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UNIVERSITY OF LIVERPOOL

A member of the Russell Group of the 20 major
research-intensive institutions in the UK

Annual turnover of £364 million including £130
million

for research

Largest provider of online degrees in Europe

Only UK university with full clinical education
coverage, spanning Biosciences, Clinical
Medicine, Health Sciences, Dentistry,
Veterinary Science and Tropical Medicine

22,000 students pursuing 400 programmes
In 54 different subject areas

More than 4,700 staff
158,000 alumni in 173 different countrie s
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Partner Institution with NOC

' Jointly supervised PhDs

 Contributions to teaching
Tom NOC staff

 Joint research programmes gl iR HL LRS-~
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School of Environmental Science

SOoES comprises 4
research divisions:

 Oceanography and
Ecology

 Geological Sciences

 Environmental
Processes and

Change
* People, Space and
Place All have research interests
connected to the oceans
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e Ocean and Climate
Science

* Marine Geology

 Geophysics and Ocean
Basins

 Marine Biology and
Environmental Change

* Link to Sustainability
and Living with
Environmental Change
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How has North
Atlantic warmed
over last 50 years?

'

60 °N a.'

Susan L02|er, Duke

Change in ocean heat content
(1020J)) between 1980-2000 and

E@R0aléht@o surface heat flux +/- 4 Roussenov

Vassil

Wm-2

basin change only 0.4 W m¢zier, Leadbetter, Williams, Roussenov
et al. (2008) Science
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Change in heat flux #0s — &0s (2000—2006) — (1570—2000)

BOM BiM
TOM 70M
GOM BN
BOM

BOM

40M 40M

30 oy
zmull e

20M

1|:|N' 1|:|H'

EQ) -

EQ

oW 7EW GOW 45W 30W 1BW  ©  1AE TN 7w ELW 4nw aoW 1mm B 1fE
- -
-4 -3 -1 =1 a 1 = 3

" w/mez] Met office data
for 2006-2000
minus 2000-
1970

Met office data
for 2000-1980
minus 1950-
1970

Reversing gyre-scale

By univensiny of patterns, rather than
& LIVERPOOL .
systematic trend




*How is sea level change at NOC partners

the coast connected to the
open ocean? - |

smoothed altimetry correlations
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Chris Hughes

sea level varying over the Clare  Simon
lobe? Bellingham Holgate
*How is ogean mixing =T N

varying?
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Leach

Circulation: North Atlantic, Southern Ocean
— Mesoscale Eddies
- Heat and Fresh Water Budgets

— Mixing

— Influence of physical processes on biological

productivity and export

— Sealevel

= Sea Ice
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Harry Leach (cont’d)

Current Work

Character of Eddies in the
ACC

Land-Fast Ice (PhD project
Nuala Carson, CASE,




Does physics affect where we
find-fish?

527 "¢ N Jonathan Sharple
CoticDeep— I Celtic Deep:

2 o —— A %Z Important Nephrops fishery.

g 50_‘ Jones Ba%gggﬁ west ) / Deep water, weak tides, surface

g | Pin NN frontal phytoplankton — muddy
s\ R e L seabed with supply of organic

T Ao s material.

48+—-1= * 8012 Central Celtic Sea:

Mixed fishery.

Series of seabed banks drives
_— enhanced mixing and nutrient
supply to the thermocline.
Turbulence controls predator-prey
interaction.

Shelf edge:
Important mackerel, whiting,
r monkfish fishery.
Longitude * W Physics controls phytoplankton
species (food for fish larvae).

Latitude ° N




The Shelf Edge Phytoplankton
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The shelf edge supports a large-celled community of phytoplankton
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Future approaches?

Ability to measure 315N and 013C on individual amino acids and 13C on lipids
IS a great step forward

Feeding experiments — understanding
ecosystems and their function (rates
of carbon/nutrient mineralisation)

Natural abundance — better constraints
than with bulk isotopes

Vol. 301: 203-306, 2009
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ecosystem functioning. How can we
measure/speciate tiny amounts in the
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Marine Electrochemistry
Group

Specialised in the development of voltammetric sensors and voltammetric
techniques:

- for trace metal speciation (knowledge about the chemical distribution of the
element):

* Sensitive and unique methods for 20 elements: As, Hg, Cu, Sb, Zn, Mn,
etc...

* Detection limits usually in the ppt range (< nM levels) — Amongst the
most sensitive techniques for specific elements.

* Applicable in marine systems, freshwater/groundwaters , biological
fluids and other applications (e.g current project looking at Sb in
meglumine antimoniate for Leishmaniasis treatment)

- for in-situ/on-site analysis;



Example of sensor: Gold microwire
electrode

Gold Microwire Electrode (5, 10 or
25 um)

Advantage:
Simple to produce
No polishing require
Easy sealing

Very sensitive

e

| Advantage:

i In-situ analysis
for real time

|1 monitoring




Labile Cu concentrations during December 2006 Labile copper during September 2007
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Nutrient biogeochemistry
Claire Mahaffey

nourishment essential for growth and
the maintenance of life

Supply of o Recycled/
inorganic and through the O -
s
SOURCE: physical g ','*_t{f"-‘
or biological £ Y e W
RATE: mol X m-2
d-1 i Interaction
productio with the
n marine

ecosystem



Rates of supply, assimilation and fate?

Permanently
mixed
coastal ocean

Seasonally
stratified shelf
sea (NOCQ)

| Permanently stratified
oligotrophic open ocean

Measurements and tools:

Quantify concentration of inorganic and organic nutrients

- colorimetric, UV and high temperature oxidation

Quantify rate of supply and rate of assimilation of nutrients
(inorganic and organic)

- nutrient concentrations and physical measurements, radionuclide
and stable isotope techniques, measurement of enzyme activity)
Determine the source and fate of nitrogen in the marine
environment
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What are the consequences of
environmental change on large-scale
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e.g. Developing tools to
predict effects of fishery

activity on benthic habitats

(Robinson, Frid)

e.g. ‘Conservation
Physiology’ predicting
effects of climate change on
species and populations
(Green) |

3 ACTIV
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Local effects consider v
Tom gear tas.
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Coastal sedimentary processes - depositional
history and preservation into the geological record -
Linking the present to the past

Large sediment
waves migrating in
the Irish Sea

IR
T
»* £y
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.
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Av

Bathymetry

!160"!
25m

sediment
ve migration

> rates in mly W

52°N

Van Landeghem et al.,
2009 (Cont. Shelf Res.)
2009 (Mar .Geol.)
Subm. (Mar. Geol.)

kjjvi@liv.ac.uk




1. Sediment wave size: up to 36m high! Existing knowledge insufficient:
> Flow data: high resolution and peak events: interaction with
sediment waves
> Detailed grain size variations within sediment waves: feedback
growth e e
Gas seepage: inducing extreme growts ===
Post-LGM sea-level rise:
Revised sea-level rise models
might reveal peaks in bed stresses
> Update morphodynamic models
(with NOC and Univ. of Genoa)

with

Y V V

2. Sediment wave migration: size and asymmetry correlate very poorly
with migration rates: we need to disregard simple geometry-based
sediment wave migration predictors...

> Incorrect predictions are hazardous for offshore developments:
infrastructure, plough performance, seabed recovery,

havigation
>



Sediment suspension in the diffusive
and vortex regimes under irregular waves

Peter Thorne - NOC

1 Dave Hodgson

Sand ripple profiler LISST-100

Pressure
sensor

Sand ripple
imager

NorTec ADV -I

Acoustic 3-axis coherent
backscatter Doppler



ABS results: Rippled bed Hs=0.83m medium-grained-sand

log10 Concentration (kg/m3)
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=2P'IDAR surveys reveal high resolution

bathymetry of the Dee

2003 200

LIDAR has proven to be a useful
tool for estuary morphology studies

Horizontal resolution of 2m
Vertical accuracy of ~10-20cm

Provides information on areas of erosion and
deposition

Provides bathvmetric inout for numerical modellina



High : 3.5

Low : -23.7
1689 1740 2003

(chart of G Collins) (chart of J Eyes) (LIDAR survey)

* Canalisation caused channel switch from eastern shore to western shore
* Reduction in estuary area and volume
* Estuary and channels are very mobile and dynamic



\pplications to
ider systems

.g. Holocene valle
omplexes, offshore
“hina

Vellner and Bartek, 2003)
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Applications to much older systems:
Cretaceous
Blackhawk Formation, Book Cliffs, Utah
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Sustainable/environmental marine and
coastal management research projects

« New Approaches to Managing Ecosystem Services in the
Marine Environment (ESRC/NERC, Pl (Sue Kidd), 2008-2010)

— forum for discussion between natural scientists, social
scientists and users and managers of the marine
environment with the objective of improving
understanding of some of the key dimensions of marine
management that are being developed at the present
time

Management, Earthscan, London

« European Seas in Territorial Development’
(EC ESPON project with seven other European
universities, 11/2010 - 10/2012 - P dd
and Dave Shaw)




Sustainable/environmental marine and
coastal management research projects

 Work on sustainability appraisal/strategic environmental
assessment (considering shoreline and offshore
planning/technologies):
— Fischer, T. B. und Phylip-Jones, J. 2007. Strategic Environmental
Assessment (SEA) of the Fife Supplementary Planning Guidance for

Renewable Energies, in: SEA - materials for China’s ‘International
Conference on Strategic Environmental Assessment (SEA)’, SEPA.

Courtesy of Vattenfall



Why care about the ocean?

e upper 2.5 m of ocean
holds as much heat as
overlying atmosphere

w
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® oceans have absorbed more
than 80% of the heat added ter

the climate system (IPCC, s aws  EQ
2007)

surface warming

1979-2005:

® warming over
most of globe

* land warming
faster than
ocean
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Vortex ripples.....with irregular waves

*  Common features in coastal areas

* Near bed hydrodynamics are dominated by
vortex shedding

* Can entrain sediment to far greater heights
than over flat beds

* Great amount of sediment can be transported
over vortex ripples

* Asymmetry in waves can results in net
onshore or offshore transport

offshore < < > onshore
Flow velocity

Q

A schematic... C Q




Near shore sediment transport

Currents and Storms Waves and tides

Dunes and
Sediment in the water = « >
Ripples and offshore bars




Ocean University of China, Qingdao:
> Expertise in ocean remote sensing and physical oceanography
» Research Vessel Dong Fang Hong 2

The Continental Shelf where you are:

» Migrating, large sediment waves in the Yellow Sea reflect
depositional processes and sediment dispersal systems during the
Holocene transgression and high-stand

> Deep-water migrating sediment waves in the South China Sea
reflects the power of the world’s largest internal solitary waves

How could UoL, NOC and OUC collaborate?

> Sharing expertise and equipment: sampling sediment waves in
detall

» Sediment wave research in different environments: generate a
non-site-specific architectural model on sediment wave formation,
growth and migration (potentially high impact research
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