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1. Introduction

The Oceans 2025 programme is funded by the Natural Environment Research Council (NERC)}to
deliver key strategic goals in marine science through a partnership of seven leading UK marine
centres. Starting in 2007, this five -year programme will improve our understanding of how the ocean
behaves, how it is changing, and what this means for society. The seven Oceans 2025 partners are:

National Oceanography Centre, Southampton (NOCS)

Proudman Oceanographic Laboratory, Liverpool (POL)

Plymouth Marine Laboratory (PML)

Scottish Association for Marine Science, Oban (SAMS)

Sea Mammal Research Unit, St Andrews (SMRU)

Marine Biological Association of the UK, Plymouth (MBA)

Sir Alister Hardy Foundation for Ocean Science, Plymouth (SAHFOS)

These marine centres have different ownerships, and receive funding support fr om other sources.

Oceans 2025 will increase our knowledge of the size, nature and impacts of marine environmental
change. The coordinated approach from the marine centres, together with complementary work by
university researchers and close liaison with governmental bodies and other stakeholders, will be
critical to developing sustainable solutions for the management of marine resources for future
generations. There are nine science themes supported by the Oceans 2025 programme:

Climate, circulation and sea level (Theme 1)

Marine biogeochemical cycles (Theme 2)

Shelf and coastal processes (Theme 3)

Biodiversity & ecosystem functioning (Theme 4)

Continental margins and deep ocean (Theme 5)

Sustainable marine resources (Theme 6)

Technology development (Theme 8)

Next generation ocean prediction (Theme 9)

Sustained observations, including the Continuous Plankton Recorder survey and marine
mammal population dynamics (Theme 10).

In the original programme proposal there was also a theme on health and human impa cts. Elements
of this activity are now included in themes 3 and 9. Additional information on each theme and other
aspects of the Oceans 2025 programme can be found at www.ocean2025.0rg

Three national facilities are also supported through Oceans 2025 providing services to the wider UK
marine community as well as to the programme :

. British Oceanographic Data Centre (BODC) hosted at POL
. Permanent Service for Mean Sea Level (PSMSL), hosted at POL
. Culture Collection of Algae and Protozoa (CCAP), hosted at SAMS

The Strategic Ocean Funding Initiative (SOFI) is run by NERC to support additional research projects
and studentships, primarily at universities, that closely complement the Oceans 2025 programme.
The first SOFIcall (Sustainable Marine Bioresources) also involved partnerships with governmental
marine laboratories, with co-support by the Department for Environment, Food & Rural Affairs
(Defra), the Scottish Government Marine Directorate (formerly FRS/SEERADgnd the Agri-Food and
Biosciences Institute, Northern Ireland (AFBI).

Working contacts exist between Oceans 2025 and the marine research activities of the British
Geological Survey (BGS) the British Antarctic Survey (BAS,) and the Centre for Ecology and Hydrology
(CEH) These will be strengthened in the context of the NERC -wide strategic priorities.

Oceans 2025 was developed in theframework of NER@ s 200 étrategy, focussing onglobal
change, E suppott ysemk, sultainable economies, and underpinning. The programme is
al so cl osel y arew gtrategy (NexoGeneEtvE Scence for Planet Earth , NERC Strategy
2007-2012) that has the following science priorities : climate system; biodiversity; sustainable use of
natural resources; Earth system science; natural hazards; environment, pollution and human health;
and technologies. The matching between Oceans 2025 themes and NERC themes ishown in Fig 1.
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2. Programme management and coordination

The delivery of Oceans 2025will primarily be achieved at the centre level, managed by the Directors
of the seven partner organisations. Nevertheless, the programme was planned as a single entity:

scientific connections and coordination are theme -based, with the Sustained Observations theme

involving all centres, and all but one of the other themes being multi -centre (Fig. 2).

Theme 1:

Theme 2:

Theme 3:

Theme 4:

Theme 5:

Theme 6:

Theme 8:

Theme 9

& accountability

Resources, delivery l

Climate

Biogeochemical cycles
Shelf and coastal processes
Biodiversity & ecosystems
Deep oceans & margins
Sustainable resources
Technology

Ocean prediction

Theme 10: Sustained observations

Figure 2. Matrix of the me-based science coordination, and centre
Oceans 2025 progr amme.

in the

funded by other sources.

NOCS

:G

C

POL

Science coordination

PML  SAMS

%
%

Omi tted

the

. Centre contribution

SMRU

her e

MBA SAHFOS

ar e

-based funding, line management and delivery,

t he

Nat



Within each theme, the research is gro uped into Work Packages (WPs) and Research Units, with all
WPs within a Research Unit being supported at the same marine centre.

Four closely-linked mechanisms are involved in Oceans 2025coordination, with the common aim of
maximising synergies and added value between programme components. These are described below
and illustrated in Fig. 3.

Executive Board
The Oceans 2025 Executive Board hascollective responsibility for :

the coordinated delivery of the programme to NERC

the scientific strategy of the programme, including the specification of SOFI calls
programme development and implementation, data management and knowledge transfer
oversight of the Oceans 2025 Science Coordinator

Executive Board membership comprises the Directors/Chief Executives of the Oceans 2025 marine
centres (who originally planned the programme); its meetings are also attended by the Oceans 2025
Science Coordinator. There is a rotating chairmanship, on a 2 year term: the NOCSDirector
(Professor Ed Hill) is the current chai r, to 31 Dec 2008. The Executive Board meets at around two -
month intervals.

PML POL
Peter Claridge

Andrew Willmott

Advisory

MBA Board SAMS
Colin Executive Ken Jones .
Brownlee S [from Sept 08:
Laurence Mee]
Science
licoordinator NMCO—‘
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Figure 3. Linkages between Oceans 2025 centres are achieved through the Executive Board wi th support from the
programme Science Coordinator and Advisory Board, and the National Marine Coordination Office. Directors/Chief

Executives names are given for May 2008.

Science Coordinator

NERC support for Oceans 2025 coordination covers the cost of a Science Coordinator, currently at
80% FTE. The postholder,Dr Phil Williamson, is based at the University of East Anglia, with formal

line management to the Deputy Head, Science and Innovation, NERC Swindon Office. The Science
Coordinator works closely with the Oceans 2025 Executive Board and centre research lead ers on
strategic planning; progress monitoring and reporting; external liaison, PR and outreach; knowledge
transfer, partnerships and co -funding. He also works with NERC Swindon and university researchers
on SOFI planning and implementation.

Advisory Bo ard

The Oceans 2025 Advisory Board has recently been appointed under the chairmanship of Prof Peter
Liss. The Board has a membership of 13 senior academic, governmental and private sector
stakeholders to provide independent advice on the direction of th e programme, identifying
additional opportunities and enhancing its match with national scientific and policy needs.



National Marine Coordination Office

The National Marine Coordination Office (NMCQ is funded separately from Oceans 2025, to support
the wider remit of NOCS. Led by Jacky Wood, the NMCOworks with the marine science community
in an inclusive and impartial way to sustain UK capability, focusing on topics where improved
dialogue and interaction would be beneficial . The overall purpose of NMCO is tohelp raise the
profile of UKmarine science and its impact with national and international audiences , for the
benefit of all.

The NMCOprovides the secretariat for the Oceans 2025 Executive Board, whilst also working closely
with the Science Coordinator on SOFI workshop finances anda range of other programme -wide
activities.

3. Implementation of programme themes

3.1 Climate, Circulation and Sea Level (theme 1)

This theme involves three Research Units and 9 Work Packages. The NOCS contributionis led by
Simon Josey; SAMS by Ray Leakey, and POL §imon Williams. The total effort is ~ 20.5 FTE pa with
focus on the following scientific questions:

e How is the pole-to-pole Atlantic MOC changing and what impact do the changes have on the
ocean and our climate?

¢ What are the effects of climate change on the marine Arctic environment?

e What are the processes controlling past, present and future rates of sea level rise?

Specific objectives, summary work-plans and status are given below at the WP level, grouped under
centre -based Research Units For detail on rationale and approaches, see the original proposal
(online via www.oceans2025.0rg).

The Atlantic and Southern Oceanina changing climate (NOCS)

WP 1.1 Recent climate change and the state of the ocean

Specific objective. To accurately estimate recent and ongoing changes in the surface fluxes of heat,
freshwater, and momentum, with a focus on the North Atlantic and the Atlantic sector of the
Southern Ocean, and to relate these to the major changes in the observed ocean state.

Summary research plan and deliverables

2008 e Completed simulation of changes in the ocean over the period 1950 - 2006 obtained by running NEMO
globally at 1/4° resolution (and with a nested 1/12° North Atlantic grid) using NCEP/NCAR (and possibly
ECMWEF) derived surface flux fields

2009 e  Analysis of changes in surface fluxes over the last 50 years from the new multidecadal NOC flux dataset
and available reanalysis datasets

2010 e Evaluation of changes in ocean temperature and salinity over 1950-2008 in the various model simulations
and in available hydrographic datasets

2012 e Completed analysis of the extent to which the modelled/observed changes in the ocean since 1950 are due
to changes in air-sea interaction

. Key publications for citation in anticipated 5th Assessment Report of the IPCC, with some Theme 1

scientists directly involved in the IPCC writing.

Status

e Study of changes in the ocean over the period 1950 - 2006 using NEND globally at %4° resolution:
model run underway (via Theme 9). Parallel work has involved analysis of temperature, salinity
and surface flux variability in the OCCAM 1/12 ° simulation for 1985 -2005.

e Changes in freshwater flux: analysis of relationship betwe en variations in surface freshwater flux
and changes in North Atlantic salinity budget over last 50 y r undertaken with US collaborators
(paper in GRL).

e Improved flux measurements: accurate direct measurement of air -sea CQ flux using an open path
sensor, alowing long -term open ocean measurements of the flux, now achieved thus resolving a
long-standing problem.
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e Relating changes in surface forcing to ocean state: analysis of relationship between mid -high
latitude surface heat loss and strength of the MOC is being carried out using output from three
IPCCclass coupled models.

WP 1.2 Atlantic circulation and transports

Specific objective. To establish whether the Atlantic MOC is slowing down, and to relate this to
changes in regional storage of heat, fresh water and carbon.

Summary research plan and deliverables

2008 e  Arctic Gateway Section

2008-12 e  Annual quantification of MOC from analysis of RAPID-MOC data

2009 e Analysis of exchange between Atlantic and high-latitude northern ocean basins

2010 . Estimate of total CO, inventory, providing a baseline for future direct estimates of CO, change

e  Analysis of 26.5°N cruise carried out under SO 3 in 2009

2012 . Pole-to-pole description of the size, structure and variability of the MOC and of the ocean sources and
sinks of carbon dioxide
. Key publications for citation in anticipated 5th Assessment Report of the IPCC, with some Theme 1
scientists directly involved in the IPCC writing
Status

e The Arctic Gateway Cruise led by Sheldon Bacon (NOCSOOC) is programmedfrom 11 Aug- 17 Sep
2008 (Discovery 332).

e A notable milestone was achieved for the RAPID-MOC 26.5°N monitoring array with the
publication of two papers in Sciencer, showing that the array is successfully monitoring the
Atlantic overturning with an error in  the annual mean overturning of about 1.5 Sv or 8% of the
mean. Abrupt changes in annual mean overturning would be readily observed by the array.
[*Cunninghamet al . 2007, Science 317, 935-8; Kanzow et al. 2007, Science 317, 938-41].

e Estimates of the Atl antic CO;, inventory are progressing in collaboration with And rew Wat s ond s
group at UEA.

e FP7: Thermohaline Circulation dat risk? (THOR) funded. This will provide a 3 yr RA post to help
deliver an annual quantification of MOC from analysis of RAPID-MOC data

WP 1.3 Physicalbiogeochemical budgets and mixing in the Southern Ocean

Specific objective. To establish regional budgets of heat, freshwater and carbon, and their seasonal,
interannual and decadal variability .

Summary research plan and deliverabl es

2008 e Southern Ocean Cruises, A10 and A21

2010 e New estimates of the diapycnal mixing implied by vertical exchange of tracer properties in the box inverse
calculation and from LADCP data

2011 e New estimates of air-sea fluxes of heat, freshwater, carbon and other biogeochemical tracers, and between
the Atlantic sector of the Southern Ocean and neighbouring ocean basins

2012 e  Analysis of interannual and decadal variability

. Key publications for citation in anticipated 5th IPCC Assessment Report, with some Themel scientists
directly involved in IPCC writing

Status

¢ Fieldwork shifted by NERC Marine Planning from 2008 to 2009; therefore currently in the
planning phase.

e We have engaged international collaborators through discussion and by participation in a South
Atlantic basin workshop during 2007.

e We have commenced analysis of decadal variability between the 2003 and 1993 occupations of
the 30°S section.

e Associated SOFI Acadenara transientgracar measurement programme in the
Atlantc and Sout hern Oceand. (Pl: AJ Watson, UEA)



WP 1.4 Risk assessment of 2% century climate change

Specific objectives . i) To integrate into the wider Earth system context new knowledge of ocean
processes and predicted Atlantic MOC changes on decadatt o-centennial timescales. ii) Using our
best models combined with new statistical methodologies for risk assessment, to reduce uncertainty
in multi -decadal climate forecasts relevant to the UK.

Summary research plan and deliverables

2009 o I mp r lerigidundarstanding of the vulnerability of the MOC and associated transports to a changing
climate
2010 o For mal intercompari son of MOC response to incre
component
2011 o F o r e clixdetadal chahgesi{to 2025) of the THC and ocean climate in the Atlantic sector, plus
uncertainty analysis
o] Recommendati ons for future monitoring strategy
anthropogenic impacts on MOC, ocean carbon cycle and climate
2012 © Quantitative risk assessments of ;Udtake asdiydratd o wn ,
instability, by probabilistic prediction with models of varying complexity
o] Key publ i cat i oated5th Assessment Repoit af the IPQC, watnsbniecTlieme 1 scientists

directly involved in the IPCC writing

Status

e 60 yr control run of the CHIME coupled climate model now completed. CHIME is derived from
HadCM3 by implementing a new type of ocean, w ith improved water mass preservation. Model
performance good, except some salinification of North Atlantic. This should be improved by
increasing depth of Greenland -Scotland ridge, to be followed by a new control integration,
centennial timescale climate -change runs, and runs for decadal prediction.

e Associated SOFI r elsmgravingcdacadsl telimdte predictidniinpa:warrding world 6
(with Univ of Southampton and Univ of Reading),

e Analysis of previous high-resolution ocean simulations (with OCCAM models) completed,
establishing changes of the Atlantic circulation and heat budget over the last 20 years.

e Hysteresis experiments started (15,000 yr simulation) with GENIE-2 model, to establish stability of
Atlantic overturning circulation to weak external f  reshwater forcing , such asmelting of
Greenland ice sheet.

e Use of forward and adjoint versions of the C -GOLDSTEIN modedlso started, for probabilistic
climate prediction by emulating model derivatives , (i.e. estimating dependencies of key climate
sensitivities on model parameters.

Change in Arctic and boreal seas in a rapidly changing climate (SAMS)

WP 15 Past and present variability of the northern limb of the MOC

Specific objectives. i) Establish the connectivity of the surface flow of the MOC a cross the Iceland -
Scotland Ridge and determine any correlation with external forcing. ii) Use modern hydrographic
measurements to calibrate and interpret ancestral MOC flow using palaeo -proxy data. iii) Examine
any inter basin MOC connectivity through th e transmission of RCC events across the northern transect
as measured in the palaeo-sediment archived records.

Summary research plan and deliverables

2007 o Core site selection; p i -existioghdatasets i n g ; i nvestigati
2008 0o Data extraction and recovery of Atlantic water
0 Core sedimentol ogy, p arelementigeochemisiye anal ysi s, i nit
2009 0o ysdinohAtlantic water data sets
0 Detailed core geochemistry (180, initial 14C); sortable silt analysis; further piston coring (if needed)
. 0 First peer reviewed publications
2010 o Synthesis of Altantic water results and publ i caq
0 C oatian bftime-slices and comparison with hydrographic datasets




2011

O« O«

A record of the ancestral MOC activity, between
Publication of papers, dissemination of results

Status

J Piston cores collected during summer 2007 (via co-support from international collaborators) and
investigation of datasets ongoing

o Associ at ed S OFIModetirgefahe @yvillegThomson Ridge overflow & PI( PA
Davies, Dundeé).

WP 1.6 The effect of climate change o n the Arctic marine system

Specific objectives . i) To improve understanding of how changing sea ice and water column structure
influence ecosystem structure and function, and subsequent biologically -derived carbon export, by
delivering novel and comprehe nsive observational data sets on biogeochemical parameters from
Svalbard shelf waters and the western Barents Sea. ii) To construct, test and refine a coupled
physical-biological model to predict, for Arctic waters, how changes in sea ice and water column
structure influence ecosystem function and subsequent biologically derived carbon export. iii) To
develop a multi -sensor algorithm for sea ice classification, using current and future satellite sensors,
to provide sea ice data to extrapolate ice driven mo del outputs over larger spatial scales.

Summary research plan and deliverables

2007 e  Arctic pelagic biological model construction and coupling to POLCOMS physical oceanographic model

2008 e  Arctic research cruise to Svalbard and western Barents Sea with mooring deployment.
. Complete model construction and commence parameterisation.
. Complete routine sea-ice mapping via single satellite sensors

2009 e Novel observational and experimental data sets on key physical and biogeochemical variables from
summer 2008 cruise.

e  Mooring maintenance and turn around (with NPI).
. Complete model parameterisation.
. First peer reviewed publications

2010 e  Arctic research cruise to Svalbard and western Barents Sea with mooring retrieval
. Complete initial tested and refined model
. Complete assessment of new techniques for interpretation of satellite sensor derived sea-ice data

2011 e Novel observational and experimental data sets on key physical and biogeochemical variables from
summer 2010 cruise.

. Complete model refinement and delivery of model output.

. Sea ice classification map giving near-daily coverage of the Fram Strait area (NW Greenland to E of
Svalbard) from 70N to 85N.

. Publication of papers, dissemination of results.

Status

e Arctic biological model now coupled to POLCOMS and 28 Arctic cruise planning underway (t o
include Norwegian and French participants)

e Associated SOFI Impacsoélacticcsba -ige retreatton zodplankton foraging
behaviour and vertical carbon. fluxd (PI: AS

Geodetic oceanography, polar oceanography and sea level (POL)
WP 1.7 The ocean adjustment process

Specific objectives. i) To determine how sea level and ocean bottom pressure adjusts to changes in
ocean forcing and to internal ocean variability. ii) To assess the pr ocesses responsible for regional
sea level variations and the capability of models to predict these changes. iii) To make

recommendations on the best way to monitor the Atlantic MOC and the flow through Drake Passage.

Summary research plan and deliverable s. Southern Ocean work will be ongoing, with annual Drake
Passage cruises (SO 6).Analytical and model/observational diagnostic work will  also continue
through the lifetime of the programme.  Specific milestones and deliverables are:

Br

2007 o] G O Clie laurech (Erhvity field and steady-state Ocean Circulation Explorer; ESA)
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2008 o] I nitial NOC model runs avail abl e.
o] WAVE arrayS@3depl oyment (
2009 o] Preliminary MOC monitoring array redesign to b
2010 o] WAVE arrayS@3depl oymen
o] Causes of regional sea |l evel change in model d
2011 0 Synthesis of sea |l evel process understanding
0 Final recommendati on for MOC monitoring array
0 Final recommendation for future of Drake Passa
Status
e  GOCEsatellite launch has been delayed , to May 2008.
e WAVE redeployment on target. Array redesign almost complete. Papers have been published and
submitted on monitoring methods.
» Influence of small scales on sea level energetics found to be significant: paper i n press.
WP 1.8 Arctic Ocean climate change
Specific objectives. i) To estimate the sensitivity to climate change of water mass transformation
processes and downslope flows in the Arctic Ocean. ii) To understand the processes responsible for
Arctic sea level change
Summary research plan and deliverables
2007 O Research cruise to Storfjord (Svalbard, Western Barents Sea); SAMS-led, in WP 1.6
o] Arctic Oc-ecaan made prgdlicedd i c e
o] Support for SAMS model d e aompling foméPi6) and ecosyste
2008 0O Polynya and downsl|l ope fl ow parameterisations pr
o] Mo d el experiments in support of CFL System expe
2009 o Main Arctic model runs, Arctic model dat aset pr
2010 o Model and dc&AMS caisealata),srel addifowal niodel runs
2011 o Estimate of sensitivity of Arctic Ocean to poly
o] Estimate of di fferent contributions to Arctic s
Status

e The Storfjord c ruise was not carried out in 2007 because of unavailability of a suitable research
vessel. Now scheduled for summer 2008 on RRSJames Clark Ross Deployment and recovery of
POL instruments will still be as outlined in the Oceans 2025 p roposal.

e A pan-Arctic sea ice-ocean model is under construction, currently under test in a reduced domain
(Barents and Kara sea$. Full version expected to be run by summer-early autumn 2008.

e Co-support provided to a SAMS postdoc (Vincent Le Fouest) to develop an Arctic ecosystem
model that will be coupled to our sea ice -ocean model

e Associated SOFI r elscerporation of fazilice mtn & sedide p-ocead modeld
(with Univ College London).

WP 1.9 Sea level and vertical land movement

Specific objectives . i) To deter mine the causes of global sea level change and vertical land
movement. ii) To produce the definitive map of vertical land movement in the UK. iii) To extend the
historical tide gauge record. iv) To test the realism of climate model predictions of sea leve | change.

Summary of research plan and deliverables. At least annual absolute gravity measurements at three
primary sites, with possible extension to sites identified in future, together with maintenance visits
to POL-owned GPS sites.

. 2009 e Optimal procedure for combining geodetic time series for vertical land movement

. 2010 o Estimates of spectral characteristics and associated uncertainty estimates for sea level

. 2011 o Produce the definitive map of UK vertical land movement
. Combined geodetic estimates of current and past sources of sea level change




Status

e Absolute Gravity (AG) measurements made at three primary sites. Reduced measurement period
for Aberdeen, d ue to complications with the gravimeter there.

e The POLabsolute gravimeter ( FG5222) participat ed in an international intercomparison at
Walferdange, Luxembourg. Preliminary results indicated good agreement with other instruments

e First measurements to take place in spring 2008 at an additional AG site (BGS Eskdalemuir
geophysical observatory). This will compl ement a recently installed continuous GPS site.

e The impact of volcanic eruptions on global sea level has been investigated. A significant rise
followed by a dip in sea level that cannot be explained by thermal expansion has been found
after 5 m ajor eruptions in the last 150 years. Published.

e We have developed a fast error analysis method for continuous GPS position time series. A
reduction factor of ~100 is achieved for time series around 10 y r in length. This will contribute to
the optimal proc edure for combining geodetic data sets. Published.

e The impact of hydrological cycle contributing to r
has been investigated. Two benefits are the elimination of this signal from assimilation into
ocean models and removal of interannual variability from long -term tide gauge records.

e Two associ at ed S OFrhe creaisnefamaphof cgrrerdt wettisal landdmovements
in the UK based on an optimal combination of absolute gravity and continuous GPS 6 (RP I ,
Bingl ey, Not t i ngham)-technigde géoGaiimestimates efrpresent edhyt i
contributions t o r eg(PJClakd, Nesvaastle)l e v e | changed

e Associated SOFI r eUseadat PSSl forthe enhaha@mentofvertal landl
movement measurements in the UK6  ( wWhiv afi Nottingham and BGS Keyworth).

3.2 Marine Biogeochemical Cycles (theme 2)

This theme involves three Research Units and 10 Work Packages. The PML contribution is led by Phil
Nightingale; NOCS by David Billett, and MBA by Colin Brownlee. The total effortis ~ 20 FTE pa with
focus on the following scientific questions:

e The oceans and shelf seas as a source and sink of climate active gases

e The importance of the carbon and nitrogen cycles in the regulation of microbial ~communities and
hence export and biogenic gas cycling

e The biological pump and export of carbon into the

e Processes that introduce nutrients into the euphotic zone

e The direct impact of a high CO , world (acidification) on mixed layer biog eochemical cycles and
feedbacks to the atmosphere via sea/air gas fluxes and the biological pump

e The indirect impact of a high CO , world (increased stratification and storminess) on the supply of
nutrients to the upper ocean, and hence on the biological carbon pump and air-sea gas fluxes

e Cellular processes that mediate calcification in coccolithophores and how these are impacted by
environmental change with a focus on elevated CO , and ocean acidification

e Inter- and intra -specific genetic diversity and inter -specific physiological plasticity in
coccolithophores and the consequences of rapid environmental change.

Specific objectives are given below at the WP level, followed by a centre -based (Research Unit)
grouping of summary work-plans and status. For detail on rationale and approaches , see the original
proposal (online via www.oceans2025.0rg).

Marine biogeochemical cycles and feedbacks in a high CO , world (PML)
WP 2.1 Improved quantification of the carb on cycle in the surface ocean and shelf seas

Specific objectives . i) To determine the major controls on the variability in plankton respiration and
photosynthesis including the photochemical alteration of microbial substrates. i) To determine the
balance between microbial consumption and photochemical production of oxygenated volatile
organic compounds (OVOCSs).iii) To quantify the role of the viral shunt in the cycling of carbon.

WP 2.2 Reducing uncertainties in the microbial cycling of the major e lements

Specific objectives . i) To identify the bacterioplankton responsible for the cleavage of DMSP to DMS
and the consumption of DMS in natural waters, quantify rates and what controls these rates. i) To
quantify the contribution of bacteria and virus es to the cycling of halocarbons . iii) To elucidate rates
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of new and regenerated nitrogen production, their role in nutrient stoichiometry and hence trace gas
production . iv) To identify the limiting and co -limiting factors for the microbial cycling of c  arbon
and nitrogen.

WP 2.3  Quantifying the impact of a high CO , world on marine biogeochemical cycles and
feedbacks

Specific objectives . i) To evaluate the capacity of marine microbes to adapt to change. i) To
determine the impact of high CO , on nutrient availability and microbial activity . iii) To evaluate the
impact of ocean acidification on the air -sea transfer of biogenic gases. iv) To predict how changes in
storm frequency and stratification impact air -sea gas transfers.

WP 2.4  Links between photophysiology, stress responses and biogenic gas production

Specific objectives . i) To understand regulation of photophysiological response to stress at the
transcription level . ii) To understand regulation of anti -oxidant mechanisms that generat e climate -
active gases. iii) To determine the consequences for DMS production of the anti -oxidant roles of
glutathione and DMSP in phytoplankton. iv) To evaluate how anti -oxidant systems respond to and
impact on a changing redox environment .

Summary reseach plan, WP 2.182.4

2007 ¢ pH manipulation studies in Bergen mesocosm [re-scheduled; see below]

2007-11 e Studies using laboratory cultures
e Laboratory incubation/manipulation experiments with WCO water
e Microcosm work at PML using cultures and/or field samples

2008 e Process Cruises 1 and 2, part-funded by UK SOLAS

2009 e Coordinated seasonal cycle at WCO

2010 -11 e« Two enhanced AMT cruises between UK and Falklands

Main deliverables

e Improvement in predicting the impact of a high CO , world on marine biogeoch emical cycles

e Assessment of major controls on the variability of upper ocean production and respiration, and of
the contribution of CDOM photodegradation to production, O , and OVOC fluxes

¢ Quantification of the air -sea flux of OVOCs and bacterial cycling of climate active gases (VICs,
DMS, OVOCs)

e Evaluation of the role of viral shunt in the carbon cycle

¢ Incorporation of N fixation and nitrification rates into new production estimates and refined
regional estimates of new production

¢ Identification of the r egulatory mechanisms governing the photo -physiological response to
environmental stress in phytoplankton

¢ Quantification of the contribution of anti -oxidant systems to biogeochemical flux of S, N, C and |,
including biogenic gas production

e Evaluation of th e impact of climate change on ocean feedbacks to the atmosphere by identifying
key pathways and producing data to validate process models (with Themes 6 and 9).

Status, WP 2.162.4

e A proton transfer mass reaction spectrometer (PTRMS) has been purchased and recently installed
for high frequency measurement of OVOCs in air and in seawater (WP 2.1), also for experimental
studies of the conversion pathways of DMSP to DMS and DMSO (WPs 2.2 and 2.4)

e Themes 2 and 3 have jointly purchased a quadrupole GC-MS in ader to quantify key processes
of ammonia regeneration and nitrification that support and influence global marine primary
productivity (WP 2.2)

e Joint work with UK SOLAS has includedthree research cruises in 2007/08, to investigate the
cycling of a range on biogenic climate active gases, e.g. volatile iodocarbons (WP2.1) and DMS
and DMSP (WP2.1 and WP 2.4)and undertaking novel measurements of air -sea gas transfer (WP
2.3) including a deliberate release of surfactants.  Theme 2 funded additional shiptime t o
increase the range of oceanographic conditions sampled during UK SOLAS cruisesalso support
for additional measurements on nitrogen cycling (WP2.2), micro -nutrient limitation (WP2.2) and
the first measurements of bacterial uptake of OVOCs (WP2.1)
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e We will participate in the US Southern Ocean GasEx3 experiment in order to directly measure
air-sea fluxes of DMS (WP 2.3)

e Progress in WP2.1 has been slowe due to the loss of key staff (W Wilson and C Robinson). This
will be rebalanced in future years

e We have started long term culture studies of marine organisms & potential adaptation to
increased pCO, (WP2.3) and continue to investigate the impact of high pCO ; on the production of
trace gases using data from mesocosm experiments and natural vent sites (WP2. 3)

¢ NERGCe-scheduling of Discovery cruises (and the timing of the DOGEE gas exchange experiment)
meant we had to abandon our planned Bergen mesocosm study in 2007. We will instead
undertake mesocosm experiments in 2009 and 2010 with co-funding through th e EU EPOCA
program

e Associated SOFI r eTFipleaoxygdn isatdpaiaticcorygen/argop ratio éneasure -
ments to enhance coastal and open ocean production/respiration comparisons 6 ( vWhit ofi East
Anglia); other collaborations with  Universities of Plymouth, Southampton, Essex and Newcastle.

The oceands biological carbon pump @@CS)its sensit
WP2.5 Physical processesand the supply of nutrients to the euphotic zone

Specific objectives. i) To determine the relati ve importance of mechanisms effecting nutrient supply
to the photic zone by quantifying them in the three major biomes of the North Atlantic. i) To
establish how representative process studies are for the basin scale and thus define operators to
scale up the individual process study results. iii) To determine the sensitivity to future climate
change of the mechanisms sustaining total nutrient supply to the photic zone over the three major
biomes of the North Atlantic.

WP 2.6 Plankton communities and bi ogeochemistry

Specific objectives . i) To evaluate grazing, light and iron limitation as causes of the residual summer
nitrate pool in the high latitude North Atlantic . ii) To investigate the difference in P dynamics and
export between the NASG and SASGn particular the influence of advection and dust iron controls

iii) To provide estimates of spatial variability up to a biome scale of planktonic populations and
biogeochemical processes related to the above hypotheses. iv) To examine the above hypotheses
using ecosystem, HOPS and NEMO models.

WP27 Export into the oceands interior

Specific objectives . i) To estimate carbon export from the photic zone on process cruises using free
drifting traps, deficits of naturally occurring radionuclides, ~ *°N assimilation, nutrient depletion
calculations and satellite remote sensing . ii) To link the fraction of production exported to
biomineral levels, grazing and the size distribution of the plankton using simple parameterisations
and models.

Summary research plan, WPs 2.5 82.7

2007 e Process cruise to OWS India

2007-11 e Process studies and longterm, wide-field observations
e Fieldwork at PAP, via AMT

2008 e High intensity work on extended Ellett line
2008-12 o Large scale synthesis

2009 e Process cruise at PAP site

2010 e High intensity work on extended Ellett line
2011 e Process cruise at NASG site

Process studies in each biome will use data from remote sensing and Theme 10 (AMT, SO1 and
extended Ellett line, SO 4) to extend spatial and temporal scales , also linking with modelling (Theme
9). Cruises will be shared with AMT, to service the sediment traps , and Theme 5 for work on deep
ocean biogeochemistry.

Main deliverables, WPs 2.5 82.7
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e Techniques to use Autosub as a vehicle to support biogeochemical research

e Quantified processes delivering nutrient s to the photic zone in diverse physical regimes

e Model outputs from HOPS of fine-scale surveys along with experiments on altered forcing

e Datasets of phytoplankton functional group abundance and their relationshi p to climatically
sensitive variables

e Nutrient uptake and recycling rates by dominant planktonic functional groups and an assessment
of the sensitivity to fluctuations in nutrient concentrations

¢ Assessment of the linkage between carbon export and ecosyste m structure, particularly size
structure, bio -mineral production and grazing

¢ High quality data sets archived with BODC and available to the international community

e A prediction of the response of the Atlantic Ocean biological carbon pump to climate change

Status, WP 2.5 2.7

e Demonstration that biomineral production and standing stock in tropical and subtropical latitudes
are only weakly related to the export of organic matter from the upper ocean

e Demonstration that Southern Ocean export efficiency is intimately related to the taxonomy and
size structure of the pelagic plankton community

¢ Publication of a complete description of effect s of natural iron addition on primary production,
algal physiology, and new and export production in a HNLC region of the Southern Ocean (special
issue of Deep-Sea Research || on CROZET project)

e Calculation of the yield of carbon sequestered to depth per unit iron added to the euphotic zone,
in order to assess the potential of ocean geoengineering to slow increase in atmos pheric CQ..

e Successful process cruise to Ocean Weather Station India (60°N, 19°W) in August 2007. Results
will evaluate nutrient supply mechanisms to the upper ocean (WP 2.5) ; the iron status of plankton
populations in the region (WP 2.6) ; and export fr om the upper ocean in relation to plankton
community structure and biomineral levels (WP 2.7)

¢ Measurement of a subset of these processes on the 2007 SAMSed Extended Ellett Line (SO4,
Theme 10), to set process cruise data in a wider spatial context (WPs 2.5-6) together with
satellite studies

e An advanced ecosystem model has been ircluded in the ¥° resolution NEMO physical model (WP
2.6), the HOPS model was configured to reproduce the observations on the Process Study cruise
(WP 2.5) and a one dimensional t estbed model has been developed (for WP 2.7)

e Associated SOFI research studentship:6 Shi pboard studies of the influen
chemistry on calcareous microplankton and the biological carbon pump & ( Whit off
Southampton, SAMS and PML)

Cellular and molecular responses of calcification to rapid global change (MBA)

WP 2.8 Cellular processes that underpin coccolithophore ecophysiology: impact of environmental
change

Specific objectives . i) Identify coccolithophore membrane transport and nutrient acquisition genes
and generate an annot &thaxteyi.btldeatify somponents ohthésighabing
machinery, including ion channels that co -ordinate calcification with other cellular processes. iii)
Functionally characterize selected coccolithophore nutrient transporters at the molecular level.

WP 2.9 Molecular and cellular determinants of coccolithophore calcification: impact of elevated
CG

Specific objectives . i) Characterise inorganic carbon (Ci) and Ca’* entry and trans-cellular transport
pathways during calcification in coccolithophores ii)Use emerging E. huxleyi genomics and
transcriptomics resources to characterise the calcification machinery at the cellular and molecular
level, and determine impacts of elevat ed CQ, and acidification . iii) Use E. huxleyi virus infection as a
onemutrient 6 bl oc kiv)®dvelop a kitoa imblecaam prabes mo assess calcification -
related gene expression in the field.

WP 2.10 Community structure in coccolithophore blooms: effects of rapid environmental change

Specific objectives . i) Determine population genetic structure by analysing the CPR survey silks (since
1938) known to have sampled coccolithophore blooms and determine spatio -temporal changes in
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coccolithoph ore community structure . ii) Characterise the wider phytoplankton communities at the
spedes level, using molecular markers, from archived CPR samples iii) Validate the CPR molecular
data sets by comparison with robust sampling techniques from the same po pulations. iv) Correlate
the species distribution -biodiversity maps wi th contemporary climate change indicators. v)
Determine interspecific physiological plasticity among common North Atlantic coccolithophore
species Coccolithus pelagicus, Gephyrocapsa, Syacosphaera, Calcidiscus and the A and B
morphotypes of E. huxleyi grown under varying light, temperature, CO ,, pH and UV.

Summary research plan, WP 2.862.10

2007-08 e E huxleyi transportome; microarray development and validation

2007-10 e E huxleyi genetic diversity screen; identification and functional characterisation of E huxleyi transport/
calcification genes;

2008-12 e E huxleyi nutrient transporters; Ca and Ci uptake analysis; mechanism of coccolithophore calcification

2009-12 e Impacts of CO, on gene expression; development of in situ molecular calcification probes, CPR screening,
physiological diversity studies

Main deliverables

¢ Functional characterisation of membrane transporters driving nutrient uptake in coccolithophores

¢ Identification of ¢ alcification -relevant genes

e Experimentally verified cellular models of calcification mechanisms and regulation in
coccolithophores

e Analysis of the cellular and molecular mechanisms by which elevated CO , and ocean acidification
affect calcification.

e Assessment of the impact environmental change has on the community structure of phytoplankton
in general and coccolithophores in particular

e Validation of CPR data for analysis of past phytoplankton assemblages

e Provide mechanistic information for the development o f better -constrained models of marine
biogeochemical cycles

¢ Develop novel molecular, cellular and analytic tools for laboratory and field studies.

Status

e Emiliania huxleyi genome sequence has been released for annotation. MBA team are partners in
this international project. Annotation of signalling and transport genes is underway.

e Heterologous functional assays have been developed: yeast expression and Xenopusoocyte
systems established.

e Biolistic loading protocols for genetic transformation of coccoli thophores and functional studies
have been optimized.

¢ A novel method for monitoring calcification in single cells in vivo for physiological studies of
calcification in relation to cellular homeostasis has been developed.

e We have developed close collaborative links with the University of Essex for long term culture
studies under controlled CO, conditions.

e Associated SOFI Respossed Endlinniaduxlayntd a higld CO, world: assessing the
extent of genetic diversity in the pattern of gene expressiond PIl: DJ Suggett, Essex)

e Complementary funding has been won from NERC (responsive mode grant to C. Brownlee) and EU
(2 PhD studentships) via the CalMarO and EPOCA programmes, increasing the range of
international collaborations.

¢ Molecular technique published for genotyping of coccolithophore blooms (Ripley et.al . 2008)

e  Coccolithophore community structure within  E huxleyi-dominated blooms dating back 32 years
has been successfullygenotyped.

3.3 Shelf and Coastal Processes (Theme 3)

This theme involv es three Research Units and 12 Work Packages. The POL contribution is led by
Judith Wolf ; SAMS by Mark Inall, and PML by Stephen Widdicombe. The total effort is ~ 27 FTE pa
and the theme has the following overall aims:

e To identify, quantify and understan d the interactions between key processes involved in the
functioning of UK estuaries, coastal and shelf seas
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e To determine the extent to which these processes and interacti ons vary through space and time

e To use this understanding to better parameterise whol e-system numerical models as well as
create novel conceptu al models of specific processes

e To quantify the impacts of shelf processes on the open ocean, providing new model
development to incorporate shelf effects into global models

e To predict the consequen ces of environmental change at scales appropriate for ecosystem
management using the outputs of both models an d field/laboratory observations

e To provide new tools for the forecasting and prediction of changes to the shape of, and threats
to, the UK coastli ne.

Specific objectives , summary work-plans and status are given below at the WP level, grouped under

centre -based Research Unis. For detail on rationale and approaches, see the original proposal
(online via www. oceans2025.0rg.

Coastal and shelf sea processes and interactions (POL)
WP 3.1 Global impacts of shelf seas

Specific objectives. i) Quantify and predict dense-water formation, cascading, slope mixing, and
their effects in the ocean. i) Determin e constraints that the ocean margin imposes on adjacent

ocean circulation and fields. iii) Quantify and pre
biogeochemical budgets, in terms of ocean -margin fluxes and budgets of P, N, C, production and CO »;
theshelff-ocean carbon pump and its dependence on context

transport, especially of freshwater and pollutants.

Summary research plan and deliverables

2007i08 e GO cruise data set (Mediterranean outflow in the Gulf of Cadiz)
e  Analysis of 2005 slope mixing experiment
e North Atlantic topographic wave modes analysed

20087109 e  Arctic dense water data set.
e  Model for slope mixing dependencies configured.

20091 10 . Models for cascading flux estimates
. Representation of shelf/slope effects on oceanic flow suitable for a global model.
. Slope mixing parameterisation for NEMO.
. 10-year hindcast and model verification of biogeochemical budgets.

20101 11 . Contribution of shelves to energy dissipation assessment.
. Biogeochemical model system published.
. 50y ear hindcast and prediction of shelf seasd r

2011-12 o Shelf seas6 contribution liseedthe gl obal carbon

Status

e Analysis of GO dataset underway

e Wave mode analyses completed

e ICOM model delay inimplementation on new POL cluster.

WP 3.2 Horizontal patchiness in vertical mixing in stratified shelf seas

Specific objectives . i) Quantify discrepancies between POLCOMS (with the GOTM turbulence scheme)
and observations of thermocline depths/strengths an d diapycnal fluxes. ii) Determine the causes of
these discrepancies in terms of modelled and observed responses to meteorological forcing and in
terms of the potential for patchy internal mixing. ii)  Quantify the importance of non -hydrostatic
processes d the thermocline over typical shelf topographies. iv) Carry out ship -based process studies
focusing on the patchiness of mixing through the shelf thermocline. v) Quantify the consequences of
thermocline patchiness over a whole shelf sea, alongside recomme ndations for process, bathymetry,
and model resolution required to simulate the more important consequences.

Summary research plan and deliverables

2007708 e  Paper on the observed effects of shelf sea banks on biological distributions
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Non-hydrostatic model of an idealised shelf sea bank ready.
Model output produced for 2008 cruise planning.

Complete review of existing observations/modelling of Langmuir circulation over NW European shelf
with respect to wind and wave climate.

2008-9 e  Assessment of the effects of small-scale bottom roughness (modelled).
e  Research cruise summer 2008 i cruise report and data to BODC.
. 1-year run of POLCOMS-ERSEM-WAM.
. Complete review from MARIE project on implementation of coupled 3D wave and current model (paper)
2009-10 . Paper on the non-linear non-hydrodynamics of flow over sea banks.
. Implement full 3D wave-current interaction into POLCOMS-WAM.
20101 11 . Paper on the (observed) physics of mixing associated with a shelf sea bank in a tidal flow.
e Non-hydrostatic model for the investigation of 3-D effects of flow over seabed banks.
e  Tests of effects of wave-current interaction
2011712 . Collaborative paper (led by SAMS) on biological distributions across a shelf sea bank..
e Assessment of the timescales of mixing and biological responses at a seabed bank.
Status

e Three papers in prep on shelf sea banks

Non-hydrostatic model up and running.

Work to start shortly on m odel output using non -hydrostatic model

Langmuir circulation review d&in progress

Associated SOFI research studentship:How does pulsed stratification alter coastal primary and

secondary production? A case study in Liverpool Bayd ( wwniv dfi Liverpool).

WP 3.3

Bottom boundary layer, optics and suspended sediment processes

[This WP combines the objectives and resear ch plans for two activities that were  presented
separately in the original Oceans 2025 proposal. As a result of the merger, WP 3.4 no longer exists]

Specific objectives . i) Acquire new knowledge o n dynamics of sediment flocculation and its impact on
sugpended particulate material (SPM) in shelf seas and estuaries. ii) Provide preliminary formulations
for aggregation -disaggregation and test these formulations using shelf sea models of the Eastern Irish
Sea. iii) Develop understanding of the processes that affect the sedimen t fluxes between estuaries
and adjacent shelf seas. iv) Derive and apply formulations of effects of SPM on optical attenuation
and absorption and assess their potential impact on primary productivity using existing models.

Summary reseach plan and deliverables

20071 08

Fine resolution (~180 m) POLCOMS model for Liverpool Bay and adjacent estuaries, multiyear
simulation.

Article on the turbulence and SPM processes in the Dee Estuary.
Report on the first STABLE Il observations.
New formulation to estimate broad sized distribution suspended particles from acoustic.

20081 09

Paper on Turbulence and sediment processes during a storm

A working version of coupled POLCOMS/SEDTRAN modelling system capable of working in shallow
macro-tidal estuaries.

Report on observations of bottom boundary processes and particle size distribution in the Dee Estuary.
Report on the first seasonal cycle of surface optical characteristics in Liverpool Bay.

2009110

Report on the measurements of the effect of salt marshes on sediment transport, (with PML).
Report on the fine resolution BBL measurements of turbulence and suspended patrticles.

20101 11

Paper on the effect of different bed types on the turbulence and sediment suspension in the BBL.
Multiyear simulation of POLCOMS/SEDTRAN including new flocculation formulations.

2011-12

Multiyear POLCOMS/SEDTRAN/ERSEM with improved optics.
Coupled POLCOMS/SEDTRAN with improved BBL sediment/turbulence parameterisation.

Status

e Fine Resolution Model now working at 180m; to be prepared for publication, in comparison with
COBS data
e Dee Estuary paperand STABLE Repornearing completion
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e Good progress made on acoustic backscatter for broad particle size distributions
e Associated SOFI research studentship:80ptical and acoustic de termination of properties and flux
of estuarine suspended particulate material under waves and tidal currents 6 ( vWWiBdngor).

WP 3.5 Coastal morphodynamics and bathymetric evolution

Specific objectives . i) Identify key sediment transport pathway s in the coastal zone and assess the
performance of existing morphodynamic models against collected data. Identify appropriate
modelling methodologies for coastal evolution. ii) Assess the relative importance of short -term
episodic events (e.g. storms) and continuous slow evolution in determining coastal morphology.

Summary research plan and deliverables

20071 08 . Perform Initial comparison of radar-derived bathymetry with surveys of Dee Estuary.
e Journal paper on Radar Depth Inversion.
. Identification of areas of bathymetry that require updating.

2008i09 ¢ Install 2" Dee radar.

. Complete the contracted radar monitoring of Sea Palling breakwaters for LEACOAST2 & assess the
possibility/value of continuing the monitoring.

e Journal paper on Sand wave migration measured using radar.
. Repeat survey of Dee & other areas of model grids that require it.

20097 10 . Implement sediment transport module in POLCOMS model.
e  Journal paper

20101 11 . .Repeat Dee survey
e Journal paper

2011-12 e 7 yrhindcast of bathymetric evolution of the Dee estuary compared to high-resolution data
e  Journal paper

Status

e Good progress on radar comparisons (Dee)

e Two radar papers in prep, 1 nearly finished.

e Areas for bathymetry update identified , pursuing extra measurements

e Associated SOFI research studatship: 6 Th e mi g r a t-scaenbedddrms linanm egtearine
environment: observation and parameterisation for coastal area modelling 6 ( vBangdr Univ).

WP 3.6 Causes and impacts of extreme events

Specific objectives. i) Develop an appropriate s ystem of sea level data assimilation for the
operational modelling suite within the Storm Tide Forecasting System (STFS), including a robust and
effective real -time quality control for the sea level data used in assimilation studies. ii) Establish a
protot ype forecasting system based on short period ensembles, which can provide a statistical
constraint on forecasts. iii) Assess the consequences to forecasts of regional noise in sea level
signals. iv) Investigate the response of coastal and estuarine system s to flood events resulting from
combined extremes (e.g. surge and rainfall). v) Quantify how extreme sea level has changed, and is
likely to change in future climates, around the European and other continental shelves.  vi) Assess the
differing characteris tic responses of other continental shelves, and identify areas of particular
vulnerability to future increases in extreme sea level. This will also provide a global perspective of
flood risk and sea level variability. vii) Build upon preliminary Defra fund ed research to quantify
tsunami risk to the UK.

Summary research plan and deliverables

2007108 e  Hindcast run of CS3 12km surge model with ERA40 forcing
. Paper on tide surge interaction in the North Sea (new insights).
. Paper on the impact of tsunamis on coastlines within a broad continental shelf.
. Paper on data assimilation options in operational surge models.

20081 09 . Unstructured surge model (real winds) of Irish Sea.
o Improved Bayesian/Fuzzy model of storm surge for Thames estuary.
. Paper on improved statistical description of extreme sea levels for the UK.
e  Paper on the use of ensemble forecasts for coastal flooding.
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2009110

Develop coupled coastal-fluvial model suite.

. Full analysis of regional variability of global surge model.

e  Paper on the validation of an unstructured grid model for surge forecasting.
. Paper on the variability of mean sea level in enclosed shelf seas.

2010i11 e  Model the La Palma tsunami scenario (impacts on Europe).
e Scale analysis of coastally trapped wind forced waves from unstructured model.

2011-12 . Operational coastal inundation and risk model.
. Paper on artificial intelligence methods for flood forecasting.

Status

e Hindcast run of surge model in progress

e Paper published on tide surge interaction

e Paper submitted on the impact of tsun amis on coastlines
e Paper in prep on data assimilation options .

Topographic regime control over shelf sea systems (SAMS)
WP 3.7 Role of topography in determining the spatial variability in horizontal dispersion

Specific objectives . i) Assess and quantly how horizontal dispersion through shelf seas i s affected by
irregular seabed topography. ii) Deliver an understanding on what the rate limiting processes are in
the horizontal dispersion and exchange and mixing rates of stratified shelf waters.

Summary research plan and deliverables

2007108 o Initial idealised modelling studies of stratified flows over banks and deeps. (POLCOMS and MITgcm)

2008711 e  Fieldwork related timing: A better understanding of the causative processes of horizontal dispersion
and mixing in shelf waters.

20107 11 Derivation of parameterizations for horizontal transport and exchange of water masses along and

across the shelf resulting from topographically controlled spatially variable mixing.

2011712 e  Apply and test horizontal mixing parameterisation schemes to current generation (at that time)
operational models.

Status

e Recurrent budgets set, capital budget agreed and staffing levels finalised

e AUV specification scoped and order placed with Hydroid for a Remus600 vehicle ; AUV preparation
facility at SAMS agreed in principle

e Workshop at SAMS on physics of flow over topography(Nov 2007), with HEI participation and co -
support from Hydroid UK

e Preparation for James Cook25 (Celtic Sea, July 2008)

e New staff (John Beaton, replacing Paul Provost)

¢ Importance of SAMSTheme 3 work highlighted in State of Scotland@ Seasreport .

WP 3.8 Pelagic and benthic biogeochemical processes: response to spatial variability in
topographically controlled mixing

Specific objectives. i) To determine how topographically generated horizontal and vertical mixing
and its influence on nutrient ratios will influence the distribution and density of different
phytoplankton, bacterial and micro/meso zooplankton functional groups and hence the rate and
quantity of primary production, trophic transfer and the quantity and quality of carbon deposition to
the benthos. ii) To assess the role of inputs of high quality labile carbon associated with specific
topographical features in fuelling high rates of benthic particle  reworking and solute transport,
promoting microbial mediated remineralisation and increased rates of benthic recycling of inorganic
nutrients. iii) To investigate the role of sea bed topography in modifying cross shelf carbon transport
processes, creating areas of enhanced deposition and erosion.

Summary research plan and deliverables

2007 e Initial cruise, west coast Scotland to determine bloom characteristics and carbon flux, retrieval of
sediment cores to determine organic supply, type and redistribution in areas of topographic change.
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Establish methodology for monitoring bacterial proxies of bethic-pelagic coupling

2007109 ¢ Quantification of the phytoplankton community structure and function, carbon export flux and benthic
remineralisation in areas of complex topography.

2008 e Celtic Sea cruise (25 days), sample collection, shipboard experiments, in situ measurements, and work
up molecular data.

e Synthesis and reporting of observational and experimental data.

20081 11 o Assessment of the role of topography in generating carbon sinks and sources in shelf regions.

2008112 e Determine the role of topography in governing the distribution of planktonic functional groups, rates of
production, trophic transport and export of carbon.

2009 e Cruise to banks and deep holes, west of Scotland, collection of samples, shipboard experiments, in situ
measurements, and work up molecular data.

2010i-11 e Report & publish distribution and utility of proxies (2010) and integration to topography (2011).

2011 o Deliver a better understanding of the processes that govern the distribution of planktonic functional
groups and the related rates of production, trophic transport and export of C.

2012 e Synthesis, providing an improved mechanistic understanding of topography and turbulence generated
physical-pelagic-benthic interactions and their influence on benthic processes, regeneration rates and
carbon storage

Status

e Recurrent budgets set, capital budget agreed and staffing levels finalised

e Preparation for James Cook 25(Celtic Sea, July 2008)

e Importance of SAMSTheme 3 work highlighted in State of Scotland@ Seasreport

e Associated SOFI Carbersnenaralizahion gf shelhand coaétal sediments: A holistic

approach using state of the art lander technology and the eddy -correlat i o n

Glud, SAMS)

WP 3.9 Topographic controls on sediment transport pathways on the shelf

Specific objectives . i) Survey and interpret the complex post -glacial physiography of the shelf and

observe influences on sediment transport pathways. ii) Investigate the age and provenance of modern

UK shelf sediments and analyse their post-depositional history. iii) Investigate and u se specific
geochemical tracers to denote sediment, and therefore contaminant transport pathways on the shelf.

Summary research plan and deliverables

techniqued

2007109 e Initial sediment mapping, legacy data (BGS)
. Initial estimates of bedload transport and benthic boundary conditions.
. Survey (Phase I): side-scan and multibeam imaging, to prepare acoustic map.
. Survey (Phase Il) : coring, for initial sedimentology.
2009111 e Core analysis i sedimentology and geochemistry i identification of geochemical tracers.
. Dataset complete
2011 . Compilation of legacy, acoustic and core datasets into sediment process and pathways map.
. Parameters passed to partner institutions.
2012 e Publication of physiographic and sediment transport map: including improved understandings of
sedimenti borne contaminant transport pathways on the shelf and continental shelf carbon pump.
Status

¢ Recurrent budgets set, capital budget agreed and staffing levels finalised

e Opportunistic coring and swath bathy metry on west coast of Scotland carried out with BGS (on
RRS James Codk other collaborations with BGS under discussion

e Preparation for James Cook 25(Celtic Sea, July 2008)

e Links to successful SOFI grant cee above); Glud team will join JC25 with landers for benthic
demand investigation.

Consequences of climate change and anthropogenic activity on ecosystem functioning of
estuaries, coasts and shelf seas (PML)

WP 3.10 Biological processes affecting ecosystem function: key organisms and mechanisms in a
physico-chemical context
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Specific objectives . i) Describe and quantify the biological processes and mechanisms underlying
sediment erodability and nutr ient flux. ii) Determine the impact of biological processes on the
benthic -pelagic balance of nutrients and sediments. iii) Determine the relative importance of
physical and biological processes to rates of ecosystem function across different sediment type s.

Summary research plan and deliverables

2007i11 e  Experimental studies to quantify the role of ecosystem engineers in hydro-bio-sedimentary process.

20071 09 . Use existing and novel data to develop dynamic models of how suspension feeders interact with their
environments, particularly their influences on pelagic to benthic fluxes of particles and nutrients.

2007i12 e  Use the experimental data to develop a conceptual model describing the mechanisms by which macro-
organisms impact nutrient flux through the mediation of microbial communities.

Status

e Experimental flume studies carried out to quantify the impacts on near -bed hydrodynamics and
sediment erodability and resuspension of various estuarine organisms, low tide rainfall and its
interaction with interti  dal biota, and tidal exposure

e Ecosystem-engineering studies undertaken on a mudflat in the Tavy Estuary , with related work
on the hydrodynamics, sediment transport and sediment accumulation throughout the Tavy,
quantifying the effects of freshwater fl ow, tides, wind and waves

e Experiments undertaken to define and calibrate simulations of dynamic feeding responses in
ascidians, bryozoans and bivalve shellfish, to predict ( with European colleagues the ecological
consequences of resulting pelagic to bent hic fluxes in an aquaculture context

e Impact of Sternapsis (a polychaete worm) on sediment biodiversity and nutrient fluxes has been
determined experimentally

e Protocol developed to investigate the diversity of denitrification and ANAMMOX active micro -
organisms in sediment, and applied in experiments on effect of macrofaunal species on the
diversity and functioning of bacterial and archaeal populations

e Methods for measuring sediment nitrification and denitrification are being refined

e Work on a coarse intertidal sandflat in the Isles of Scilly (published in MEPS) shows that
borrowing urchins and physical processes interact in coarse sediments to alter the 3 D
biogeochemical landscape. Models based on increases in sediment heterogeneity caused by
macrofaunal activity may therefore need to be modified .

WP 3.11 Implications of biotic processes for ecosystem functioning at spatial scales relevant for
management

Specific objectives . i) Model and predict the distribution of sediment habitats. i) Quantify spatial
and temporal variability in the biological proc esses responsible for nutrient cycling and sediment
transport. iii) Determine and quantify the environmental factors that affec t the balance between
benthic, anthropogenic and pelagic nutrient regeneratio n and assessthe impact of changes in this
balance on pelagic primary productivity.

Summary research plan and deliverables

20077 11 . Generate spatially and temporally referenced data set containing information on the abundance and
distribution of key organisms, environmental conditions and ecosystem function.

20081 10 . Carry out experimental sediment studies to quantify the impact of key organisms on nutrient flux across
a range of temporal scales.

20091 12 . Model the effects on nutrient cycling of changing the balance of nutrient regeneration processes.

Status

¢ An initial sediment and biota survey of the local area has been conducted in order to select
appropriate sites for the spatially and temporally referenced survey

¢ Modelling work started to generate da ta sets that map the effects of physical processes in the
Plymouth coastal zone and estuaries (such as bed shear stresses and mixing)

e Collaboration with BGSdeveloped to survey seabed ediments in the Plymouth area

e With European colleagues, we have developed an analytical database of quality -controlled
macrofaunal abundance and distribution records ranging from the Arctic to the Black Sea. Initial
analyses are almost complete and are being developed for publications.
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WP 3.12 Impacts of global change on ecosystem function in estuaries and coastal seas

Specific objectives . i) Describe and quantify the impact of environmental change on the biological
processes and mechanisms underlying sediment erodability and nutrient flux. ii)  Determine the
impact of pH change on the health and structure of body tissues (respiratory, reproductive and

digestive) in marine organisms, as well as key physiological processessuch asacid-base regulation
and reproductive development. iii) Use newly parameterised models to assess the relative risks for

coastal and estuarine ecosystems associated with different carbon sequestration strategies.

Summary research plan and deliverables

200771 10 . Experimental studies to quantify organism and ecosystem vulnerability in response to seawater

acidification.
20101 12 . Model the effects of climate change on sediment transport and coastal defence.
e  Model the effects of climate change on nutrient cycling and primary productivity.
e Assess the use of macro-organisms as biological indicators of environmental change.
. Model the relative environmental risks of carbon sequestration strategies.
Status

¢ Field and flume studies have examined the effects of interactions between currents/waves and
the rigid stems of saltmarsh plants ( Spartina) on sediment erosion and seasonal changes in

morphology of the intertidal shore. Spartina stems enhance erosion and reduce accretion and

therefore Sparthacannot be considered a O6biostabildi
front edge of saltmarsh (coastal defence) occurs when wind speeds are >8m/s

e Modelling work in the Avon Estuary, Devon, has investigate d the effects of freshwater runoff,
tides, winds and waves on hydrodynamics and sediment transport. Similar work will be

undertaken for the Tamar system and extended to study effects of rising sea level and increased

storminess in the Avon and the Tamar

e Precision pH measuring apparatus has been commissioned to enable accurate determinations of

seawater pH. The instrument is calibrated using Tris buffer w ith the same ionic strength as
seawater and employs the seawater pH scale
e Experiments carried out to determine  the impact of seawater acidification on: heavy metal

toxicity in three species of marine invertebrates; the immune system of the blue mussel Mytilus

edulis; and the development of fertilised embryos in the polychaete Pomatoceros

¢ A mesocosm study showed that burrowing urchins influence sediment pH profiles, and increasing

seawater pH changes both activity of the urchins and the community structur e of meiofauna
e Studies started on effect of increasing CO , and future seawater pH change on nutrient
concentrations at the L4 observatory and in the Tamar estuary. We will also investigate the

impact of future acidification processes using stable isotope t racers in incubation experiments.

WP 3.13 Pollutant pathways

Specific objectives

i) To investigate how biogeochemical processes control the exposure and uptake of natural and
synthetic toxicants into biota and the food web. ii) To develop molecular mo  dels to predict the
processes that control exposure.

Summary research plan and deliverables

. Develop appropriate analytical techniques for natural and synthetic contaminants and nanopatrticles.
2007-12 |, Experimental, environmental and theoretical investigations into biogeochemical processes that control

exposure and uptake of toxins.

o Develop simulation and prognostic models that reflect transport, availability and uptake of contaminants
of concern into cells.

o Develop high-t hr oughput A d igipsdor biogekio and poltuthnh toxin®identified as
important in a human risk context.

Status

o Analytical techniques have been developed/refined for pharmaceuticals, personal care
products, phenolic endocrine disrupters and C60 fullerenes.

o Photolysis of triclosan and C60 fullerenes has been investigated. Evaluation of estuarine
behaviour of synthetic musks is underway.
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o Interactions between climate change and contaminants have been investigated and published in
an international collaboration.

o Simulation models for musks are under development (jointly with Astra -Zeneca).

J Immunoassay protocol for hydrocarbons in sediments has been published. Microbial bioreporter
performance has been tested on biological fluids (jointly with Univ of Exeter and Lausanne).

3.4 Biodiversity and Ecosystem Functioning (Theme 4)

This theme involves three Research Units and 7 Work Packages. The RML contribution is led by Paul
Somerfield; SAMS by Mike Burrows, and MBA by Colin Brownlee. The total effort is ~11 FTE pa and
the theme has the following overall aims:

e To identify the critical species -level processes needed for next-generation ecosystem models that
will effectively characterise the effect of marine biodiversity on ecosystem functioning. This may
either involve extend ing and refining existing approaches, or developing entirely new ones

e To understand how resilient and predictable marine ecosystems are in response to environmental
change, including habitat modification, species loss and species invasions, in realistic ph ysical
environments

e To determine the role of trophic interactions in controlling energy flow, and in contributing to the
diversity and structure of marine ecosystems and their response to change

e To identify the important temporal and spatial scales of var iation in coastal marine biodiversity

e To describe links between biodiversity and ecosystem function at different levels of biological
organisation and complexity.

In addition to the above, Theme 4 will address more specific knowledge gaps, with emphasis on
e The extent and importance of microbial diversity in coastal systems

e The extent to which knowledge of benthic dynamics is essential for understanding pelagic
ecosystem functioning in shallow seas; in particular, how the reproductive output of benthic
invertebrates contribute s seasonally to pelagic systems

e The importance of viral and fungal pathogens as well as the diversity of bacterial -algal
interactions in controlling ecosystem functioning at key trophic levels

e The role of biotic and abiotic factors in  determining recruitment success for key intertidal species
(fucoid algae).

Specific objectives , summary work-plans and status are given below at the WP level, grouped under
centre -based Research Units. For detail on rationale and approaches, see the orig inal proposal
(online via www.oceans2025.0rg).

Mechanisms regulating marine biological diversity (PML)
WP 4.1 Determining the characteristic scales of variation in biodiversity in coastal and shelf seas

Spedfic objectives . i) Develop molecular methods to quantify microbial biodiversity and functioning
i) ldentify changes in coastal ecosystem biodiversity and function using long -term data from SO 10
(Western Channel Observatory, WCO;station L4). iii) Determine the characteristic scales of spatio -
temporal variability in coastal and shelf seas.

Summary research plan and deliverables

2007 -09 | e Develop methods for tracking microbial diversity and function through time using microarrays and
deploy them at L4 (SO 10)

e Develop and deploy methods for in situ study of turnover rates of specific groups of marine prokaryotes

2007 -10 e Determine how biological assemblages change in response to changes in key environmental
pressures/drivers over a range of spatial and temporal scales

2007 -12 e Analyse data from SO 10 to elucidate patterns and the processes driving change

e Determine the spatio-temporal variability in assemblage structure in pelagic and benthic systems under
unimpacted (or null hypothesis) conditions and the relative impacts of different pressures.
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Status

o Methods for determining in situ turnover rates are being developed using E. coli and approaches
based on FISH and fastsorting flow -cytometry. We will then develop a dual-staining approach,
applying the method to gro ups of relevant marine bacteria

J Extraction of high quality DNA from archived filters collected over 7y r at the WCO( SO 10)is
near-complete, allowing study of spatio-temporal relationships between gene diversity,
expression and phytoplankton blooms. With other funding , bacterial and archaeal diversity and
gene expression are being investigated using 454-16Stag and metatranscriptomic approaches

o Two PhD students are working with us to link spatio -temporal variation in bacterial diversity a nd
their utilisation of organic phosphate

o Continuous measurements of egg production by Calanus have been resumed, as an adjunct to
the regular sampling of phytoplankton and zooplankton. The zooplankton data are being made
more accessible and comprehensive series of statistical analyses are underway. Working with
European partners this will allow us to make comparisons between different time  -series.

WP 4.2 Linking benthic dynamics to pelagic ecosystem functioning in shallow seas

Specific objective s. i) To quantify the proportion of benthic production exported to coastal pelagic
systems as biomass. ii) To quantify the role of benthic larvae in coastal pelagic systems. iii) To
develop molecular methods for routine identification of benthic larvae. i  v) To develop a molecular
approach to determine prey selection in zooplankton. v) To resolve links between prey diversity,
feeding choices and reproductive success in holo- and meroplanktonic species. vi) To estimate the
effects of a range of global change s (temperature, pH, UV) on zooplankton dynamics and production.

Summary research plan and deliverables

2007-09 o |dentify the timing and annual pattern of larval release in the dominant species
e Develop molecular methods for the routine identification of larvae of a range of species
o Develop a PCR-based method to assess prey ingested by mesozooplankton, and deploy it at SO 10

2009-12 o Quantify intra- and inter-annual variability in the proportion of energy and carbon produced in the benthos
and exported to the plankton

¢ Quantify the impact of meroplankton in the pelagic foodweb

2010-12 4 Determine the effects of dietary changes on expression of selected Calanus development genes
o Define the biochemical controls of ingestion, growth and reproduction in zooplankton
e Quantify relationships between diet and variability in population dynamics and secondary production

Status

e Work is underway to determine the best methods for sampling larvae at the WCO and to assess
the prevalence of different taxonomic groups at th e site. Methods for molecular identification of
larvae are being developed (with a PhD student).

e A preliminary survey was made to choose sites and organisms for work on secondary production
and reproduction ; there will be another survey in spring 2008, before starting the full campaign

e A comparison of reproductive patterns among copepods with different life  -histories is in progress
(with European colleagues), including (with an MSc student) at WCO, and relating results to
variability among phytoplankton

e Associat ed SOFI| Exerdngtherscale of gharinerbiodiverdity research: spatial
models of the European macrobenthosdPI, TJ Webb, Sheffield).

WP 4.3 The influence of biodiversity on ecosystem function at different levels of organisati  on

Specific objectives . i) Determine how changes in genetic diversity allow marine viruses to adapt and
function. ii) Clarify how cell -signalling links microbial biodiversity and functioning in marine systems.
iii) Establish the link between diversity in  particular genes and tolerance of anthropogenic and
natural stress in marine invertebrates. iv) Experimentally assess the potential effects of changes in
the benthos on coastal pelagic systems

Summary research plan and deliverables

2007 - 09 e Characterise the novel genes acquired by Coccolithovirus and determine the physiological and ecological
conseqguences

2007 -10 e Establish the role of bacterially-derived signalling molecules in the development and maintenance of
marine microbial and algal communities
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2009-12 e Rel ate polymorphisms in promoter anmldtedgehes tonoterarcess
to anthropogenic and naturals stresses in marine invertebrates

e Develop a system to expose plankton communities to predation within the mesocosm

Status

e Microarrays have been used to screen the genomic content of coccolithoviruses in the Plymouth
Virus Collection, which revealed that they are highly diverse. Similar methods are being applied
to the host strains, and assessing their susceptibili ty to infection

e The acquisition of sphingolipid biosynthesis pathways in the coccolithoviruses are being
investigated and compared with the host, Emiliana huxleyi , to assess the shared history of their
genes. One isolate has been found to lack most of t he pathway and its genome is currently (with
additional NERC funding) being sequenced

e The bacterial composition of biofilms on natural surfaces colonised by Ulva has been
determined : the complex consortium present produces and degrades signalling molecule s.
Bacterial strains have been developed to detect signalling molecules, and will be used to
examine colonisation of surfaces in the marine environment. We have also developed a signal -
deficient mutant to explore the role and extent of signalling

e Assogated SOFI studentship: THhe signal-based relationship between marine bacteria and the
green seaweed Ulvad (with Univ of Nottingham).

Resilience and predictability of ecosystem services (SAMS)
WP 4.4 Contrasting roles of predators and prey in energy f lows

Specific objectives . i) Contrast responses to global change in top -down versus bottom-up structured
foodwebs. ii) Investigate the capacity for marine generalist predators to exert top  -down control on
alien prey assemblages given varying levels of prey biodiversity prior to the environmental change.

Summary research plan and deliverables

2007 -08 e  Manipulate grazer densities in rocky shore systems to determine the strength of top-down control
e  Rear trophic specialist and trophic generalist urchins

2007 -11 o  Develop and test models of top-down and bottom-up controlled systems using coupled population
models and agent-based approaches

2008 -09 o Establish strength of bottom-up control in flatfish nurseries and benthic filter feeder assemblages

2009-10 e  Manipulate local conditions to determine the susceptibility of top-down and bottom-up control to
environmental change

2009-11 e  Experimental testing of foraging success of urchins in contrasting prey assemblages

Status

¢ First phase deployment of field enclosures with grazers at different densities completed

¢ Monthly maintenance and censuses of plots completed

o 7™ annual census of Scottish west coast flatfish nursery areas completed

e First year class of urchins (two species) produced for experiments in 20 09; replicate batches to be
established on pre-selected diets.

WP 4.5 Microbial mediation of primary productivity and algal  biodiversity

Specific objectives . i) Quantify the strength and direction bacterial species richness and composition
plays in influencing phytoplankton growth and photosynthetic efficiency. ii) Identify bacterial
community structures (size/composition) that may predict stability and/or resilience or shifts in algal
productivity. iii) Assess prevalence of eukaryotic pathogens in al gal populations d correlate with
population recruitment and primary productivity.

Summary research plan and deliverables

2007 6 FRREF calibration of model alga; complete bacterial isolations and 16S rDNA sequencing of diatom-
associated bacteria (n O 200 bacteria). Publ i sh
2007-08 0 Develop real-time PCR assay to identify Eurychasma in the field. Report/publish assay development

2008-09

O¢

Begin and conclude culture experiments; analyse data; quantify effects and identify community structures
important to stability, resilience or impact on algal productivity.

24




2010 0 Report and publish findings to scientific community and stakeholders

2010-12 0 Field based surveys of Eurychasma infection levels across geographic gradient and seasonally. Integrate
infection levels to brown algal species type/distribution and influence on coastal productivity.
Report/publish findings to scientific community and stakeholders

Status

e Completed development of real -time PCR assay for quantification of Eurychasmainfection density
in defined laboratory brown algal cultures

e Validation of real -time PCR for quantifying Eurychasmainfection in field -collected algal samples

e Publication in prep on above research developments

e Associated SOFI research grant:6 Mol ecul ar and ecol ogi cal i nvestigat
of Eurychasma dicksoniio n b r o w n(PlaPlvghaMegi, Aberdeen).

WP 4.6 Linking habitat complexity, size diversity and invasion -related changes to the delivery of
ecosystem services

Specific objectives. i) To quantify the role of habitat complexity in determining specie  s- and size-
diversity under a range of environmental conditions. ii) To relate habitat -induced changes in species
and size diversity to system stability and resilience to biological invasions. iii) To measure how
habitat complexity, and the scale of that complexity, can be modified to suit commercially relevant
species under a range of environmental conditions.

Summary research plan and deliverables

20077 08 e Establish small-scale experimental substrata (in addition to that provided by the Loch Linnhe artificial
reef) of various habitat complexities

20087 09 e  Manipulate species diversity, introduce alien species and monitor community response.

20117 12 e Produce high-quality publications, inform society regarding offshore structure design optimisation to
maximise fisheries and minimise susceptibility to invasions.

Status
e Evaluation of potential con struction materials for cost -effective delivery of quantifiable habitat
complexity

e Field sites for initial experimental work have been characterised
e Experimental design finalised, includ ing respiration monitoring and deployment/recovery
logistics.

Recruitment and survival in coastal ecosystems (MBA)

WP 4.7 Functional responses of intertidal assemblages to environmental change

Specific objectives . i) ldentify the major factors underlying recruitment and survival mechanisms of
key species at molecular and cellular level s. i) Identify and characterize mechanisms of short and
long term adaptations of macroalgae (fucoid embryos) to physical changes. iii) Impro ve under-
standing of the complexity of chemical, physical and biological interactions in biofilms and the
consequences for population and community dynamics.

Summary research plan and deliverables

2007 - 08 e Characterization of the key life stages that are susceptible to biotic stress

2007 - 09 ¢ |dentification of key signalling genes involved in abiotic stress perceptions and response

2008 -09 e Experimentally verified models of responses to abiotic stress and grazing perturbations

Status

e We have found that closely related fucoid species have evolved distinctly different physiological
strategies to survive osmotic stresses at the early embryo stage, depending on their position on
the shore and seasonality of gamete release

e A high throughput fluorescence -based method for distinguishing between different
morphologically -identical fucoid species has been developed and is being applied to laboratory
and field experiments
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e Field experiment protocols have been established to monitor rates of fucoid embryo suppl vy and
recruitment in situ

e The MBA team are partners in the Ectocarpus genome sequencing programme. This activity will
inform future studies of gene expression in fucoid embryos in relation to abiotic stress.

3.5 Continental Margins and the Deep Ocean (Theme 5)

This theme is wholly hosted at NOCS and led by Doug Masson. lItinvolves 8 Work Packages, with a
total effort of ~ 24 FTE pa Component WPs were originally grouped in two Research Units but

these have now been integrated. T heme 5 has the follo wing overall aims:

e To understand the causes, frequency and predictability of submarine geohazards

e To apply scientific knowledge to the sustainable management of the ocean and its resources

e To understand the processes controlling the vertical flux of carbon between the base of the photic
zone and the seabed and to quantify this flux

¢ To quantify fluxes of carbon and fluids from the sub -seabed into the deep ocean and their
contri bution to global carbon budgets

¢ To determine how the carbon flow interacts with de ep-ocean pelagic and benthic communities in
the open ocean and on the continental slope

¢ To investigate how benthic ecosystems on continental margins and in the deep ocean respond to
spatial and temporal variation in environmental parameters.

Specific obje ctives are given below at the WP level, together with information on main deliverables,
fieldwork plans and status. For detail on rationale and approaches, see the origin al proposal (online
via www.oceans2025.org). Highlights of Theme 5 work to date include completion of research cruise
James Cook 10 with e xtensive suite of geological and biological data collected from mud volcanoes
in the Gulf of Cadiz and submarine canyons west of Iberia and southwest of the UK. Two senior
researchers (sedimentology and geochemistry) and two junior researchers (volcanic hazards
/sedimentology and numerical modelling) have been recruited to complete the Oceans 2025 team in
Geology and Geophysics at NOCS

WP 5.1 Physical controls on the benthic ecosystems of continental margins

Specific objectives . i) To describe the physical environment of continental slope canyon systems

(bathymetry, distribution of substratum / sediment facies, physical oceanography) at scales that

relat e to the distribution of distinct biological comm
specific canyons, both by direct monitoring and from the sediment record. ii) To describe the major

ecological components of each canyon system and, by ref erence to the physical parameters, to

investigate and ground-truth the distribution of distinct biotic communities within each canyon.

iii) To synthesise the physical and ecological information leading to an understanding of the

landscape ecology of canyon systems relevant to their environmental management.

Summary research plan

2007 ROV cruise to Iberian margin canyons and mud volcanoes in Gulf of Cadiz

2009 ROV cruise to Bay of Biscay canyons.

2010 Sampling/geophysics/biology cruise to study fluid flow on Hatton Bank

2011 Follow-up canyons cruise to address new issues highlighted by previous research

Main deliverables

e Understanding canyon/slope morphology, sediment facies, sediment transport, oceanography and
biogeochemistry sufficiently to allow first order prediction of biological community distribution

¢ Identification of environmental management units (biological communities/habitats), key
environmental controls on biological distributions, and the vulnerability of various ecosystems.

Satus

e Completed first seabed experiments with ROV studying the effect of organic matter input on
specialised canyon fauna in Nazare and Setubal canyon systems

¢ First mapping, using the ROV, of fine scale changes in the distribution of key benthic fauna
relative to mud flows from mud volcano in the Gulf of Cadiz
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e Studies on fine-scale mapping, recolonisation and resilience of biological communities following
physical disturbance using commercial ROVs (SERPENT programme, exterrldy funded)

e International worksho p on habitat mapping for ocean management sponsored at NOC by Census of
Marine Life field project COMARGE (Continental Margin Ecosystems on a Worldwide Scale)

e New outreach web site (www.deepseascape.com) launched with Esme Fairburn Foundation
funding and site archived by the British Library

e Successful experiments on the use of seabed classification algorithms for mapping and monitoring
of cold -water coral habitats; including a study on the repeatability and comparability of image
texture from different typ es of acoustic data (with Univ of Bath).

WP 5.2 Causes, frequency and prediction of geohazards such as landslides and tsunamis

Specific objectives . i) To assess the frequency of landslides on continental margins. ii) To quantify
the landslide and tsu nami risk posed (to the UK and elsewhere) by volcanic oceanic islands, such as
the Canary Islands.

Summary research plan

2008 e  Coring cruise, record of catastrophic events in deep basins along European margin
e NERC consortium cruise to Sumatra
. IPY-supported cruise to Svalbard margin, gas hydrates/geohazards

2011 e  Follow-up canyons cruise to address new issues highlighted by previous research

Main deliverables

e Quantifying the frequency of catastrophic events related to natural hazards in the NE Atlant ic.
e Improved models for tsunami generation associated with landslides.

e Assessing carbon release from gas hydrates to the atmosphere in response to global warming.
e Quantifying carbon flux from active mud volcanoes and understanding of their plumbing.

e Quantifying carbon fluxes from volcanic sill intrusions and sediment dewatering systems.

Status

¢ Associated SOFIresearch studentship : Mdadelling tsunamis from reconstructed landslide scenarios
using SPH®  ( wWhit di Manchester) and collaborati on on tsunami modelling with Univ of Oslo

¢ Preliminary study of large volcani c landslides in the Cape Verde islands completed; studies on
landslides, pyroclastic flows and tsunamis off Montserrat in pr ogress

e Coring cruise to the Sumatra trench undertaken in collab oration with Oregon State Univ;
recovered sediments are providing information on earthquake geohazards

e Laboratory and theoretical modelling study of gas hydrate morphology and effect on sediment
physical properties underway, including experiments on synth etic and real hydrate -bearing
sediment cores. Collaboration with Civil Engineering at Univ of Southampton.

WP 5.3 Physical processes regulating the transport of sediments to the deep ocean

Specific objectives . i) To quantify the physical controls o0 n sediment transport through submarine
canyons, including the processes bring sediment into canyons; the drivers of episodic sediment
transport processes (e.g. turbidity currents) and their frequency; the interactions between canyons

and ocean currents; and the influences of sediment transport processes on canyon benthic ecosystems
(with WP 5.1). ii) To investigate through coring, imaging and modelling deep-water gravity flow
processes and deposits for key deep-water environments (distal fan deposits, subm arine channels and
basin floor sequences).

Summary research plan

2007 e ROV cruise to Iberian margin canyons and mud volcanoes in Gulf of Cadiz

2008 e Coring cruise, record of catastrophic events in deep basins along European margin

2009 e ROV cruise to Bay of Biscay canyons
¢ Nile fan, sediment transport (possible industry consortium)

2010 e Sampling/geophysics/biology cruise to study fluid flow on Hatton Bank

2011 e Follow-up canyons cruise to address new issues highlighted by previous research.
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Main deliverables
e Quantification of bottom stresses and energy associated with internal waves and tides in canyons
e Understanding the oceanographic characteristics of varied sediment transport regimes in canyons

Status

e A study of giant gravity flows in canyon -channel systems off northwest Africa is in progress; initial
results have been published in Nature and featured on the BBC News website.

e Processes and deposits of landslides and gravity flows in canyons off western Portugal have been
characterised and mult iple papers are now published or under review.

WP 5.4 Transport of hydrocarbons and aqueous fluids from the sub -seafloor to the seabed and their
part in carbon fluxes

Specific objectives . To assess i) how fluid flow (e.g. via cold seeps) controls be nthic ecosystems; ii)
the mobility of marine gas hydrates and their potential role in climate change; and iii) how gas
hydrate dynamics affect submarine slope stability.

Summary research plan (cruise schedule for WP 5.1-5.4, 5.7 -5.8)

2007 ROV cruise to Iberian margin canyons and mud volcanoes in Gulf of Cadiz

2008 IPY-supported cruise to Svalbard margin, gas hydrates/geohazards.

2009 ROV cruise to Bay of Biscay canyons

2010 Sampling/geophysics/biology cruise to study fluid flow on Hatton Bank

Main deliverables

e Assessing carbon release from gas hydrates to the atmosphere in response to global warming

¢ Quantifying carbon flux from active mud volcanoes and increasing understanding of their plumbing
¢ Quantifying carbon fluxes from volcanic sill in trusions and sediment dewatering systems.

Status

e Two industry funded PhD studentships (quantification of reservoir fluids using seismic and
electrical geophysical measurements) started Oct 07 in collaborations with OHM plc, SOES (Univ.
Southampton) and BGS Edinburgh

A New collaboration with the Univ of Bremen: joint cruise to study fluid migration and venting on
the Makran continental margin (Arabian Sea off Pakistan and Iran)

e Extensive set of water samples and sediment samples collected from mud volcan oes in the Gulf of
Cadiz during JC10. Initial water column analysis show s dissolved methane above both the Darwin
and Mercator MVs i nitial sediment analysis indicate s a variable distribution of not only dissolved
methane but higher hydrocarbons

e Papers pulished on fluid flow systems and their influence on benthic ecosystems offshore Anglo,
Zaire, and Norway and in the Gulf of Mexico and Gulf of Cadiz

e Successful bids to the EC resulted in funding for the EMSO and ESONET projects making sure that
Oceans2025priorities are reflected in EU scientific priorities

e EU funding obtained for a Eurosite demonstration mission to study pore pressure changes in
sediments during earthquakes.

WP 5.5 Application of scientific knowledge to the management of ocean resour ces

Specific objective. To provide to UK government departments (FCO, DBERR and Defra) independent,
policy-relevant technical advice (e.g. on territorial sovereignty, marine scientific research, resource
management, and the preservation of the marine en vironment) to help develop and monitor UK
maritime policy in the UNCLOS framework.

Summary research plan

2007 -12  Ongoing advice and related activities, as required for UK participation in UNCLOS

Main deliverables
e Preparation of UK continental s helf claims beyond 200 nautical miles
e Continued capacity building for overseas governments in UNCLOS issues.
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Status

e Joint submission by France, Ireland, Spain and the UK to the Commission on the Limits of the
Continental Shelf (under Article 76 of UNCLO S) for the area of the Celtic Shelf and the Bay of
Biscay. Submission defence orrgoing at the UN in New York. The remaining three UK claims wil | be
submitted in 2008 and 2009

e Continued provision of long term advisory commissioned research to four coastal S ates on UNCLOS
issues, as well as delivery of four other specific desktop studies o n continental shelf entitlement

¢ Knowledge transfer through the development of an UNCLOS masters programme/short course
module and planned Ocean Stewardship Forum for June 2008 at NOCS.

WP 5.6 The General Bathymetric Chart of the Oceans (GEBCO)

Specific objective . To develop, maintain and update an accurate, authoritative and high -resolution
digital bathymetry for the global ocean (GEBCO, with BODC).

Summary research plan

2007 -12  Ongoing activities to improve the GEBCO database

Main deliverables
e Provision of global digital bathymetry, updated as new data becomes available; web access to
dataset and the IHO/IOC gazetteer.

Status

e GEBCO is updating its global digital ocean bathymetry database by including satellite -derived
predicted bathymetry in remote and unsurveyed areas. This will aid geological interpretation of
seafloor topography, allow more accurate modelling of deep ocean currents and improve tsunami
inundation models.

WP 5.7 Twilight zone dynamics

Specific objectives: i) To determine how the properties of the twilight zone (below thermocline, to ~
1000 m) are structured by surface ocean processes. ii) To quantify and model the rates of downward
flux and biogeochemical transformations of biogenic matter in the twilight zone.

Summary research plan

2008 RVKnorr cruise participation to study Twilight Zone biogeochemistry at Ocean Weather Station
India (focus area for sub-polar process studies)

2009 Ocean Process cruise studying whole water column processes and benthic community at the
Porcupine Abyssal Plain observatory

2010 ROV cruise to Porcupine Abyssal Plain observatory for in situ experimentation and whole water
column studies

Main delivera bles

¢ Assessment of spatial variability and interrelationships between Twilight Zone processes and
surface water biogeochemical provinces

¢ Fine temporal resolution of connectivity between ocean surface and Twilight Zone at the
Porcupine Abyssal Plain(PAP)observatory

¢ Identify long -term trends in the quantity and quality of export flux at PAP

e Ecosystem model of the Twilight Zone assessing the relative roles of bacteria and zooplankton and
climate sensitivity .

Status

e New data from Porcupine Abyssal Plainobservatory show that export flux from the upper ocean
can vary by an order of magnitude from year -to-year

e Completion of lan Salter PhD (Particle fluxes in the NE Atlantic and Southern Ocean ) showing high
lithogenic fluxes are by high fluxes of &reshdorganic matter, indicating the presence of an abiotic
pump that transfers labile carbon to the deep ocean

¢ Publication of papers on Twilight Zone dynamics in Deep-Sea Research(special volume on The
Crozet Natural Iron Bloom and Export Experiment )
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e Ocean Weather Station India (sub polar process study area) moorings recovered and redeployed

e New NEREunded studentship started studying Twilight Zone biogeochemistry and
remineralisation of organic matter

e Associated SOFl researchgrant:d Twi | i ght zoceareflodr. ®@evelopirgpan understanding
of particle dynamics and trophic interac(Ph@ns wusin
Wolff, Liverpool).

WP 5.8 Benthic system dynamics

Specific objectives : i) To determine benthic community structure, lif e history traits and the
biogeochemistry of organisms at a variety of contrasting biogeochemical provinces. ii) To use in situ
incubation experiments to test the effects of changes in organic matter flux (quantity / quality) on

life processes (respiration , reproduction, excretion, growth) of deep -sea organisms. iii) To couple
benthic models to ecosystem models (developed elsewhere in Oceans 2025), to investigate how
variability in surface ocean and water column processes affects deep -ocean benthic ecosystems.

Summary research plan

2009 Ocean Process cruise studying whole water column processes and benthic community at the
Porcupine Abyssal Plain observatory

2010 ROV cruise to Porcupine Abyssal Plain observatory forin situ experimentation and whole wat er
column studies

Main deliverables

e Assessment of spatial variability and interrelationships between benthos and surface water
biogeochemical provinces

e Fine temporal resolution of connectivity between ocean surface, Twilight Zone and benthos at the
Porcupine Abyssal Plain (PAP) doservatory

e Determine effects on the structure of the abyssal benthic community  of long-term trends in the
gquantity and quality of export flux at PAP

e Parameterisation of deep ocean mixing processes

¢ Insitu ROV deployed chambersto test how organic detritus from various phytoplankton groups
affects key benthic species on the abyssal seafloor .

Status

e Large-scale temporal changes in the abundance of polychaete macrofauna detected at PAP site,
following similar trends in other com ponents of the abyssal benthic ecosystem and showing large -
scale changes in speciesdominance and faunal diversity

¢ Publication of a paper on benthic responses to export flux in  Deep-Sea Research(special volume
on The Crozet Natural Iron Bloom and Export E xperiment )

e Completion of Tani a Sé&uoal Ghdmisttyhnkdhe Ddeg3eads sdhrowd ng t hat
different key deep -sea benthic species have different carotenoid pigment requirements for
reproduction and how these relate to changes in the quality of orga nic matter supply.

3.6 Science for Sustainable Marine Resources (Theme 6)

This theme involves three Research Units and7 Work Packages The POL contribution is led by Roger
Proctor, PML byJerry Blackford, and MBA by David Sims The total effort is ~ 8 FTE pa. The overall
goal of this t heme is to separate anthropogenic impacts (global, regional, local) from natural

variability on the provision of marine renewable resources, biological and non -biological. This goal
will be addressed through studies of :

e Physical drivers i processes that affect macro-scale components of ecological systems, and their
changing states (regimes) for the North East Atlantic and North West European shelf seas over the
last 50 years

e Ecosystem dynamicsin time and space i disentangling climate change and fishing impacts by
analyses of longterm data for plankton, benthos and fish; and identify ing biologically -relevant
management units and scales of response

e Species dispersali with focus on invertebrates and fish, and the invasion processesfor non-
native species
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e Renewable energy d potential effects of climate change on wind, wave and tidal power
distribution ; impacts of renewable energy schemes on coastal processes and the integrity and
persistence of marine habitats and assocated organisms

e Marine resource managementi ecosystem responses to environmental perturbations in terms of
the sustainability of marine bioresources ; policy-relevant advice and decision -support tools for
environmental managers; coupled analysis of key observational data sets; and identif ication of
gaps in longterm time series , making recommendations for monitoring strategies.

Specific objectives are given below at the WP level, with summary work-plans and status grouped
under centre -based Research Units For detail on rationale and approaches, see the original proposal
(online via www.oceans2025.0rg). Capital spend for this theme includes a 320 node qu ad core
computer cluster at PML (also to be used for theme 9) .

Climatological trends in the physical environment (POL)

WP 6.1 Decadal variability of the northwest European shelf seas

Specific objectives. i) Quantify the relative importance of atmospheric, oceanic and riverine forcing

on shelf sea hydrodynamics and identify how these signals propagate through the ecosystem to higher
trophic levels. ii) Identify mechanisms by which climate change affects these interconnections and
quantify the expected levels of natural versus anthropogenic variability on decadal  time -scales. iii)
Investigate the potential changes in wind, wave and tidal power distribution due to climate change

and the impacts of renewable energy schemes on the physical environment, including implications

for coastal processes e.g. morphodynamics, coastal defences and habitats. iv) Implement models to
aid marine spatial planning and management in order to minimize damage to marine habitats caused
by exploitation of marine resources

Summary research plan and deliverables

2007 -09 e Analyses of first results from multi-decadal runs of separate wave and hydrodynamic models,for
climatological mapping and trends

2008 -10 e Analysis of multi-decadal runs of coupled physical-ecosystem model producing better quantified
maps of benthic habitats by including the relevant physical variables such as temperature, salinity
and bed stress

2009 -11 o Analysis of model sensitivity studies (carried out in Theme 9) to improve understanding of the
sensitivity of key variables to changes in meteorological, ocean and river forcing

2010-12 e Analysis of the trends in the multi-decadal model runs to improve our understanding of the changes
in shelf seas due to natural and anthropogenic effects.

Status

e The future wave climate of the North Atlantic and UK waters has been investigated using models
forced by Hadley Centre model winds und enre dé um hidgddi wmdl o wdscanamoss si ons
Conditions driven by a simulated present day climate (1960-90), were compared with a future
time -slice (2070-2100)

¢ On the Atlantic scal e, increases in both mean and high percentiles of winter significant wave
height (SWH) were predicted for both future scenarios

e A strong winter increase was predicted in the NE Atlantic and SW of the UK for both the mean and
maximum SWH accompanied by a decrease in the mid -latitudes of the N Atlantic

e The A2 scenario showed stronger changes due toa larger increase in winter storminess , with
implications for predicted coastline morphology due to increased average wave energy and
extreme wave heights hitt ing the coast

e These results have been presented at the International Conference on Estuarine and Coastal
Modelling 2007 and will be published in reviewed proceedings

e A paper is also in prep on the temperature and salinity variability of the North West Eur  opean
shelf from decadal runs (1960-1999) of the POLCOMS baroclinic hydrodynamic model.

Understanding how environmental changes translate to ecological responses and economic
impacts (PML)

WP 6.2 Reanalysis and integration of existing long -term dat a sets to determine patterns and
potential causal links
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Specific objectives . i) To address the fragmentation of marine data by performing coupled analysis of
several key observational data sets. ii) To identify and dissociate the vectors responsible for
variability from those responsible for long term changes in biological populations . iii) To identify key
gaps in long-term time series and make recommendations for monitoring strategies.

Summary research plan and deliverables

2007 -09 e Re-analysis of AMT, WCO/L4 and Earth Observation data sets.

2009 -11 o Integrated data analysis

2010-12 e Recommendations for improved monitoring and observation strategies

Status

e Methodology developed and presented internationally for analysis of dynamic fronts f rom space,
with 10 yr data analysed, paper in prep. Ocean colour re -analysis ~80% complete. A methodology
for coccolithophore detection from space has been developed, paper submitted

e Development of techniques to utilise spatial and temporal structures in EO an d model data is
underway, with papers in press or published on predicting key economic species (Octopus)
distribution from EO ; the role of cross shelf currents in provoking harmful algal blooms ; the
geographical adsorption properties of the North Sea ; and the methodology for classifying ocean
provinces and the determination of phy toplankton size classes from EO

e Three papers published on spatial, temporal and metabolic patterns in plankton populations with
four papers (published, in press, or in review) on production and respiration relationships,
providing data for model evaluation

e Work continues on the L4 time -series, identifying key gaps and developing methods to correct for
methodological heterogeneity, greatly improving the usefulness of the data

e Paperin prep linking EO data with epibenthic biodiversity. Analysis of large-scale patterns is
underway for shelf seas benthic data from the Arctic to the Black Sea , with European colleagues;
time-series data now being collected and collated . Paper submitted on integrati on of 95
different datasets to examine general patterns in species abundance distributions.

WP 6.3  Model hindcasts to determine the basis of observed variability and ensemble forecasting of
human effects

Specific objectives . i) To recreate, with a complex regional coupled ecosystem -hydrodynamic model
the observed ecosystem patterns of the last ~50 years. ii) To identify, on the basis of ecosystem
function, the mechanisms that connect environmental drivers of variability and change with

ecosystem response in the region and its sub-domains. iii) To produce an ensemble of predictive
model scenarios and a probabilistic assessment of system vulnerability.

Summary research plan and deliverables

2007 -09 e 50 year model hindcast, archived and validated.

2008 -10 e Production of a model 50 year hindcast validation data set.
e Ecosystem functional analysis of causal links to observations and regional comparison.

2010-12 e Multi year scenario forecasts with probability statistics with assessments of robustness.

Status

e Multivariate methods usedto compare model outputs with observational data (to understand
errors and model behaviour, for subsequent application later in the project);  paper submitted

e WP progress has been slowed due to delays in Cluster purchase,(un) availability of underpinning
physics from POL, and staff turnover

e Co-support obtained through FP7 (MEECE and EPOCA, subject to contract) and NERC (@st-Fish)
to contribute to the development and analysis of hindcast and forecast scenarios. EPOCA
examines ecosystem response to acidification, MEECE investigates trophic connectivity in
response to climate change and Quest-Fish will look at climate impacts on marine bioresources
(fisheries).

WP 6.4  Using ecosystem knowledge to predict bioresources and services, and provide policy
advice
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Specific objectives . i) To identify appropriate ecosystem indicators to provide objective and
quantifiable indices for the major goods and services derived from the marine system. i) To analyse
the sensitivity of goods and services to anthropogenic impacts at different spatio -temporal scales.
iii) To develop conceptual decision support tools to guide environmental management practice.

Summary research plan and deliverables

2007 -09 e Meta-analysis of anthropogenic impacts on ecosystem function and diversity

2008 - 10 e Identification of ecosystem indicators that provide quantifiable indices for bioresources

2009 -11 e Bioeconomic model to estimate value trends of marine ecosystem goods and services

2010-12 e Recommendations for improved monitoring and observation strategies
e Conceptual models for spatial planning and decision support tools

Status

o Goods and services review is in press; other papers in prep arising from PML/MARBEFworkshop
on valuation, and on Scilly Isles case study (valuation of gas and climate )

o Decision support tool for development of M arine Protected Areas under review

o Data analysis workshop arranged for April 2008

o SOFI bidunder review. EU integrated project proposal (Ecosystem ap proach to management) in
prep. Paper in pressthat collat es and analyzes data from European MPAs, examining their
effects on fish populations

o Other presentations, reports and publications have cover ed the impact of climate change and
ocean acidification on ecosystems and their resource potential, addressing policy issues and
contributing to the IPPC 4 ™ Assessment, OSPAR and MCCIP, amongst others.

Integrating individual to population processes in a changing marine environment (MBA)

WP 6.9 Examining regional differences in fish movements, behaviour and population structure

Specific objectives. i) To determine movement patterns of marine fish in relation to environment
and adaptive responses across increasing spacetime scales. ii) To identify wheth er changes in
behavioural complexity are linked to environmental conditions associated with the biogeographic
boundary in the English Channel. iii) To characterise the genetic component of fish stock
differentiation in the western English Channel and Celtic Sea compared with adjacent stocks. iv) To
examine regional differences in fish movement and behaviour patterns with respect to population -
level genetic differentiation, to identify stock structure and biological limits of dispersal, thereby
defining management units.

Summary research plan and deliverables

2007 -09 e Electronic tag deployments completed, first data available for analysis; samples for molecular analysis
collected and marker development in progress

2008 - 10 e ORED space-use experiments and field observations completed
2010-12 e Completed integrated analysis and interpretation of behavioural and genetic datasets

e Completed analysis for predictions of abundance trends under different warming scenarios
Status

o Deployments of data storag e tags on cod in SW waters in collaboration with CEFAS Lowestoft
were successful and data analysis is commencing

o Initial analysis of archived multispecies fish movement and behaviour data completed, paper
published in Nature

o New tag deployments on rays and other key species scheduled for summer 2008, including work
at Hayle Wave Hub site with co -support (PRIMaRE)

J Testing of the acoustic seafloor array for fish tracking (E200k NERC capital) is on course for
testing in spring 2008 off Plymouth prior to long -term deployment at the Wave Hub site in 2009

o Development of molecular markers for fish well under way, with 8 microsatellite markers for
rays already isolated and characterised. Tissue sample collection for 6 species has been
successful and is ongoing, with additional samples provided by FRS Marine Laboratory for NW
Scotland, Cefas Lowestoft for Celtic Sea, Galway Marine Institute for W Ireland.
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WP 6.10 Disentangling climate change responses and fishing impacts on marine fish and benthos

Specific objectives . i) To identify climate and fishing signatures in abundance trends of commercial
and non-commercially important species from different biogeographic guilds . ii) To determine
whether southern and northern species off SW Britain have responded over the past 100 years as

predicted by the 6climate envel espuetdringhofthecitelspedra s .

of fish (through exploitation) coupled with changes in benthos (due to climate and fishing -related
disturbance) influence foodweb in teractions. iv) To examine the basis for using fishing and climate -
driven signals in species abundances for predicting future respo nses.

Summary research plan and deliverables

2007 -09 e Analysis of long-term data to identify climate and fishing signals in fish abundance trends

2008 - 10 e Comparative analysis with other regional datasets complete

2010-12 e Completed integrated analysis and interpretation of behavioural and genetic datasets
e Completed analysis for predictions of abundance trends under different warming scenarios

Status

e Analysis of long-term fish data has progressed well, with paper in review ( Ecology Letters)

¢ New analysis and modelling is commencing in spring 2008 through a complementary grant award
(Sustainable Marine Bioresources.

WP 6.11 Identifying colonisation processes and impacts of non -native species

Specific objectives . i) To elucidate the spatio -temporal pattern of immigration leading to successful
introductions of non -native species, including interactions with clim ate change. ii) To investigate the
mechanisms of secondary spread and the consequences for native assemblage re structuring.

Summary research plan and deliverables

2007 -09 e Molecular marker development and sampling for suite of non-native species

2008 - 10 e Analyses of genetic datasets for non-indigenous species completed.

2010-12 e Completed integrated analysis and interpretation of behavioural and genetic datasets
e Completed analysis for predictions of abundance trends under different warming scenarios

Status
¢ Molecular marker development for non -native invertebrates is underway following successful
collecting periods.

3.7 Technology Development ( Theme 8)

This theme involves three Research Units and 9 Work Packages. The NOCS contribution is ledby
Gwyn Griffiths , POL by John Huthnance, and SAMSby David Meldrum. The total direct effortis ~ 17
FTE pa with additional involvement by PML, MBA and SAHFOS The theme-wide aims are to:

¢ Provide new sensors and instruments for detailed physical, chemi cal and biological measurements
in the water column and for sediment dynamics, in order to measure processes hitherto
unresolved and hence secure the basis of models for prediction

¢ Provide distinctive measurement and observation platforms that meet science needs and cannot
be sourced from industry, focussing on autonomous underwater vehicles and platforms for deep
and long-range, long-endurance operation

¢ Develop data and communication pathways and methods to disseminate information from sensors
and platform s, enabling more continuous and near -real-time data availability for monitoring and
forecasting systems, and to provide rigorous tests of models

e Work towards targeted reliability of observing systems to ensure fitness for purpose.

Specific objectives, summary work plans and status information are given below at the WP level,
grouped under the centre -based Research Units A Gantt chart at the end of this section (Fig. 4)
provides theme-wide scheduling information. For detail on rationale and approaches, se e the original
proposal (online via www.oceans2025.0rg).
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Enabling technology for ocean telescience (NOCS)
WP 8.1 4D biogeochemical sensors

Specific objectives. i) To design, construct and evaluate experi mental in situ lab-on-chip, micro
fluorescence-activated counting systems( FACS) and evanescent wave sensor
and phytoplankton measurements, first in the laboratory an d then in the marine environment. i) To
characterise, make robust and then commercialise miniature liquid core waveguide sensor systems

for Mn/Fe and ammonia and later for other parameters.

Summary research plan and deliverables. By the end of 2010-11: Experimental in situ lab-on-chip,
FACS and evanescent wave devices demonstrated in the marine environment. Miniature sensor
systems ready for commercialisation to include Mn/Fe liquid core waveguide system, ammonia wet
chemical analyzer. Devices produced for direct support of marine science to include: miniature pH
(Wet Chemical Analyzer), open ocean nutrients (miniature Liquid Core Waveguid e), fast oxygen
microelectrode. [Also see Fig.4]

Status

¢ A novel sensor design for dissolved methane with a resolution of 60pM and limit of detection of
200pM has been developed and demonstrated in the lab. Based on refractive index modulation of
a polydimethylsiloxane polymer doped with a cage -like cryptophane, refractive index changes are
observed with a Surface Plasmon Resonance device

e We have produced a micro flow cytometer chip that dispenses with the free space confocal
microscope optics used for fluo rescence detection and replaced this with a system of optical
fibres - a crucial step towards miniaturisation of the complete system. We have also collected
fluorescence spectra for the first time with this chip

¢ In microfludic systems, we have demonstrate d a miniature device that integrates fluid
connections, passive micro mixers, and a dual beam spectrophotometer. The system has
resolution of 200nM when used with standard protocols for the determination of nitrite

e We have also fabricat ed devices from fluoropolyme r s, conquer i ngqonistitldi r i nher
properties and creep. A p aper detailing the method has been submitted.

WP 8.2 Autonomous platforms

Specific objectives . i) To complete construction of Autosub6000 and test a basic version at sea,

fol lowed by devising the software and hardware systems needed to make the vehicle agile and highly
programmable, able to contribute to science experiments in water depths to 6000 m. ii) To design,
develop, construct and test a prototype long -range, deep-diving AUV ready for long path, long
endurance hydrographic applications. iii) To devise a system design for low cost, but effective, air -
deployed ocean microbots for large scale synoptic surveys.

Summary research plan and deliverables. A basic version of Autosub6000was tested at sea in 2007.
Staged system developments concurrent with and complementing operational use, delivering agile
vehicle capable of intelligent survey and intervention contributing to hypothesis  -driven science in
water depths to 6000 m in 2010. A prototype of a long -range, deep-diving AUV to be ready for long
path or long endurance hydrographic applications in 2012. A system design for low cost, but
effective, air -deployed ocean microbots for large scale synoptic surveys in 2012. [Also see Fig. 4]

Status

e Seatrials in Sept 2007 from RRSDiscovery demonstrated that (apart from the integration of
science sensor9 Autosub6000AUVis ready for survey mode science missions to at least 4500m

e The novel battery technology has been proven at sea. A new navigation method was tested and a
paper on the technique and results has been submitted.

e General studies of the performance characteristics of the Long Range AUV (as function of size and
speed) have begun. Early-stage feasibility studies of some of t he technologies that we will need
to develop in order to build a prototype vehicle have started.

e The air-launched AUV concept has been refined, with MSc thesis on the rationale for air -
deployed platforms, aircraft options and initial sizing calculations

e Associated SOFI| Autenmtecadragnbsis fprfaulbdetectiod, identification and
recovery in Autosub60000 (Pl: RW Dearden, Birmingham).
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WP 8.3 Towards multi-use of data

Specific objective. To facilitate and encourage multiuse of data, by us ing concepts from the
Semantic Web to provide web-enabled sensor networks, with embedded metadata and
communications capability, from existing data -gathering platforms such as research ships, vessels of
opportunity and moored buoys.

Summary research plan and deliverables. Generic systems for data acquisition, instrument control,
platform control, communications tools, Web -based data access and dissemination tools, installed on
James Cookand vessels of opportunity in 2009 and 2010. Demonstrations of aut omatic recalibration
in 2010 and 2012. [Also see Fig. 4]

Status

e Progress has been slower than expected due to late recruitment of a computer scientist. Some
elements of the work package have been delivered, putting into place the sensors, data
acquisition and telemetry systems on the Pacific Celebes and on the Oceanicll.

WP 8.4 Towards targeted reliability

Specific objectives. i) To develop a Risk Management Process. ii) To use the process to inform the
RAPID redesign, with a subsequent more complete analysis. iii) To embed risk management within
development projects with highest risk, including Autosub6000 and the long -range AUV.

Summary research plan and deliverables. A Targeted Reliability plan to inform the RAPID redesign in
2007, with a more c omplete analysis for the 2011 review; similar plans for observatories, including
PAP and for platforms, including Autosub6000 (in 2008 and an update in 2010) and the long -range
AUV (in 2009 and 2010). [Also seeFig.4]

Status

¢ A Risk Management Process habeen drafted based on balancing a simple model of the financial
risk appetite of the responsible owner with the risk of loss of the vehicle in the operating
environment. The model has been tested and used for real decision -making

e We have started a formal expert judgement elicitation exercise with ten international AUV
experts based on the full fault history of Autosub3

e Report provided to NERC Review Panel on the RAPID climate change programme on risk and
reliability pointers for sustained deep -sea moorings arising from the AUV work.

Development of instruments, platforms and measurement systems (POL)

WP 8.5 Measurement systems

Specific objectives. To design, construct and deliver to the science community, measurement
systems for i) in water microst ructure, to estimate turbulence and mixing in the water column, and
i) for the detailed dynamics of particles in currents, waves and turbulence.

Summary research plan and deliverables. Microstructure measurements will be made from a a glider
(2008-10), and a towed thermistor -fluorometer chain constructed (2007 -09). For particle dynamics,

a 3-axis coherent Doppler (CDVP) will be built (200 8) followed by a finer -resolution version (2009-10);
also a 6-frequency ABS (20(B-09), an imaging array over a ripple length (2008-10) and HF acoustic
Doppler for bedload flux (2010 -11). [Also see Fig. 4]. In the original proposal, use of a bow -mounted
mcrostructure stinger was also envisaged, but this is no longer considered practicable.

Status

e The towed thermistor -fluorometer chain is well underway ; all instruments have been purchased
and fittings designed. This will be trialled in spring, for scientific ~ use on July cruise of RRSJames
Cookin the Celtic Sea

e Build of 3-axis coherent Doppler (CDVP)now underway, but taking longer than expected .

WP 8.6 Telemetry

Specific objective . To design, construct and implement systems for data telemetry from remote
locations: coasts, deep -sea (bed and moorings).
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Summary research plan and deliverables. Techniques for broadband data transmission from land -
based sites will be established, and 2 -way (telephone) links with land -based sites for fault diagnosis
and adaptive sampling (2007). Orbcomm telemetry from buoys, and sub -surface via Link-Quest
acoustic modem will be set up (2008). BGAN data telemetry from MYRTLE will be set up (probably via
surface telemetry buoy or cable: 2009 -11). [Also see Fig. 4]

Status

e Techniques established for broadband data transmission from land -based sites, with operational
implementation for at| east two sites in 2008

e Orbcomm telemetry from a buoy, and sub -surface via Link-Quest acoustic modem was trialled
successfully from RRS Discovenin Sept 2007 and will be set up in 2008

e We have been installing or enabling others to install 9 tide -gauges araind Africa with DCP (one-
way) telemetry. This work is a joint effort  with OdinAfrica and GLOSS (Global Sea Level Observing
System), with some co-support by the Intergovernmental Oceanographic Commission.

Towards an optimal observing network (SAMS)

WP 8.7 Sensor optimisation and smart data processing

Specific objectives. i) To tackle the problems of how best to characterise the environment in terms
of the observables measured, and how to cope with the problems of sensor stability during long
deployments. ii) To develop smart in-situ data processing techniques to make best use of the
available energy budget in autonomous platforms.

Summary research plan and deliverables. The design of an optimal sensor network for a pilot area,
implementation of a networ k and data conditioning and management procedures; the development
of adaptive sampling techniques for autonomous vehicles, specifically profilers and gliders; the
demonstration of real -time video from autonomous sea -bed packages. [Also see Fig. 4]

Status

e Recently-appointed robotics expert ; his skills in adaptive sensor techniques and machine vision
will help improve characterisation of the marine environment and make more efficient use of
limited energy resource in autonomous platforms

e Two further engin eers also recently appointed, allowing new approaches to data capture to be
realised in a modified Argo float for microstructure measurements and miniature ice buoys for
studies of sea-ice dynamics.

WP 8.8 Water column and seabed platforms

Specific obje ctives. i) To further develop the reliability and range of the Homer and Simop profilers
to allow profiling to full ocean depth. i) To equip the profilers and landers with new sensors as they
become available. iii) To develop a robotic crawler capable o f exploring the sea floor.

Summary research plan and deliverables. The demonstration of reliable long profile capability from
Homer and Simop, the demonstration of a prototype robotic benthic crawler.  [Also see Fig. 4]

Status
e Sgnificant redesign is well underway on mechanical aspects of the Homer sea-bed resident
profiler and its inverted counterpart for profiling from sea ice. Both winch and tether are being

extensively reworked to circumvent problems with line tangling.

e We are acquiring a glider and a small AUV in support of other Oceans 2025 Themes, and these
platforms will be used to evaluate new sensors and data processing techniques.

WP 8.9 Satellite communications, GPS and monitoring networks

Specific objectives. i) To develop long duration I ridium equipped drifters for ocean and polar science.
i) To develop optimal strategies for the deployment and re -seeding of networks of free -drifting
platforms. iii) To develop self -configuring sensor networks that reduce reliance on underwater
connectors. iv) With SMRU, to develop the next generation of sea mammal tags. v) To develop and
extend the SAMS local observing network to the Sea of the Hebrides. vi) To provide public access to
our observations and experiments using web-based tools.
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WP8.5a In-water microstructure
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WP8.7a Sensor optimisation
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WP8.8 Platforms

Extended Homer & Simop
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Figure 4. A Gantt chart for the Theme 8 work packages (updated March 2008). Black lines show periods of major
activity, grey lines show background activity, e.g. collecting data . The filled circles are major milestones for the
work packages. Arrows show key connections between work packages.
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Summary research plan and deliverables . The implementation of long -duration Iridium equipped
drifters for ocean and polar research, the demonstration of self -configuring sensor networks using IR
communications and 2-wire bus architectures, the development of prototype | ow-power GPS + ocean
sensor sea mammal tags (with SMRU), the installation of a pilot network in Sea of the Hebrides
(complementary to SO 12), the development of optimal deployment and reseeding strategies for
surface drifters, the implementation of real -time web publication of observatory data and imagery,
the development of a pilot site for public interaction with observatory and other data collection

activities. [Also see Fig. 4]

Status

o We continue to be at the forefront in using low -power Iridium satell ite modems for data
communication, control and location. SAMS is a major participant in a global evaluation of
Iridium in small surface drifters by the IOC/WMO Data Buoy Co -operation Panel, and we are
working with SMRU to develop Iridium animal tracking ta gs.

o Plans are being developed to use in-house skills in ad hoc networks to design and build self -
configuring arrays of autonomous sensor packages in support of marine monitoring.

3.8 Next Generation Ocean Prediction Systems  (Theme 9)

This theme involv es three Research Units and 12 Work Packages The POLcontribution is led by Jason
Holt, PML by Icarus Allen, and NOCSoy Tom Anderson The total direct effortis ~ 18 FTE pa with t he
following theme-wide aims:

e To substantially improve our understanding of the causes of model uncertainty (inaccuracy),
quantifying and reducing this uncertainty, and thereby improving short and long term forecast
capability, in both ocean -only (including shelf seas) and coupled ocean-atmosphere models

e To use adaptive and unstructured grid methods to develop the next generation of hydrodynamic
models, that will have improved formal accuracy, the capability to seamlessly simulate shelf seas
and open oceans, and will provide the basis of UK community models for subsequent decade s

e To determine the appropriate levels of complexity required for simulating the cycling of carbon,
nutrients and climatically active gases through the pelagic and benthic marine ecosystem of
estuaries, shelf seas and open ocean, and use this to develop a new generation of ecosystem
models that represent complexity in a objective, systematic and traceable fashion

e To support existing modelling systems, including development, maintenance, and large
(time/space) scale model simulations to aid analysis in other Oceans 2025 themes and for the
community as a whole.

Specific objectives and summary work -plans and status are given below at the WP level, grouped
under centre -based Research Units. For detail on rationale and approaches, see the original proposal
(online via www.oceans2025.0rg). Capital spend for theme 9 includes a 320 node and a 768 node
computing cluster at PML and NOCS respectively these are currently being installed .

Developing and integrating coastal -ocean modelling systems (POL)
WP 9.1 Assessing and improving accuracy of shelf sea models

Specific objectives . To identify the key causes of model uncertainty through inter -comparison
experiments (using the POLCOMS, ICOM, NEMO, QUODDY, MIT and ROM#ets) based on i) well
known test cases and ii) extensive observational data sets from the eastern Irish Sea, Malin -Hebrides
shelf and Celtic Sea.

Summary research plan and deliverables

2007 - 08 e  Model intercomparison test cases with data sets
2007 -12 e  Model intercomparison with observational data
2008 - 10 . Model verification and diagnostic techniques
Status

e Papers in prep on effects of wetting -drying schemes in eastern Irish Sea tide-surge models, and
on hydrostatic v non -hydrostatic effects on in ternal waves generated at a sill
e Paper on high-resolution NW European shelf circulation accepted in JGR
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e Assimilation techniques for HF radar data being developed .
WP 9.2 Unstructured -grid model development (ICOM)
Specific objective . To develop the | COM unstructured-grid model for shelf sea applications.

Summary research plan and deliverables

2007 - 10 e ICOM code appropriate to shelf seas

2009 - 12 e  Comparison with conventional model systems

Status

e Fourtest cases (out of 5) have been completed successfully

¢ |COM has been setup and tested in the Irish Sea as a tidal model

o Inter-comparison of four unstructured grid tide -surge models (ADCIRC, TELEMAC, QUODDY,
ICOM)is underway in Irish sea (with WP9.1).

WP 9.3 Structured-grid model development (POLCOMS and NEMO)

Specific objectives . i) To improve the POLCOMS structured grid shelf sea model through assessment
and development of (vertical and horizontal) turbulence schemes, internal pressure gradient
calculations and advection schemes; also by i ncluding additional processes (eg. Langmuir circulation,
wave-current interaction in the benthic boundary layer, radiation stress) relevant to the

estimatation of momentum flux at the surface and sea bed, the modelled wind driven circulation and
the repre sentation of storm surges. ii) To develop the NEMO model to make it a state -of-the-art
structured grid shelf sea modelling system.

Summary research plan and deliverables

2008 - 10 e  NEMO code appropriate to shelf seas

Ongoing . Periodic POLCOMS upgrades to community

Status

e POLCOMS has been coupled to GOTM and the effects turbulence model on simulating shelf sea
stratification investigated. Paper accepted in CSR

e Investigation of mixing processes and surface forcing continuing in Irish Sea

e Two-way POLOMSWAM coupling has been completed and coupled system used in climate
scenario runs

e Wetting-drying schemes tested in POLCOMShigh resolution eastern Irish sea models now working

e Progress made in developing NEMO to simulate tides, including coupling to th e GOTM model (ce
funded by MetO)

e Paper on oceanshelf boundary conditions submitted.

WP 9.4 Multi-decadal simulations

Specific objective . To extend POLCOMS multidecadal simulations from physics-only to fully
multidisciplinary, and from hindcast to pr ediction.

Summary research plan and deliverables

2007 - 09 . POLCOMS 50yr hindcasts

2008 - 10 e  POLCOMS 50yr forecasts

2009 - 12 e  GCOMS 40yr hindcasts

2010-12 e NEMO (shelf) 50yr hindcasts

Status

e Hydrography from 40 yr simulation of POLCOMS is beinganalysed, paper in preparation

e Carbon budget from 20 yr simulation of POLCOMSERSEM is being analysedpapers in preparation

e Simulations forced by Hadley Centre regional climate model for 1960 -1990 and 20072100 are
underway for UKCIP

e GCOMS system can noweonfigure model domains for any shelf sea, currently being tested.
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Quantifying and reducing uncertainty in marine ecosystem models (PML)
WP 9.5 Simulation of carbon, nutrients and production of climatically -active gases in the pelagic
and benthic mar ine ecosystem

Specific objective . To determine the appropriate levels of complexity required for simulating the
cycling of carbon, nutrients and climatically active gases through the pelagic and benthic marine
ecosystems of estuaries, coastal and shelf seas.

Summary research plan and deliverables

2007 -12 e«  Ability to simulate the acclimation of the ecosystem in response to environmental change
o Revised PFT models ERSEM and ERSEM-BioGas

Status

¢ A coccolithophore functional type model has beenincluded in ERSEMand is being evaluated

e Process models for the impacts of low pH on photosynthesis and nitrogen c¢ ycling are being
evaluated

¢ Co-funding obtained through FP7 (MEECE and EPOCHA, subject to contract) to help develop
process models.

e The ERSEM photogthetic model has been changed to a three light -band model (red, blue green)

e The impacts of functional type specific photosynthetic parameters on model phytoplankto n
succession are being explored

e SOFI bid (led by Swansea Univ) on parameterising zooplankon; currently under review

e Three contributions to international meetings on ecosystem model construction and complexity;
1 paper published, 1 in press.

WP 9.6 Development and maintenance of the next generation of hydrodynamic -ecosystem
models, from estuaries to oceans

Specific objective. To develop and maintain the next generation of coupled hydrodynamic -
ecosystem models for estuaries, shelf seas and contiguous oceans.

Summary research plan and deliverables

2007 -08 e Coupling of ERSEM and NEMO 1/3 ¢n North Atlantic model

2008-09 e Coupling of ERSEM-Biogas and NE MO  Iin/N8rth Atlantic model

2008-12 e Development of Western Channel coastal estuarine model system

2010

Daily forecast capability for phytoplankton using EO data and data assimilation

2011-12 e High resolution version of coupled North Atlantic model (ERSEM-NE MO 1/ 9¢)

Status

e A 7km 3D hydrodynamic ecosystem model of the Western English Channel has been setup forced
by boundary conditions (met and ocean) from the Met Office. Model performance assessed by
comparing with dat a from the Western Channel Observatory (paper in press).

e Progress onNorth Atlantic NEMO hasbeen delayed due to staff illness, a prototype ERSEM-NEMO
model is currently under construction.

e North Atlantic DMS model underconstruction for the UK SOLAS fieldwork region.

WP 9.7 Reducing uncertainties to improve operational forecasts, climate change simulations and
environmental risk assessments

Specific objective. To understand and reduce the uncertain ties in marine ecosystem models, hence
improving understanding of interactions and feedbacks in the marine system and our capability for
operational forecast, climate change simulation and environmental risk assessment.

Summary research plan and deliverables

2007 -09 e Ecosystem data assimilation system for EO/IOP data

2007 -12 o Improved ecosystem model parameterisations
. Library of metrics for analysis and quantification of uncertainty in marine ecosystem models
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2010 e Daily forecast capability for phytoplankton using EO data and data assimilation

Status

e A series of univariate and multivariate model metrics have been evaluated, these have presented
at four international workshops and resulted in two publications with a further two in press.

¢ Near real-time evaluation of the Met Office NW European Shelf pre -operational ecosystem model
now published online (www.npm.ac.uk/rsg/projects/mceis/pa/ ). This analysis usesa range of
skill metrics to compare with satellite observations a nd is updated weekly .

¢ An assimilation system which takes satellite ocean colour data and assimilates it into the Western
English Channel ecosystem model has been constructed and is being evaluated.

WP 9.12 Simulation models as integrative and predictive tools relevant to human health risks
[WP numbering out of sequence since this WP was originally in a different Theme]

Specific objectives . i) To use structured complex models to simulate environmental processes th at
may impact on human health. ii) To predict environmental risks to human health from pollutants,
biogenic toxins and microbial and viral pathogens. iii) To develop modelling tools as novel research
aids to reduce dependence on animal testing and provide pre-operational tools for environmental
management related to human health risks.

Summary research plan and deliverable s

e Design and parameterisation of different model types.
2007-12 . . . -
e Co-evolution of simulations and empirical measurement.
e Hindcast experiments.
o Evaluation of predictive capabilities of the models in collaboration with public health scientists and
epidemiologists.
Status

e The use of cellular automata to simulate toxin -induced pathological reactions in shellfish has
been explored.

e Expert system developed for assessment of harmful impact of contaminants , by indicati ng degree
of stress syndrome induced by pollutants in shellfish (1 paper).

e Cosupport acquired for experiments to parameteriz e toxically -induced effects ( copper and
antibiotics) a t different levels of biological organization.

Development and maintenance of leading -edge ocean and coupled climate models (NOCS)
WP 9.8 Next generation modelling for large scale ocean modelling and climate change investigation

Specific objectives . To develop [with partners, via SOFI] the ICOMunstructured grid model by i)
constructing a user and model development support base for the community; ii)  improving
fundamental modelling methods and sub -models; iii) interfacing (eg with sub -grid-scale
parameterisations/models) ecosystem, chemistry, ice and atmospheric models; iv) creating user
friendly interfaces for analysis and problem set up; and v) improving data assimilation methods so
that ICOM can be used as an operational model with increasing conf idence.

Summary research plan and deliverables

20081 12 e Development of ICOM, including additional modules

Status

e Associated SOFIresearch grant: 8Global ocean modelling with adaptive unstructured grid
methodsd (P, Chris Pain, Imperial College; Co-Is at IC and NOC$. This will includes new
parameterisations, and model performance will be compared to observational data and output
from the OCCAM and NEMO models

WP 9.9 Development and maintenance of coupled climate models

Specific objective s. To import, develop and maintain a framework for coupled climate models, in
order to i) run climate models with different ocean components; and ii) investigate the sensitivity of
coupled models to the ocean component ( z-coordinate and isopycnic ocean codes).
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Summary research plan and deliverables

200771 10 e An assessment of the sensitivity of coupled climate models to the type of ocean model used

20107 12 e Multi-century integrations of coupled climate models

Ongoing e Code repositories for coupled climate models to extend the diversity of such models in the UK

Status

e A 60 yr pre-industrial control run of CHIME has been completed. The model generally behaved
well, but the North Atlantic bec ame too warm and salty. To counter this, the depths of critical
sills will be lowered , allowing more cooler, fresher waters to enter from the Arctic.

e The control run will then be re-run, with 60 yr of spin-up, followed by a 140 yr run in which
atmospheric CGO, increases by 1% @ (with the control ongoing throughout the 200 yr period).

e Work is also being carried out on speeding up the ocean code.

WP 9.10 Development and maintenance of global ocean models

Specific objectives. To develop NEMO as the core OGCM for use by the scientific community in the
UK, to include i) simulations at ¥%° resolution with biogeochemical tracers and carbon chemistry
under realistic atmospheric forcing; ii) high -resolution (1/12°) North Atlantic and Southern Ocean
models nested into the global ¥4° model; iii) development of additional param  eterisations, e.g. for
eddies, mixing by internal waves, and throughflow in sills and straits; iv) import of an energy -
conserving sea ice model with multi -category ice thickness representation, dynamic coupling at the
ocean boundary layer and improved descriptions of ice melting and formation; v) To investigate
approaches to derive an energetically consistent description of mixing in the ocean. vii) To embed an
existing nutrient -phytoplankton -zooplankton-detritus (NPZD) model in NEMO at the earliest
opportu nity, with subsequent implementation of advanced ecosystem models.

Summary research plan and deliverables

200717 10 e An energetically consistent description of mixing within the ocean
e Accurate coupling of a fully functional biogeochemical submodel into NEMO

20077 12 e Parameterisations of poorly treated physical processes for existing and new codes
e Methodologies and critical tests for nesting submodels

20097 12 e Global ca. 50 year ¥° and 1/12° runs of NEMO

Ongoing e Code repositories for maintained ocean model codes and global configurations

Status
e Preliminary work hasinvolved running a global 1° NEMO ocean model with biogeochemistry
(LOBSTER)

e Work has now progressed to the global ¥° model, to be the main focus of Oceans 2025 science. A

50 yr run is underway (on HECTOR) forced by the DRAKKAR DFS3 dataset (part of suite of
DRAKKAR runs undertaken elsewhere in Europe)

¢ A new biogeochemical model, with 12 state variables, suitable for inclusion in the  %° NEMO is
being finalized (in collaboration with the UK Met Office), with a 50 yr run due to start soon

e Forseaice, we plan to obtain the NEMO CICE code from UKMO and will run the 1° model from
1958 with the same forcing and relaxation as the current 50y r run, comparing performance with
existing LIM2 and LIM3 ice models

¢ Nesting of different resolutions with AGRIF has been undertaken ; a 20 yr run focusing on ice
dynamics is planned. Work on parameterisations has included improved isopycnal mixing (in
conjunction with  UKMQ, and initial investigations to enhance lateral ice melting

e A new computer cluster is shortly (Feb 2008) to be installed at NOCS, which will be used for the
development runs of NEMO.

WP 9.11 New methods of analysis and validation : ecosystem model testbeds

Specific objective . To develop an objective evaluation and validation system for emerging marine
ecosystem models (linking to WP 9.1 and 9.7).

Summary research plan and deliverables

200771 12 e Develop physical and computational test-bed environments to evaluate emerging ecosystem models

43



o Development of a widely accepted model-data misfit function as a main tool for ecosystem model
benchmarking

o Development of statistical tools to extract maximal information from model-data misfits and guide further
improvement of the individual ecosystem models

Status

e A multi -site test -bed system MarMOT(Marine Model Offline Test-bed) is being developed to
rigorously compare and evaluate different ecosystem models against observations in the same
physical framework. The system will include comput ational support for parameter optimization
and a broad range of sensitivity analyses

e Implementation and documentation of the Generic Function Analyser (GFAn), which will form the

basis of the MarMOT system, has been completed. Current work is focusing on building a genetic
algorithm into the system, as well as interfacing ecosystem models with the framework.

3.9 Sustained Observations (Theme 10)

This theme comprises 14 Sustained Observations (SO47; 9-15) involving all Oceans 2025 centres.
The total direct effortis ~ 47 FTE pa with Centre -specific involvement and leadership as follows:

SO| SO| SO| SO| SO| SO| SO| SO| SO| SO| sO| sO| sO| sO
1 2 3 4 5 6 7 9 10 | 11 | 12 | 13 | 14 | 15

NOCS | Denise Smythe-Wright

POL Roger Proctor

PML Andy Rees, Tim Smyth

SAMS | Toby Sherwin

SMRU | Ailsa Hall

MBA David Sims

SAHFOS P Burkill, M Edwards

The overall aim is to obtain knowledge on a wide range of ecosystem properties and proces ses (from
ocean circulation to biodiversity) that are critical to understanding Earth system behaviour and

identifying change.

In addition to providing long-term data sets, the component SOs are also
expected to: capture extreme or episodic events ; play a key role in the initialisation and validation

of models; provide underpinning knowledge for national marine stewardship , and national and

international marine assessments, via the Defra-led UK Marine Monitoring and AssessmentStrategy

(UKMMASHs well as via UK GOOSGMESand other relevant activities.

SO1 dAtlantic Meridional Transect (AMT

; PML and NOCS)

Specific objective s. To collect hydrographic, chemical, ecological and optical data on transects
Underway measurements (using towed instruments and the
onboard non-toxic surface seawater supply) , daily CTD depth profiles and water samples will be
taken to 1000m. Core measurements and approaches comprise:

between the UK and the Falkland Islands.

Parameter

Methodology

Hydrodynamic characterisation (water masses,
eddies, fronts and boundaries)

Vessel-mounted ADCP or towed undulating profiler (MVP or
SeaSoar), also near real-time satellite images

Depth distributions of inorganic nutrients (nitrate,
nitrite, ammonia, phosphate and silicate)

Standard auto-analytical and sensor techniques

Phyto- and zooplankton size characterisation for
range 1um -10mm diameter

Optical- and video-based in-line instruments (FlowCam & LiZa)

Phytoplanton community abundance and
composition

HPLC analysis of pigments and matrix factorisation software
(CHEMTAX)

Picoplankton characterisation (pro- & eukaryotic)

Flow cytometry

Phytoplankton photo-physiological parameters
and integrated water column primary production

Yc uptake, photosynthesis-irradiance relationships, and a
spectral bio-optical model

Photosynthetic responses and
photophysiological properties of phytoplankton

Fast Repetition Rate Fluorometry (FRRF), a Satlantic
Fluorescence Induction and Relaxation system (FIRe),
photoprotective carotenoid measurements
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Net community production Underway surface oxygen/argon ratios measured with a
membrane inlet mass spectrometer, MIMS, system

Surface water and atmospheric pCO> Automated infra-red gas analyser in collaboration with CASIX

Export rates and characterisation of exported annual deployments of sediment traps with time-series

material (for N and S oligotrophic gyres) collectors in the middle of both gyres

Apparent and inherent optical properties in situ profiling spectral-radiometers (Satlantic and TRIOS UV)

(including UV) and compared with satellite data.

On some transects, measurements may also include rates of climatically -important microbial and
photochemical processes, such as phytoplankton excretion of **C-dissolved organic carbon and its
subsequent photodegradation ; plankton respiration derived from in vitro dissolved oxygen flux;
concentrations and fluxes of oxidised volatile organic compounds ; nutrient distribution s at nanomolar
levels; the activity of diazotrophic and nitrifying organisms ; and viral abundance, diversity and
activity. These activities are closely linked to Themes 2 and 5 also SO2.

Summary activity plan. The planned timetable for AMT cruises is below, subject to NERC cruise -
scheduling. Shiptime was originally requested for 2007, but was unavailable.

2008 2009 2010 2011
May | Sep May | Sep May | Sep May | Sep

Core biogeochemical measurements [12 days extra to
JCR passage]

Service PAP moorings, boat transfer at Azores [further
3 days, SO 2]

6Added val ue @nlsogeothemieal oc e
measurements [Themes 2 & 4 PML]

6Added valued surface and d
[Themes 2 & 5a NOC]

Cruise planning meetings Jan & May ° ° ° °

Annual data workshop ° ° ° °

Main deliverable s

e An extended time series (1995-2011) of spatially extensive and internally consistent observations
on the structure and biogeochemical properties of planktonic ecosystems in the Atlantic Ocean
for use in development and validation of models related to the global carbon cycle

¢ An accessible dataset through the BODC website(most data to be open access within 6-12 mo of
each cruise), together with web-based data visualisation, and analysis of in situ and EO data.

Status

e The first AMTcruise as a SO 1 activity is now scheduled for October 2008. (This has resulted in a
significant gap in time series ; previous cruise was Oct 2005

e Data capture from the AMT Consortium project is ongoing. All submitted dat a from AMT cruises
1-17 are now available from BODC, via www.bodc.ac.uk/projects/uk/amt

e The AMT "basin scale observatory" is being constructed with co-support from the EC FP6 InterRisk
project. The ob servatory uses Open Geospatial Consortium (OGC)compliant specification for web
map services and web feature services, with a front -end written in OpenLayers. It currently
includes global coastline, bathymetry and raster layers such as satellite chlorophyl |images and
UK Met Office model output ; the aim is to include AMT tracks and CTD profiles

¢ Collaboration with POGO/SCOR is ongoing to secure AMT patrticipation bursaries for researchers
from developing countries

e AMT publications for 2007-08: 12 published, 6 in press, 19 submitted . Also special issue of Deep-
Sea Research Il neaing completion

e Collaboration on two funded SOFI studentships (with UEA and Lhiv Southampton), and closely
linked to SOFI grant avard at UEA

e Confirmed collaboration with NASA -funded colleagues (Bigelow Laboratory for Ocean Sciences).

SO2 - The Porcupine Abyssal Plain ocean observatory (PAP; NOCS)

Specific objectives . i) To make physical and biogeochemical observations of the full water column in
the deep north -east Atlantic with suf ficient temporal resolution and of sufficient duration to detect
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environmental change on a variety of time scales. ii) To determine the effects of such changes on
deep ocean ecosystem structure and function.

Summary research plan. Long-term moorings ar e already deployed at the site, with sensors
measuring a wide range of physical, chemical and biological properties and rates. Measurements
include pCO,, nitrate, water currents, CTD, phytoplankton concentration, particle concentration and
downward partic le flux; also use of benthic time lapse camera s, and repeated collection and
analysis of benthic fauna during research cruises. Data supported by transects carried out by AMT,
CAVASSOO and CPR. Servicing of moorings to be accomplished by research cruisebat include
relevant process studies.

Main deliverables

e Atime series of multidisciplinary data from an open ocean location

¢ Real time and delayed mode data from the top 1000m of the water column on a range of
properties and processes

e Deep water downw ard particle flux.

e Characteristics, abundance, character and biomass of epibenthic and infauna.

Status

e The moorings were deployed in June 2007 but after only 28 days the biogeochemical mooring
parted and after drifting for a few weeks was recovered unda maged. Substantial effort has been
expended to determine the cause of this break and two reports completed on this. Ways to
prevent a recurrence have been devised but due to shortage of ship time and staff, the
observatory cannot be deployed until July 200 9

e The sediment trap mooring is still deployed and will be recovered and redeployed during the
summer 2008 by James Clark Ross

e A major achievement over the past year has been a 3.5M Euro award from FP7 to integrate and
enhance deep ocean observatories around Europe. This programme, EuroSITES, started in April
2008 and is coordinated by R.Lampitt. The PAP observatory is a key component of the network.

SO3 - Monitoring the Atlantic  meridional overturning circulation (NOCS, POL)

Specific objectives . i) To carry out cruise-based hydrographic measurements acrossthe North
Atlantic along 26.5°N in 2009 (and 2014, to maintain a five -year cycle), in order to complement and
test the Rapid/Rapid-Watch monitoring array . ii) To thereby extend the time -series of high precision
physical and chemical transoceanic measurements at this section to 58 years. iii) To provide support
for the Western Atlantic Variability Experiment (WAVE) array, at three sections across the US and
Canadian continental slope between Cape Cod and the Grand Banks. [NOCS responsibility for 26.5°N
section; POL for WAVE array

Summary activity plan. Long-term moorings are already deployed at the se sections. The monitoring
array at 26.5°N is deployed and maintained by the Rapid and Rapid-Watch programmes; the main
Oceans 2025 involvement, through SO3, is planned as a transect cruise in 2009. The WAVE arrayis
expected to be serviced through a total of six cruises in 2008, 2010 and 2012 (maintain ing a 2-year
servicing cycle), with two cruises in each sampling year. As follows:

e Cruise 1, led by WHOI(with POL participation), to recover and redeploy 6 bottom pressure
recorders on the Station W section.

e Cruise 2, with lead NERC/NMFsupport, to recover and redeploy 12 bottom pressure recorders and
10 temperature/salinity moorings along the other two sections of the WAVE array near to Halifax
and St. Johns, Canada.

Main deliverables

e A cost efficient, effective monitoring system for the Atlantic meridional overturning circulation
(MOC)at 26.5°N

e Areal time index of MOC strength and variability

e A trans-Atlantic hydrographic section at 26.5°N to provide an independent estimate of the MOC.

e Time series of ocean bottom pressure, temperature, and salinity, from the North Atlantic Deep
Western Boundary Current region, north of the Gulf Stream.
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Status

i) RAPIDMOCat 26.5°N

e Two publications in Scienceshow the array successfully monitor s the Atlantic overturning with an
error in the annual mean overturning of about 1.5 Sv or 8% of the mean. Abrupt changes in
annual mean overturning would be readily observed by the array (Cunninghamet al, 2007:
Temporal variability of the Atlantic Meridional Overturning Circulation at 26.5°N. Science 317,
935-8; Kanzow et al 2007: Flow compensation associated with the MOC at 26.5°N in the Atlantic.
Science 317, 938-41).

e Akey international p artner (Bill Johns, Univ of Miami ) has been funded for a further 6 yr by NSF
grant to continue the critical monitoring of the Deep Western Boundary Current. The NOAA -AOML
contribution to the continuing monitoring of the Florida Current has been confirmed to RAPID .
Jochem Marotzke (now Director of Max Planck Institute for Meteorology, Hamburg) continues to
take an active interest in RAPID.

¢ A number of international programmes that have a f ocus on the Atlantic overturning such as
(FP7: Thermohaline Circulation dat risk ? (THOR)) are funded, or are currently reviewing
proposals (NOAA Climate Program Office (CPO) Abrupt Climate Change program) or are
developing proposals (U.S. Climate Change Science Program (CCSP), Synthesis and Assessment
Product (SAP) 3.4 recommending the extension of RAPID-MOC to the subtropical South Atlantic
and the subpolar North Atlantic.

S04 8 The extended Ellett Line (NOCS, SAMS)

Specific objectives . i) To monito r the warm inflow from the North Atlantic into the Nordic Seas with

annual occupations of a hydrographic section plus tracers across the Scottish shelf and the Rockall

Trough (the O6EIIl ett Leéexneedndeadn dEltloe tltc elliaheendelffow hiei )6 T o
across the Wyville-Thomson Ridge using a moored current meter. iii) To extend temporal coverage

using gliders and floats. iv) To extend ecosystem coverage through observations of the upper ocean

biological community, focussing on biotic element s susceptible to change. iv) To provide a platform

for the training and development of the next generation of marine scientists.

Summary activity plan. An annual CTD/hydrography section will be made from Scotland to Iceland,
consisting of 48 fulldepthst at i ons over O 14 days (including passag
option of a dditional days to link with other 02025 themes and SOFI pro jects). To extend temporal

coverage, Argo floats will be deployed on the annual cruises, and a Seaglider will be de ployed from

the Scottish coast to undertake continuous monitoring of the section.  This AUV will profil e the upper

1000m and relay real-time data to shore. A moored ADCP will be used to monitor the Nordic Seas

outflow over the Wyville Thomson Ridge, in coll aboration with FRS Aberdeen and the University of

Hamburg.

Main deliverables

A Atime series of the evolution of the hydrography of the northeast Atlantic, ~ which will contribute
greater understanding of the causes of any changes observed

A An archived data set available to the i nternational community via BODC

A A platform for further scientific research.

Status

e Extended Ellett Line occupied in August - September 2007

e ADCP purchased and deployedat Wyville -Thompson Ridge

¢ Argo floats ordered, two were d eployed in 2007

e Seaglider has been ordered

e April 2008 occupation on Discovery 328initially reduced in time and then aborted, due to  engine
problems; FRV Scotia used instead at short notice, and most stations completed

SO5 dArgo profiling float system  (NOCS)

Specific objectives . i) To continue to play a leading role in developing Argo, by appropriate scientific

activities. ii) To ensure that the international and national programmes continue to develop and
maintain a data acquisition, calibratonand del i very system that facilitates
scientific objectives. iii) To ensure that the UK contribution meets the exacting standards set by the

international programme. iv) To support the deployment of new floats funded under NERC research

programmes.
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Summary activity plan. Main activities comprise:

e Participation in the International Argo Steering Team , and its workshops, working groups and
Regional Data Centres

e Development of new derived products and calibration methods to the point of ro  utine production
and adoption

e Deployment of new floats funded by Ocean 2025 Themes and the UK Argo consortium

e Assembly of metadata for UK floats , ensure real-time data delivery and maintain data archive

e Scientific calibration of data acquired by UK -funded floats, for delivery to Global Data Centres

¢ Promote and facilitate the use of Argo data by the NERC research community . Such exploitation
includes calculations of storage of heat and freshwater in the upper ocean on seasonal and longer
timescales; compl ementing data acquired using other measurement strategies; and assimilation
into models.

Main deliverables

e Continued UK role in a vigorous international programme, delivering data suitable for use in

NERC research and by stakeholders

Sustained delivery of calibrated UK float data to the Argo Global Data Centres

e Improved float trajectory algorithms implemented at the Argo Global Data Centres (no trajectory
products exist at present); improved salinity calibration methods agreed and adopted. The
Internation al Argo Steering Team has tasked NOC to lead workshops on these topics

¢ Internationally agreed procedures and regional reference dataset for float salinity calibration in
the Southern Ocean (RDC activity)

e A NERC research community familiar with and exploiti ng Argo data.

Status

e NOGand BODC continue to play a major role in Argo development, through participati on in
meetings of International Steering Team and Int ernational Data Management Team

e NOGSco-convened a CLIVAR/GSOP workshop on the status and use oflobal ocean velocity
measurements

e BODC continued to deliver real-time and delayed -mode data to the global data assembly centres
for all UK floats

e Argo data provides the central focus for at least four PhD students at NOC S undertaking research
in the North and South Atlantic and Southern Ocean

e NOC and BODC are partners in EureArgo FP7 project, with co-funding of 0250k over 30 months.

SO 608 Antarctic Circumpolar Current: transport and properties (NOCS, POL)

Specific objectives . i) To maintain an annual hydrographic section across the ACC at Drake Passage,
based on measurements of temperature, salinity and currents, with the opportunity for additional
biogeochemical measurements (e.g. relating to carbon system). ii) To maintain the ocean bottom
pressure and temperature time series from Drake Passage. iii) To adapt the bottom pressure
monitoring system to maximize the value of other observational programmes in the region. iv) To
improve interpretation of the existing time series, without jeopardizing it s continuity.

[Objective (i) addressed by NOCS; objectives (i) d(iv) by POL].

Summary activity plan. Annual hydrographic sections will consist of 30 full -depth CTD stations,
lowered and shipboard Acoustic Doppler Current Profiler measurements, to be ¢ arried out in
collaboration with BAS. The sections provide data for Argo float calibration, as well as opportunities
for deploying floats to maintain the array. The same annual cruise is likely to be used to recover and
redeploy Drake Passage lander instuments, comprising two instruments at fixed positions to the

north and south of Drake Passage, plus typically two further instruments at different depths to assess
the variability of pressure with depth, and the long -term MYRTLE instrument (capable of providing a
continuous 5 yr record) at 2500m depth to the south side of Drake Passage.

Main deliverables

e Continuing time series (to 20 years) of ACC volume transport and physical properties at Drake
Passage

e Datasets to test whether models produce the corre ct level of interannual variability

e Time series of ocean bottom pressure, temperature, and salinity from the Drake Passage region
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Status
e The annual Drake Passage repeat hydrdogical section was completed in December 2007 as
planned, led by Dr G Quatrtly.

SO 7- UK contribution to the GLOSS sea level network (South Atlantic and Antarctic ; POL)

Specific objectives . i) To make a major UK contribution to the construction of the global sea level
network (GLOSYS). ii) To take advantage of the UK-owned sites to provide scientific -quality data sets
(some in near-real time) for use in operational oceanography of regional or global importance, and in
oceanographic and climate research. iii) To provide relevant sea level data sets and products to the
British Dependent Territories of the South Atlantic for local applications, especially in areas of
economic importance .

Summary activity plan

¢ Maintain tide gauges (and in some cases associated GPS receivers and met stations) at Gibraltar,
Ascension, St. Helena, Port Stanley, Vernadsky and Rothera.

¢ Install tide gauges (or simple pressure sensors) at Tristan da Cunha, Signy and South Georgia

e Delayed-mode quality control of resulting sea level data sets, so enabling the best possible
information for long term scientificr esearch

¢ Monitor technical developments in gauge hardware and telemetry so as to provide the best data
sets consistent with GLOSS requirements, and to enable effective technical coordination with
other countries.

A small part of the Drake Passage cruise time (under SO 6) will be used to ensure access to Antarctic

tide gauges.

Main deliverables

e Integrations of sea level and/or sub -surface pressure every 15 min (to be increased to every
minute at some locations) at the sites listed above

e Wave data (approx 1Hz sampling) at suitable sites

e Data available in both near -real time mode (via GLOSS Fast Centre at Univ of Hawaii) for
operational applications and effective error reporting, and in delayed, fully quality -controlled
mode for long term scientific research (via BODC)

¢ Ancillary data sets (air and sea temperature, air pressure etc.) at each site

¢ Related necessary geodetic information (levelling data etc.) and metadata.

Status

Good progress is being made:

¢ New installation completed in South Georgia. 1 minute data values being received in real -time.
Rothera and Vernadsky upgraded to real-time data every 15 minutes

Ascension, Port Stanley and Signy have been visited for maintenance

A new gauge at Tristan da Cunha is due for installation during 08/09

New installation for St Helena has been deferred while harbour works are completed

Real-time data is being made available thr ough the GLOSS Fast Data Centre

Gibraltar tide gauge will soon be upgraded from a telephone line system to a DCP.

SO 9- Climate -quality surfa ce marine observations and products  (NOCS)

Specific objectives. To generate climate -quality datasets including: i) improved satellite -based
datasets (salinity from SMOS, and winds and waves from altimetry); ii) a 50 year in situ surface
meteorological and flux gridded product using NOCS research on data bias and uncertainty, flux
parameterisations and methods for dataset development; and iii) a 20 year surface meteorological
and flux gridded product incorporating selected satellite observations to improve  spatial coverage.

Summary activity plan. The NOCS Surface Flux Dataset will be upgraded using stateof-the-art flux
parameterisations (developed within Theme 1), improved bias correction, data homogenisation and
uncertainty estimates, then extended to gi ve a 50 year in situ record which will be continually
updated in near -real time. In well -sampled regions, such as the extra-tropical North Atlantic and
Mediterranean Sea, high resolution meteorological and surface flux fields will be developed

Main deliverables
e Vigorous UK participation in international programmes overseeing the collection of data and
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design of the global marine observing system (e.g. JCOMM, WCRP and GCOS)

50 year surface in situ meteorological and flux dataset, presented on a monthlyme an 1 &
grid including bias correction, sampling and bias uncertainty estimates and full documentation

20 year combined in situ and satellite surface meteorologi cal and flux dataset (as above)

Higher spatial and temporal (daily or sub -daily) resolution surface meteorological and flux data
products where sampling pe rmits and research will benefit

Improved measurement method metadata and bias quantification for the in situ surface
meteorological record

Published intercomparisons of in situ and remotely sensed SST, winds, waves and precipitation

Calibrated, quality assured and documented satellite data and gridded products, incorporating
new methods of quality control and estimation of uncertainty, including for sea surface height,

waves, winds, salinity an d precipitation

Near real time availability of data products.

Status

A 37-year in situ marine surface meteorological and flux gridded dataset is in the final stages of

validation ready for release later in 2008, the Bulletin of the American Meteorological ~ Society

will publish a short paper promoting the new dataset.

Participation in 4th WMO/IOC JCOMM Ship Observations Team Meeting, Geneva, April 200and

ar ea

involvement in the organisation of the 3rd JCOMM Workshop on Advances in Marine Climatology

(CLIMARIII), Poland, May 2008.

Contributions to the UK Marine Climate Change Impacts Partnership 2nd Annual Report Card,
2007 (Sections on Sea Temperature, Air Temperature and Air-sea heat and moisture fluxes).
Membership of WCRP Working Group on Surface Fluxes (W&F), WCRP Observations and

Assimilation Panel, JCOMM Expert Team on Marine Climatology, WMO CCI/CLIVAR/JCOMM Expert

Team on Climate Change Detection and Indices, GCOS Working Group on Sea Surface
Temperature and Sea Ice.

Involvement in Assessment of the Suface Marine Observing System (ASMOS, cdunding from Met
Office through National Centre for Ocean Forecasting). Invited presentation on ASMOS for
CLIMARS.

Proposal under development to extend funding for work on wind and waves through NERC/MoD
Joint Grant Scheme.

Involvement in International Consortium planning the development of a bias corrected marine
climatology from ICOADS (includes NOAA, NCAR, FSU/COAPS, Hadley Centre).

Papers publishedin Journal of Atmospheric and Oceanic Technology, International Journal of
Climatology, Advances in Space Researchand the Bulletin of the American Meteorological
Society

Publication of article for WCRP FluxNews and chapter in Climate Variability and Extremes during
the Past 100 years in the Springer Advances in Globd Change Research Series.

Development of improved datasets for coastal altimetry started with  new atmospheric
corrections and local tide models. Successful bid to ESA for re-tracking radar altimeter signals in
the coastal region, raising the prospect of al timetry into the surf zone. Also involvement in INTAS
project and collaborations with groups in France and the USA.

Complementary activity on satellite heat fluxes started in April 2008 under NERC National Centre
for Earth Observation (NCEO) programme.

S0 10 - Western Channel Observatory (WCO; PML and MBA)

Summary activity plan. Direct sampling will be weekly at L4 and fortnightly at E1.  Maintenance of
existing time series to comprise: m eteorological station: (temperature, humidity, pressure, wind
speed and direction, rainfall; PAR, solar irradiance, aerosol loading); hydrography (vertical
temperature and salinity profiles ); optics (up- and down-welling irradiance; ac -9, VSF and bb6 for
inherent optical properties; FRRF and fluorometry, TSM, CDOM, PAB§ nutrients (nitrate, nitrite,
silicate, phosphate and ammonium from stored or frozen samples ); p hytoplankton (species,
abundance and biomass; total and size-fractionated chlorophyll ); pigments (carotenoids and
chlorophylls) ; zooplankton/microzooplankton ( species abundance total and size -fractionated
particulate POC, meso-zooplankton size-fractionated biomass; copepod egg production, water mass
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indicator species, fish eggs and larvae) ; Bottom fish assemblages and phenology, benthos; and SW
intertidal time -series (annual sampling for intertidal indicator species) .

New observations include nitrate sensor (deployed for in situ measurements); in situ autonomous
buoy array (depth profiles of temperature, salinity, currents, nutrients and pH ); f low cytometry (full
range of phytoplankton community structure ); RV Quest reattime along track measurements
(telemetered temperature, salinity, attenuation, oxygen, spectral solar

irradiance, pH and pC0O2); and e stuarine sampling (continuous recording of |} .
temperature, sali nity, currents and sediment load in the estuary mouth; )
supported by 6 mo axial surveys to quantify the influence of the Tamar

estuary on the coastal environment for different seasons and river flow "
conditions). , .

Other activities include re-processing historical data (since 1982); HAB
now-cast (operational detection of harmful algal blooms based on EO data
and HAB detection algorithms) ; and establishment of a National Facility ‘ s
for EO validation and algorithm development at E1.

Main deliverables L
Operational web-GIS based data delivery system

Web enabled database of all in -situ measurements A
Continuous WCO operation

Make backlog of historical data in digital format available to Theme 6

Web enabled database of all EO data

Web enabled delivery of model foreca sts ’ s
Incorporate time series into national and European networks via Figure 5. The Western
MECN MarBEF and Eir-Oceans. Channel Observatory

Separately-funded elements include a pCO, system (supported via CASIX); nearreal time EO data
(from NEODAAS airborne imagery and atmospheric data (from AR SF); and Met Office MRCS data
(from NCOBR,.

Status (combined PML and MBA report)

e All core measurements at the observatory have been started. These included t wice-monthly
samples of demersal fish (standard haul) at L4 and zooplankton/young fish at L4 and E 1 taken
between April - Sept 2007. However, no sampling was possible between Oct 2007 - Feb 2008
since RV Plymouth Questwas unavailable (due to refit )

e The benthic infauna and epifaunal sampling has continued with less interruption, using RVMBA
Sepia The rocky shore sampling has continued unaffected

¢ Most datasets are up-to-date and online ( www.westernchannelobservatory.org.uk ) with a
minority being delivered using GIS tools ; metadata developm ent also in progress through MECN.

e The autonomous moorings will be deployed in spring 2008 (£ 300k NERC capital) and the RV
Plymouth Quest underway system is nearing completion

e Some co-support obtained via MECN (science into policy) and NERC APPRAISE pragimes (core
and consortium) to provide aerosol data

e Model forecasts now available from the domain , in collaboration with Met Office via NCOF.

¢ Reprocessing of historical satellite data is nearing completion

e During 2008 a set of inshore stations first s urveyed in 1911 will be sampled for demersal fish to
provide greater spatial context for the L4 sampling. High resolution seabed mapping of the
relevant fish and benthos sampling areas will also be conducted (£150k NERC capital) in
collaboration with Bangor University.

SO 11- Liverpool Bay Coastal Observatory  (POL)

Specific objectives. i) To continue and enlarge the scope of the existing coastal observatory in
Liverpool Bay (Fig. 6) to routinely monitor the northern Irish Sea . ii) To develop the synth esis of
measurements and models in the coastal ocean to optimize measurement arrays and forecast
products. iii) To drive forward shelf seas operational oceanography with the direct objective of
improving the national forecasting capability, through linkst o NCOF iv) To exploit the long time -
series of observations and model outputs, in order to identify the roles of climate and anthropogenic
inputsonthe coast al oceands physi calto @atid thdimmgadtsooficlimate |
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http://www.westernchannelobservatory.org.uk/

change scenarios; and to provide new insights to Irish Sea dynamics. v) To provide and maintain a

6l aboratoryd within which observational and model e X
9), including capture of extreme events. vi) To demonstrate the value of an integrated approach in

assessment and forecasting vii) To d emonstrate the coastal observatory as a tool for marine

management strategies through collaboration with governmental bodies and Local Authorities,

providing management information pertinent to po licy.

Summary research plan. The existing (and ongoing) activities include observations at the East
Mooring Site (bottom frame with high frequency ADCP, conductivity, temperature, turbidity and
fluorescence; Cefas directional wavebuoy and Smartbuoy colle cting surface properties including
salinity, temperature, turbidity, nutrients, irradiance and chlorophyll ); the West Mooring Site
(bottom frame with high frequency ADCP, conductivity, temperature, turbidity and fluorescence,
Smartbuoy); a spatial survey (at 4-6 week intervals ; vertical profiles of CTD, SPM, some bed sediment
sampling and surface and bed nutrients, phytoplankton, zooplankton ); Birkenhead 0 Belfast ferry
samples (at 5m depth; temperature, salinity, turbidity, chlorophyll ); t ide gauges(real-time data from
gaugesoperated by MDHC and the UK tide gauge network); satellite imagery (weekly composite
satellite data, AVHRR SST and ocean colour via NEODAAS)HF radar (phased array system measuring
surface currents and waves with 75km range at 4km resolution for currents and for 2D wave spectra );
meteorology station (with web camera on Hilbre Island, at the mouth of the Dee ). Operational

models using POLCOM8omplete the integrated system .

Main deliverables

e Continuous measurements (contributingt o
MECN) and model products

e Validated real time ecosystem model

¢ Marine system forecasts with error analysis

¢ Anunderstanding of the importance of events
versus mean

e Description of interannual variability

e Understanding of the role of vertical and
horizontal gradients

e Evaluation of measurement / model array for
meeting end-user requirements

e Optimisation of components for future use.

Status

The measurement programme is proceeding as

planned Figure 6. Liverpool Bay Coastal Observatory
e Some time series now longer than 5 years

RV Prince Madoghas been booked up to May 2009.

Nutrient analysis being transferred from NOCS to Liverpool University.

Glider due for delivery in May 2008.

Planning just beginning for third site and extension to Irish Sea.

The synthesis of model predictions and measurements has been delayed due to staff leaving.

SO 124Tiree Passage time series (SAMS)
(originally proposed as Scottish West Coast Marine Amphitheatre)

Specific objectives: i) To maintain the Tiree Passage time series on the western coast of Scotland. as
the longest moored time series of flow and temperature on the NW European continental shelf (since
1981). ii) To extend the observations by addition of a fluorometer and deployment of an Acoustic
Doppler Current Profiler.

Summary research plan. The mooring is located at ~50 m water depth in the narrowest sector of the
Tiree Passage, a SWNE orientated strait between the Isle of Mull to the southeast and the Isles of
Coll and Tiree to the northwest . Hourly current, temperature and salinity measurements are made
using recording current meters and salinity sensors at 20 m and 45m above the bed; f or further
background, see MECN Report 3 (online atwww.mba.ac.uk/MECN/publications.htm#DCR ).

Main deliverables
e A coherent archive of hydrographic time series data and data products
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