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Summary 

Purpose of the document: The development of the Ocean Science 
programme of IOC is based on science in support of sustainability of ocean 
ecosystems in a changing environment according to EC-XLV/Dec.4.4. This 
document presents three science initiatives and the related Terms of 
Reference. All three initiatives represent an intensified effort to distinguish 
between natural and human-induced earth system variability though 
analysing possible impacts and consequences on certain marine 
ecosystems and marine life in general: (i) the IOC International working 
Group for Marine Time Series (IGMETS) to be continued; (ii) a new IOC 
working group to investigate Climate Change and Global Trends of 
Phytoplankton in the ocean (TrendsPO), in particular the coastal ocean; 
and (iii) a new IOC working group for the Global Ocean Oxygen Network 
(GO2NE). 

The financial and administrative implications of the activities for the period 
2016–2017 are within the framework of the approved regular programme 
and budget for IOC in the UNESCO 38/C 5 (Expected Result 4). 

The proposed decision is referenced EC-XLIX/Dec.4.1.3 in the Action 
Paper (document IOC/EC-XLIX/2 Prov.) 
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Introduction 

1. With reference to decision EC-XLV/4.4 and IOC/INF-1294 the strategic theme of the Ocean 
Science Programme (OSP) is science in support of sustainability of ocean ecosystems in a 
changing environment. 

2. This is further stressed by recent research, which shows that the biological, physical and 
chemical characteristics of the ocean vary across a range of temporal and spatial scales, and they 
are at the same time influenced by anthropogenic forcing (warming, acidification, pollution, etc.) 
Therefore the need to distinguish between natural and human-induced earth system variability 
rises, and different working groups are analyzing the possible impacts and consequences on 
certain marine ecosystems and marine life. 

3. The three initiatives proposed below will contribute to this OSP objective: 

(i) The International working Group for Marine Time Series (IGMETS) focusses on ship-
based time series globally, analyzing phyto- and zooplankton data together with 
nutrients and physical information (temperature, salinity), and couples these global 
observations with synoptic satellite data to obtain spatially distributed information. 

(ii) A new IOC working group to investigate Climate Change and Global Trends of 
Phytoplankton in the ocean, in particular the coastal ocean (TrendsPO). 

(iii) A new IOC working group within the newly established ‘Global Ocean Oxygen Network’ 
(GO2NE) as the first global initiative gathering coastal and open ocean scientists to 
highlight the threat of decreased oxygen concentration in the ocean and the impacts. 

4. Background and rationale, Terms of Reference, as well as the expected results and products 
for each initiative is addressed individually below.  

5. Terms of Reference for the three initiatives proposed cover a four-year period from 2016 to 
2020. The financial and administrative implications of the activities for the time period 2016–2017 
are within the framework of the approved regular programme and budget for IOC in the UNESCO 
38 C/5 (Expected Result 4). 

IOC International Group for Marine Ecological Time Series (IGMETS) 

Background & Rationale 

6. Ship-based time series, in particular those of long duration such as HOT, BATS, CARIACO, 
RADIALES, ESTOC, and the Western Channel Observatory, have helped resolve the 
biogeochemical variability in the ocean. The information obtained via their measurements play a 
critical role in elucidating current and future changes of marine ecosystem driven both by 
anthropogenic and natural causes. Given some of the rapid changes that have been observed in 
marine environments, repeated, consistent and sustained observations are indispensable to track 
the impacts and consequences of such changes locally and globally, especially those affecting 
ecosystem services. 

7. Individual time series are unevenly distributed across the different ocean basins and 
managed differently by each country. Collaboration between time-series is an ongoing process 
which involves individual researchers, research institutions, and governments. 

8. The establishment in 2013 of an interdisciplinary IOC working group, the International Group 
for Marine Ecological Marine Time Series (IGMETS), focusing on ship-based time series globally, 
analyzing phyto- and zooplankton together with nutrient and physical information, including 
synoptic satellite data, has offered the possibility to improve model projections and forecasts 
needed to separate human induced and natural variability in the open ocean and coastal areas. 
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9. Scientists are well aware of the wealth and variety of research possible based on analysing 
information from ship-based marine time series. The IOC technical series report, 129 ‘What are 
Marine Ecological Time Series telling us about the ocean? A status report’ to be published 
June/July 2016 and publications produced by previous projects and working groups led by 
GLOBEC, ICES and SCOR are examples for that. Nevertheless, these activities also stress the 
difficulties in harmonizing the data, digitalizing results to enhance broad accessibility, and the 
evaluation of uses. 

Proposed IOC activity 

10. IGMETS offers the opportunity to complement several observation activities in different 
programmes of IOC (e.g. IOC HAB, N-CIRP, GPNM, GOOS, and GOA-ON). As though projecting 
changing conditions in the future ocean, including nutrients and its impacts on marine 
environments are the main objectives of initiatives IOC is leading or participating in, the importance 
and complexity of ship-based time series is not addressed so far. 

11. The IOC IGMETS objectives are: 

(i) Integrate the data obtained from ship-based time series globally to improve the 
understanding of the biological pump in particular and the marine environments in 
general. To date, more than 300 sites have been identified and it is expected that the 
number will increase; 

(ii) Map the current investigations, and draft recommendations to improve and complete 
the set of parameters measured at ship-based time series sites; 

(iii) Facilitate communication between established ocean monitoring networks, observation 
systems, IOC Member States, stakeholders, policymakers in order to stimulate and 
expand the utilization of the information provided by ship-based time series in multiple 
ways; 

(iv) Promote scientific development and cooperation and identify places, where additional 
ecological time-series measurements and research is required; 

(v) Increase research capacity and knowledge transfer with regard to marine ecological 
ship-based time series observation; 

(vi) Provide support to on-going international developments such as Future Earth and the 
2030 Agenda for Sustainable Development with relevant information. 

Time Frame, Expected Products, and Terms of Reference 

12. The group require four years beyond 2016 to complete the ToRs. This will imply annual 
meetings, regular exchange via emails and online conferences.  

13. Year 1: (i) Disseminate IOC technical series, 129 “What are Marine Ecological Time Series 
telling us about the ocean? A status report”; (ii) prepare two manuscripts for peer-reviewed journals 
on the methods developed during the preparation for the IOC technical series publication 129 and 
the main findings of the IOC technical series, 129; (iii) convene a workshop to develop the outline 
of a second report: discussion and consensus on three key questions to be answered (stemming 
from the IOC technical series, 129), identify additional authors to be invited to contribute to the 
publication, prepare a detailed timeline for the production of the document; (iv) start to optimize the 
Internet representation of IGMETS, including meta-data portal, visualizer. 

14. Year 2: (i) prepare the first draft of the second IOC technical series issue, highlighting the 
importance of ship-based ecological time series. 

15. Year 3-4: (i) publish the second IOC Technical Series report led by IGMETS; (ii) prepare two 
manuscripts for peer-reviewed journals, in order to highlight the new results published in the 
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second report, in particular the importance of oxygen and stratification for the structure of the 
marine plankton community throughout the water column; (iii) prepare communication material. 

16. IGMETS Terms of Reference: 

(i) Encourage time series principal investigators, who were hesitant to contribute to IOC 
technical series, 129, to engage in and support the multiple-time-series-analysis; as 
this will also increase the value of their own measurements; 

(ii) Improve the open access platform, which allows to use the IGMETS analysis for further 
research and publication, including time-series metadata (the so-called visualizer); 

(iii) Produce a second status report following on the results published in the IOC technical 
series, 129. This report identified pressing scientific questions which require more in-
depth analysis (for example regional seasonal patterns); 

(iv) Produce peer-reviewed scientific articles which will give the opportunity to highlight the 
new methodology used in the IGMETS analyses, together with new insights obtained 
during the production of the first and second report; 

(v) Align with existing networks and activities, in particular with GOOS, JCOMM, GOA-ON, 
OBIS, IOC-HAB, GO2NE, ICES working groups, PICES, OCB, NOAA, sMARINE, 
IOCCP, and GEOBON. Mobilize communities of practice to improve collaboration; 

(vi) Develop a communication strategy to facilitate international recognition of the 
importance of ship-based ecological time series, and the information loss resulting from 
spatial and temporal gaps of measurements of already established observation sites; 

(vii) Develop a data management policy/plan for IGMETS, which includes close cooperation 
with OBIS to identify data sets available and suited for inclusion in OBIS. This strategy 
also involves close collaboration with the development of the Global Data Assembly 
Centres for ocean biogeochemistry (GDAC-OBGC) and will ensure that data generated 
by related research projects are encouraged to be archived in the IODE network of 
National Oceanographic Data Centres (NODCs), if appropriate; 

(viii) The working group will be composed of: (i) experts serving in their individual capacity, 
based on scientific merit and taking into consideration geographical and gender 
balance; (ii) a member of the IOC Secretariat. The WG will elect its Chair and Vice-
chair. 

IOC Working Group to Investigate Climate Change and Global Trends of Phytoplankton in 
the Ocean (TrendsPO) 

Background & Rationale 

17. Phytoplankton are the foundation of food webs in marine waters and hence, are important 
indicators of marine ecosystem change. Phytoplankton mediate carbon fixation, take up nutrients, 
and are a major source of organic matter in the ocean. Therefore, they are not only ecologically, 
but also biogeocemically important and relevant indicators of ocean ecosystems and 
biogeochemical cycling. 

18. However, our understanding of global change is incomplete because available observational 
data have not been adequately explored, inventoried, nor compared. Nor do we know how to 
predict the timing and direction of the next major shifts. By comparing these valuable time-series 
data, we can identify environmental and climate drivers of the changes which have become the 
subject of both research and management perspectives. Thus important scientific questions that 
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need to be addressed with regard to natural versus human-induced changes as well as climate 
change could be examined. 

19. The objectives of TrendsPO are: 

(i) Determine qualitative and quantitative indicators of phytoplankton response to 
ecosystem changes, and the characteristics of the connectivity between land and seas;  

(ii) Document and predict the phytoplankton-based responses to global climate change 
through analysis of existing time series data sets in mainly coastal areas;  

(iii) Project when and where rates of phytoplankton change are most profound in terms of 
temporal and spatial scales of change under the increased multiple stresses of 
anthropogenic activities, ocean acidification and climate change and their interactions   

Proposed IOC activity 

20. It is proposed to form an IOC working group based on the progress of the SCOR Working 
Group 137, which grew out of the AGU Chapman Conference: “Long Time-Series Observations in 
Coastal Ecosystems: Comparative Analyses of Phytoplankton Dynamics on Regional to Global 
Scales” (convened by James Cloern and Nenad Smodlaka, October 8-12, 2008, Rovinj, Croatia). 
WG137 successfully compiled many long time series datasets (wg137.net) and its focus has been 
mainly on estuarine and nearshore coastal waters. The proposed Group will continue the 
comparative analysis and synthesis of long time-series data sets compiled by WG137, and the 
focus will expand not only to the continental shelf and open oceans, but also to estuarine and 
upstream freshwater ecosystems where perturbations from terrestrial, atmospheric, oceanic 
sources and human activities converge to cause changes that ramify across local and global 
scales. The Group will also examine the land and sea connectivity using long time series of 
available data.  This work will complement ongoing work in IGMETS, GlobalHAB and N-CIRP. 

Time Frame, Expected Products, and Terms of Reference 

21. The group require four years beyond 2016 to complete the ToRs. This will imply annual 
meetings and a larger open science meeting or conference in the final or penultimate year. For 
each year, expected activities and products include: 

22. Year 1: (i) one workshop to summarize and evaluate statistical methods, results, and new 
questions arising from the phytoplankton time-series analyses that have been completed to date; 
(ii) develop the “best practice” recommendations for data sampling and statistical analysis 
methodologies; and (iii) develop a data management plan including a plan for sharing data in 
OBIS.  

23. Years 2-3: (i) conduct comparative analyses; (ii) evaluate sensitivity and specificity of data 
analysis (statistical) tools, and improve their availability and “user-friendliness”; (iii) identify time 
scales and time intervals of particular interest; identify synchronies (if any) in timing of fluctuations 
from local to global scales, and quantify the correlation for time and space scales; and (iv) publish 
selected statistical/analytical tools and data on a web or ftp site (initially closed, and eventually 
public). 

24. Year 4: (i) complete comparative analyses of phytoplankton and environmental time series, 
incorporating any new data that have become available during years 1-3; (ii) prepare interpretive 
paper(s) for a symposium presentation and start writing papers for a special issue; (iii) prepare 
recommendations for “best practice” time-series monitoring programmes and a statistical 
analysis/methodologies handbook in consultation with the GOOS Bio-Eco Panel. 
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25. TrendsPO Terms of Reference : 

(i) Identify, collect and analyse existing long time series (at least 10 years) of phytoplankton 
data in coastal oceans and large freshwater ecosystems around the world;  

(ii) Develop a data management plan. Time series already compiled by the WG137 and 
future time series compiled by the proposed group shall be shared with OBIS 
(www.iobis.org); 

(iii) Facilitate the migration of individual data sets (e.g. the previous WG137 datasets 
housed in NOAA) to a permanent and secure electronic archive (OBIS) and ensure that 
data generated by related research projects are archived in the IODE network of 
National Oceanographic Data Centres (NODCs);  

(iv) Develop a GIS platform to collect phytoplankton data in the literature and generate the 
biogeography for various phytoplankton species. It is expected that various tropical and 
sub-tropical species will migrate north or south, depending on the hemisphere as 
surface warming occurs, similar to terrestrial species migrations that are already 
occurring;  

(v) Produce a small working prototype of data sharing, based on the existing data archive to 
demonstrate the value of sharing data through an international database; 

(vi) Develop common statistical methodologies for global comparisons for within-region and 
within-time-period data summarization (e.g. spatial, seasonal and annual averaging, 
summation within taxonomic and functional group categories). The goal is to clarify what 
level of detail provides the optimal trade off (e.g. information gain vs processing effort);  

(vii) Based on the above, and in consultation with the GOOS Bio-Eco Panel and IGMETS 
develop priorities and recommendations to improve future time series and monitoring 
programmes and for more detailed statistical re-analysis of existing data sets; 

(viii) Examine new methods and the feasibility for monitoring of phytoplankton species such 
as imaging and automatic recognition and the molecular approaches (e.g. HTS); 

(ix) Carry out a global comparison of phytoplankton time series using (in parallel) a diverse 
suite of statistical methods; 

(x) The working group will be composed of: (i) experts serving in their individual capacity, 
based on scientific merit and taking into consideration geographical and gender balance; 
(ii) a member of the IOC Secretariat. The WG will elect its Chair and Vice-chair. 

IOC Global Ocean Oxygen NEtwork – GO2NE 

Background & Rationale 

26. Oxygen is the main element that structures the used of marine habitats by organisms which 
are vital to the ecology of the oceans and to human welfare. Altering its concentration therefore 
greatly impacts marine ecosystems and the provision of their goods and services. During the past 
decades, researchers have detected decreasing oxygen content (deoxygenation) of many coastal 
and oceanic waters. The main causes are Climate Change (warmer water holds less oxygen and 
increases stratification of the water column, thereby reducing ventilation of bottom waters), and 
eutrophication of coastal areas (through anthropogenic nutrient loading).  

27. The establishment of a sustained interdisciplinary network, focusing on ocean oxygen and 
the risks related to its changing concentration, and connecting scientists investigating the open 

http://www.iobis.org
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ocean and coastal areas, will help to improve the communication and cooperation among experts 
and decision-makers with the support of IOC-UNESCO. The core of the GO2NE will be an IOC 
working group to provide guidance to improve oxygen monitoring in order to improve the 
availability of globally comparable data. 

Proposed IOC activity 

28. GO2NE will offer an opportunity to complement several ongoing activities at IOC (e.g. IOC 
HAB, GOOS, IGMETS, GOA-ON). Projecting changing conditions in the future ocean and its 
impacts on marine environments are the main objectives of several initiatives either led by the IOC 
or in which the IOC participates. However, the problem of deoxygenation of the oceans is not 
adequately addressed by these initiatives when considering the widespread impacts on ocean 
health and ecosystem services. 

29. GO2NE will work closely together with GOOS (Global Ocean Observing System) and 
JCOMM (Joint WMO-IOC Technical Commission for Oceanography and Marine Meteorology) as 
oxygen is one of the parameters included in the list of Essential Observing Variables (EOV). 

30. GO2NE objectives are: 

(i) Integrate the disparate research efforts on deoxygenation that are taken worldwide and 
to offer a global and multidisciplinary view of the problem. This overview of current 
knowledge will allow the network to identify gaps and to propose a framework/strategy 
to fill these; 

(ii) Facilitate communication with established networks, working groups, observation 
systems, IOC Member States, stakeholders, policymakers in order to stimulate the 
awareness on the deoxygenation issue with meaningful and understandable 
messages; 

(iii) Promote scientific development and cooperation and identify emergent fields of 
research; 

(iv) Increase research capacity and knowledge transfer. 

Time Frame, Expected Products, and Terms of Reference 

31. The work will be organized in two steps. The group would require 4 years beyond 2016 to 
complete the ToRs. This will imply annual meetings and a larger open attendance workshop or 
conference in 2017/2018. For each year, expected activities and products include: 

32. Year 1: (i) produce a technical brief, highlighting the threat of deoxygenation for ocean health 
and the possible impacts on human wellbeing; (ii) identify knowledge gaps; (iii) create an Internet 
representation, highlighting the objectives, structure and products of GO2NE; (iv) organize a 
workshop to summarize and evaluate the previous results and to develop a communication 
strategy; (v) publish in peer-reviewed publications. 

33. Years 2-3: (i) organize webinars and further development of a website to highlight the threat 
of deoxygenation; (ii) disseminate the technical brief, via newsletters, participation in conferences 
and workshops; (iii) prepare an international symposium to broaden the scientific participation in 
this network and to develop further scientific products; (iv) develop a data management strategy for 
metadata of ocean oxygen data sets. 

34. Years 4: (i) develop proposals for specific ocean oxygen data products, e.g. the metadata-
database; (ii) evaluate existing measurement methods/strategies and develop recommendations 
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for future measurements and management strategies with regard to decreasing oxygen content in 
the ocean. 

35. GO2NE IOC core working group Terms of Reference: 

(i) Produce a technical brief summarizing the threat of deoxygenation to marine 
ecosystems; 

(ii) Produce peer-reviewed scientific articles reviewing existing scientific data sets, to 
identify similarities and differences between marine ecosystem sensitivity towards 
deoxygenation and to create a meta-data analysis to detect the mechanisms behind 
taxa-specific adaptation capacities; 

(iii) Support related capacity development and scientific analyses to close existing 
thematic and geographical knowledge gaps, including the potential links between 
deoxygenation and human welfare; 

(iv) Evaluate existing measurement methods/strategies and develop recommendations 
for future measurements and management strategies with regard to decreasing 
oxygen content in the ocean; 

(v) Align with the activities of existing networks and working groups, in particular with 
GOOS, JCOMM, GOA-ON, IGMETS, IOC-HAB; 

(vi) Develop a communication strategy to facilitate international recognition of 
deoxygenation and the related threats to ocean health;  

(vii) Develop a data management policy for GO2NE and collaborate with OBIS to identify 
data sets available and suited for inclusion in OBIS and facilitate that data generated 
by related research projects are archived in the IODE network of National 
Oceanographic Data Centres (NODCs). 

(viii) The working group will be composed of: (i) experts serving in their individual capacity, 
based on scientific merit and taking into consideration geographical and gender 
balance; (ii) a member of the IOC Secretariat. The WG will elect its Chair and Vice-
chair. 

Financial and administrative implications 

36. Terms of Reference for the three initiatives cover a 4-year period for the period 2016–2020. 
IOC-UNESCO will provide seed funds for working meetings pending approval of final ToR and 
complementarity with ongoing IOC activities as part of 38 C/5 ER4 activity 489 (Impact of Climate 
Change on ocean and coastal ecosystems) and activity 507 (Science for reducing nutrient 
enrichment and its impacts on ocean and coastal resources) for the time period 2016-2017.  

37. Additional financial resources required to deliver the envisaged products will be sought. The 
group members and the Secretariat will further seek extra-budgetary support from interested 
Member States. Participating members will be encouraged to seek funding from their own national 
agencies or academic/research institutions. 

Proposed decision  

38. In light of the foregoing, the Executive Council may wish to consider decision EC-XLIX/4.1.3 
in the Action Paper (document IOC/EC-XLIX/2 Prov.) 




