications Office
of the European Union, JRC Reports, Luxembourg.

Mackenzie, B., Celliers, L., de. Freitas Assad, L. P., F., Heymans, J. J.,
Rome, N., Thomas, J., et al. (2019). The role of stakeholders in creating
societal value from coastal and ocean observations. Front. Mar. Sci. 6:137.
doi: 10.3389/fmars.2019.00137

Miloslavich, P., Nicholas, J. B., Simmons, S. E., Klein, E., Appeltans, W., Aburto-
Oropeza, O., et al. (2018). Essential ocean variables for global sustained
observations of biodiversity and ecosystem changes. Glob. Chang. Biol. 24,
2416–2433. doi: 10.1111/gcb.14108

Niiranen, S., Yletyinen, J., Tomczak, M. T., Blenckner, T., Hjerne, O., MacKenzie,
B. R., et al. (2013). Combined effects of global climate change and regional
ecosystem drivers on an exploited marine food web. Glob. Chang. Biol. 19,
3327–3342. doi: 10.1111/gcb.12309

Pinheiro, H. T., Moreau, C. S., Daly, M., and Rocha, L. A. (2019).
Will DNA barcoding meet taxonomic needs? Science 365:873.
doi: 10.1126/science.aay7174

Piroddi, C., Coll, M., Liquete, C., Macias, D., Greer, K., Buszowski, J., et al. (2017).
Historical changes of the Mediterranean Sea ecosystem: modelling the role and
impact of primary productivity and fisheries changes over time. Nat. Sci. Rep.
7:44491. doi: 10.1038/srep44491

Ryabinin, V., Barbière, J., Haugan, P., Kullenberg, G., Smith, N., McLean, C., et al.
(2019). The UN decade of ocean science for sustainable development. Front.
Mar. Sci. 6:470. doi: 10.3389/fmars.2019.00470

Serpetti, N., Baudron, A. R., Burrows, M. T., Payne, B. L., Helaouët, P.,
Fernandes, P. G., et al. (2017). Impact of ocean warming on sustainable
fisheries management informs the ecosystem approach to fisheries. Nat. Sci.
Rep. 7:13438. doi: 10.1038/s41598-017-13220-7

Spence, M. A., Blanchard, J. L., Rossberg, A. A., Heath, M. R., Heymans,
J. J., Mackinson, S., et al. (2018). A general framework for combining
ecosystem models. Fish Fish. 19, 1031–1042. doi: 10.1111/faf.
12310

Steenbeek, J., Romagnoni, G., Bentley, J., Heymans, J. J., Serpetti, N., Gonçalves,
M., et al. (2020). Combining ecosystem modelling with serious gaming
in support of transboundary maritime spatial planning. Ecol. Soc. 25:21.
doi: 10.5751/ES-11580-250221

Stips, A., Dowell, M., Somma, F., Coughlan, C., Piroddi, C., Bouraoui, F.,
et al. (2015). Towards an Integrated Water Modelling Toolbox. JRC Technical
Reports, JRC. ISPRA.

Wang, T., Gille, S. T., Mazloff, M. R., Zilberman, N. V., and Du, Y. (2018).
Numerical simulations to project argo float positions in the middepth and
deep southwest pacific. J. Atmos. Oceanic Technol. Technol. 35, 1425–1440.
doi: 10.1175/JTECH-D-17-0214.1

Weatherdon, L. V., Magnan, A. K., Rogers, A. D., Sumaila, U. R., and
Cheung, W. W. L. (2016). Observed and projected impacts of climate
change on marine fisheries, aquaculture, coastal tourism, and human
health: an update. Front. Mar. Sci. 3:48. doi: 10.3389/fmars.2016.
00048

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Heymans, Bundy, Christensen, Coll, de Mutsert, Fulton, Piroddi,

Shin, Steenbeek and Travers-Trolet. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Marine Science | www.frontiersin.org 5 September 2020 | Volume 7 | Article 554573

https://doi.org/10.1016/j.ecolind.2018.11.008
https://doi.org/10.1093/icesjms/fsz121
https://doi.org/10.1093/icesjms/fsz003
https://doi.org/10.1016/j.oneear.2019.10.012
https://doi.org/10.1016/j.ecolmodel.2019.05.005
https://doi.org/10.1016/j.ecolmodel.2017.06.029
https://doi.org/10.3389/fevo.2019.00424
https://doi.org/10.1016/j.envsci.2014.12.006
https://doi.org/10.1016/j.envsoft.2011.08.012
https://doi.org/10.1016/j.oneear.2019.12.016
https://doi.org/10.1088/1748-9326/aad66c
https://doi.org/10.1073/pnas.1900194116
https://doi.org/10.3389/fmars.2019.00137
https://doi.org/10.1111/gcb.14108
https://doi.org/10.1111/gcb.12309
https://doi.org/10.1126/science.aay7174
https://doi.org/10.1038/srep44491
https://doi.org/10.3389/fmars.2019.00470
https://doi.org/10.1038/s41598-017-13220-7
https://doi.org/10.1111/faf.12310
https://doi.org/10.5751/ES-11580-250221
https://doi.org/10.1175/JTECH-D-17-0214.1
https://doi.org/10.3389/fmars.2016.00048
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/marine-science#articles

	The Ocean Decade: A True Ecosystem Modeling Challenge
	Introduction
	What is Needed to Achieve the Goals of The Ocean Decade?
	Discussion
	Author Contributions
	Funding
	References


