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Presenter
Presentation Notes
25 min talk; 30 slides; aim for about 45s/slide
Compared to some of the other presentations this one will be light on numerics and rather focus on applications. In light of the partying that some of us had last night, this may be just as well.
Darren has some nice photos of the region. This is “Anchored”
In this time of MERS in Korea, it may be appropriate to talk about another virus. Fortunately, in this case it hasn’t yet spread from animals to humans.


1. Many technological advances but
focus on POC research arising from

a) Bigger & faster computers (better models)

b) Observations from
i Satellites (SST, Chlorophyll, SSH)
ii.  Autonomous platforms (Argo floats, gliders)

2. Examples from 2003- 2014 POC- Paper
& POC co- sponsored presentations on

3. What lies ahead

4. Summary


Presenter
Presentation Notes
Many advances in climate and physical/chemical oceanographic research over the past twenty-five years were greatly facilitated by corresponding advances in technology. 
12 years of presentations- have ones for many of the speakers or convenors in S11
all talks are listed for these years but not all presentations are there (some people didn’t submit). So apologies if yours not chosen

http://www.pices.int/meetings/past_annual_meetings.aspx
http://www.pices.int/meetings/past_annual_meetings.aspx

rocessor Transistor Counts 1971-2011 4

1. Earth Simulator in Japan
« First opened March 2002
« Replaced 2009 & 2015

2. Similar haraware in USA 2000 fimes increase from
' ) 1990 to 2011
& other PICES countries

3. Software improvements
e.qg. parallelization

4. Allow models with
 Hligher resolution
« Data assimilation
« More complexity

« Longer simulations (e.gq.,
climate) & more ensembles Davis & Di Lorenzo, Hiroshima 2012
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Presentation Notes
Of course software advances like parallelization advances allowed for better use of these computers
JAMSTEC = Japan Agency for Marine-Earth Science and Technology, also Japan Aerospace Exploration Agency, Japan Atomic Energy Research Institute,
Moore’s Law: observation made by Intel co-founder Gordon Moore in 1965 - number of transistors per square inch on integrated circuits had doubled every year since their invention. Although the pace has slowed, the number of transistors per square inch has since doubled approximately every 18 months.


Chai, Honolulu 2004 Ito et al, Viadivostok 2005

Hermann et al., Victoria 2007 Hermann et al., Dalian 2008
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More complexity: biogeochemical, multi-trophic & end-to-end models
Chai: Modeling Decadal Variability of Carbon Cycle and Ecosystem Dynamics in the Pacific Ocean
Ito: Predictability of location of the Kuroshio Extension and the Oyashio First Branch by JCOPE
Hermann (2007): Performance of NEMURO with the Regional Ocean Modeling System (ROMS) for the Coastal Gulf of Alaska (nutrients)
Hermann (2008): Significance of curl-driven upwelling to production in the Coastal Gulf of Alaska


Pefia & Masson, Khab sk 2011
Ito et al., Portland 2010 eha LS (el

Rose et al., Khabarovsk 2011 Fiechter et al., Nanaimo 2013
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- More complexity: biogeochemical, multi-trophic & end-to-end models
- Fietcher: Spatiotemporal variability of air-sea CO2 exchange in the California Current 
Pena: Modelling lower trophic level ecosystem dynamics in the Strait of Georgia
Ito: Multi-trophic level ecosystem modeling for understanding the mechanism of small pelagic fish species alternation associated with climate regime shifts
Rose: Combining hydrodynamic, NPZ, and fish models into climate-physics-fish-fisher models: can the biology and people keep up with the computers?


Kamachi et al., Victoria 2007 Kurapov et al., Khabarovsk 2011
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Data assimilating and/or operational models
-Kamachi (2004): Data Assimilation in the Pacific Ocean as An Application of Observing System to Physical Oceanography and Climate Research
Miyazawa (2007): Water mass structure in the Kuroshio-Oyashio mixed water region reproduced by JCOPE2
 Kamachi (2007): An example of operational ocean data assimilation and prediction
-Kurapov: The Oregon coastal ocean data assimilation system: performance assessment


/ /., Viadi k 200
Wang & Overland, Viadivostok 2005 Hasumi et al., Viadivosto 5

Wang & Overland, Victoria 2007 Curchitser et al., Portland 2010


Presenter
Presentation Notes
 climate modelling & analysis of climate models
Wang (2005): EVALUATION OF IPCC AR4 COUPLED CLIMATE MODEL SIMULATIONS
Hiroyasu Hasumi (2005): Present and future of the North Pacific simulated by a high resolution coupled atmosphere-ocean model (MIROC)
 Wang (2007): The future climate of the North Pacific from IPCC AR4 Model Projections
Curchitser (2010): Earth System Modeling: Are we ready?


Joh et al., Nanaimo 2013 Merryfield, Nanaimo 2013

Rykaczewski et al., Nanaimo 2013 Foreman et al., Nanaimo 2013
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- climate modelling & analysis of climate models
Merryfield: How predictable is the North Pacific?
Rykaczewski: Investigating the upwelling intensification hypothesis using climate-change simulations  showed that Bakun’s hypothesis of intensified upwelling winds is not borne out in climate models; 
Joh: An improvement of Pacific Decadal Oscillation pattern simulation in climate models (CMIP5) 
Foreman:  Regional Ocean Climate Model Projections for the British Columbia Continental Shelf 


Ko, Jang et al., Nanaimo 2013 Di Lorenzo et al., Nanaimo 2013

Curchitser et al., Yeosu 2014
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climate modelling & analysis of climate models
Ko:  A Regional Climate Model for the Western North Pacific: Present and Future Climate Simulation 
Di Lorenzo: Changes in character of North Pacific variability and ecosystem implications
Curchitser: Climate—Boundary Current Interactions: Stories from East and West


Capotondi, Portland 2010 Mochizuki et al., Khabarovsk 2011

Christian, Khabarovsk 2011 Taguchi et al., Khabarovsk 2011
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climate modelling & analysis of climate models
Capotondi (antonietta): Climate Change of upper‐ocean stratification as inferred from the IPCC‐AR4 models: A GLOBEC study
Mochizuki:Decadal prediction using a recent series of MIROC global climate models
Christian: Effects of natural variability on biogeochemical processes in climate models
Taguchi: Decadal variability of the Kuroshio/Oyashio Extension fronts, their atmospheric influences, and implications to prediction


Trusenkova et al., Vladivostok 2005 Qiao & Lv, Yokohama 2006

Kuroda et al., Portland 2010 Diansky & Zalesny, Khabarovsk 2011
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Process study modelling or different numerical techniques & parameterizations
Qiao: The Upwelling System in the East China Sea in summer and winter (importance wave mixing parameterization) 
Trusenkova:  Seasonal and interannual variation of currents in the western Japan Sea: numerical simulation in comparison with infrared satellite imagery
Kuroda: A numerical study on the winter mixed layer on the shelf-slope region south of Japan
Diansky (Fukushima): Numerical simulation of the large-scale ocean circulation on the base of multicomponent splitting method


Qiao & Huang, Hiroshima 2012 Kuzin, Hiroshima 2012

Li et al., Hiroshima 2012 Cherniawsky et al., Hiroshima 2012
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Applications:
Li: Methods Used to Predict the Impacts of Tidal Energy Exploitation on Environment
Cherniawsky: Predicting tsunami waves and currents on the West Coast of Canada: A case study for Ucluelet, BC
Kuzin: Influence of the Interannual Variations in Siberian Rivers Discharge on Redistribution of Freshwater in Arctic Ocean 
Qiao: Comparison between vertical shear mixing and surface wave-induced mixing in the global ocean


Cai & Zhang, Nanaimo 2013 Sakamoto et al., Yeosu 2014

Jacox et al., Yeosu 2014
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Applications
Jacox: Climate Variability and the 3D Structure of Coastal Upwelling
Sakamoto: Development of a Seto-Inland-Sea model toward operational monitoring and forecasting 
Cai: The role of the East Asian monsoon (EAM) in the responses of the marine environment in the East China Sea (ECS) to the East Asian climatic jump around 1976/77 


1. Topex/Poseidon/Jason altimetry

« Lifetimes:
TP1: 1992- 2006
Jason 1: 2001- 2013
Jason2: 2008 -
Jason3: 2016 -

»  Measure sea level to within few cm
Sea level rise
Tides, eddies, E/ Nifio, PDO, ...
Assimilation into models

2. MERIS, Modis, AVHRR SeaWIFS,
Landsat
o  SST, chlorophyll, winds


Presenter
Presentation Notes
-images are TP & Seawifs daily coverage

http://sealevel.jpl.nasa.gov/missions/topex/
http://sealevel.jpl.nasa.gov/missions/topex/

Foreman et al., Seoul 2003 Kobayashi, Honolulu 2004

Ladd et al., Victoria 2007 Oi Lorenzo et al. Dalian 2008


Presenter
Presentation Notes
Foreman: Preliminary Modelling and Observational Studies of the Juan de Fuca Eddy
Kobayashi:Seasonal and interannual variability in larval transport and oceanography in the Northwestern Hawaiian Islands using satellite remotely sensed data and computer simulation
Ladd:Eddies in the Eastern Gulf of Alaska
Di Lorenzo: North Pacific Decadal Variability in the FUTURE


Shevchenko & Romanov, Honolulu 2004
Rykaczewski & Checkley, Yokohama 2006

Kim et al., Dalian 2008 Lobanov et al., Dalian 2008
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Shevchenko: Seasonal variations of Okhotsk Sea circulation from Topex/Poseidon satellite altimetry data
Rykaczewski:

 USADecadal-scale Variability in Upwelling Processes in the California Current Ecosystem and Potential Biological Responses
Kim: Eddy Variability from Direct Current Measurements in the Southwestern East/Japan Sea 
Lobanov:Coastal upwelling and its ecological effects in the northwestern Japan Sea 


Bograd et al., Dalian 2008
Schtraikhert et al., Dalian 2008

Polovina et al., Jeju 2009 Kaplunenko et al., Jeju 2009
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Bograd: The Phenology of Coastal Upwelling in the California Current: Interannual Variability and Ecosystem Consequences
Schtraikhert: Chlorophyll-a concentration at wind-induced upwelling regions in Peter the Great Bay in 2003-2007
Polovina: Developing an understanding of recent and future changes in the North Pacific Subtropical Gyre marine ecosystem
Kaplunenko:Effects of variability  ‘separation’ separation for the northern Japan/East Sea obtained from satellite data 


Ueno et al., Portland 2010
Nieto et al., Portland 2010

Park et al., Portland 2010 Trusenkova, Portland 2010
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Ueno, Hiromichi: Observations of a Kenai eddy along the Alaskan Stream south of the Aleutian Islands
Nieto (chlorophyll): How does mesoscale oceanic structure in the California Current System affect the distribution and ultimately the survival of larval fish? 
Park: Characteristics of Anomalous Coastal Upwelling Detected off the East Coast of Korea in Summer 2007
Trusenkova: Multivariate analysis of wind stress and curl over the Japan/East Sea, based on satellite scatterometry data


Crawford, Portland 2010 Belonenko, Khabarovsk 2011

Zhabin, Khabarovsk 2011 Andreev & Zhabin, Hiroshima 2012
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Crawford:Features of the Northeast Pacific Ocean 
Belonenko: The sea-surface level in the Northwestern Pacific as an indicator of local and global tendencies in the climate change
Zhabin: Tidally driven system around the Shantar Islands (the Sea of Okhotsk).
Andreev:Origin of the mesoscale eddies and year-to-year changes of the chlorophyll-a concentration in the Kuril Basin of the Okhotsk Sea


Kuroda et al., Nanaimo 2013 Hunt, Khabarovsk 2011

Hunt, Khabarovsk 2011
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Kuroda:Interdecadal decreasing trend of the Oyashio on the continental slope off the southeastern coast of Hokkaido, Japan.
Hunt: Aggregation hotspots


1. Gliders

2. Argo floats
« First deployed in 2000
«  Millionth profile by Nov 2007
«  Now over 3700 floats
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Presentation Notes
To maintain array need to deploy about 800/yr

http://www.argo.ucsd.edu/

Barth et al., Yeosu 2014

S12 Nov 10, 15:00:
"The subsurface and inner-shelf
structure of 25 years of variability
in the Northern California Current”
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Presentation Notes
Best example of gliders: Jack Barth work off Oregon
Barth: What Goes on Beneath the Waves and When We’re Not Watching 
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Presentation Notes
Need about 800 deployments/year to maintain


Park et al., Seoul 2003 Freeland & Cummins, Honolulu 2004

Sato & KOﬂO, Yokohama 2006 Freeland et a/., Victoria 2007
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Presentation Notes
Park: Intermediate level circulation in the southwestern part of the Japan/East Sea from subsurface floats 
Freeland (2004): Argo as an aid for environmental monitoring and assessment: as example fo the Gulg of Alaska
Sato: Seasonal variation of current structure in the subarctic North Pacific from Argo data 

Freeland (2007): Mixed-Layer Depths along Line-P: The annual cycle and recent variability.


1. Sea Surface
Salinity
Observations

« NASA Aguarius image, Stammer, EOS,
June 15, 2016

« ceased operation June 2015

« But European Space Agency’s Soil
Moisture and Ocean Salinity (SMOS)
spacecraft continues

http: //bit. ly/SMOS- spacecraft


Presenter
Presentation Notes
 spaceborne measurements of sea surface salinity using the European Space Agency’s Soil Moisture and Ocean Salinity spacecraft (SMOS; see http://bit.ly/SMOS-spacecraft) and NASA’s Aquarius mission aboard the Argentine SAC-D spacecraft (which ceased operations in June 2015; see http://aquarius.nasa.gov).
Bottom image is SMOS average for 2010

http://aquarius.nasa.gov/

2. SWOT
Altimetry

Surface Water and Ocean Topography mission (NASA/CNES/CSA)
Planned launch in 2020

10 times resolution of present technology

« 120km swath

« Resolve 100m rivers & 1km? lakes

« Coverage twice every 21 days
. &

http://ctoh. legos. obs- mip. fr/products/altimetry/future-

missions/swot
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Presentation Notes
 spaceborne measurements of sea surface salinity using the European Space Agency’s Soil Moisture and Ocean Salinity spacecraft (SMOS; see http://bit.ly/SMOS-spacecraft) and NASA’s Aquarius mission aboard the
Argentine SAC-D spacecraft (which ceased operations in June 2015; see http://aquarius.nasa.gov).

https://swot.jpl.nasa.gov/mission/
https://swot.jpl.nasa.gov/mission/

3. Continuing
Bigger & Faster
Computers

« New architectures for computing & storage

* Models will continue to
i. refine their spatial resolution
il, simulate for longer time periods
ilf. Compute ensembles over larger sets

iv. Increase their complexity in terms of

i. Incorporating more biogeochemistry + physics + human
factors (e.q., end-to-end)

il. including more subgrid-scale processes


Presenter
Presentation Notes
 spaceborne measurements of sea surface salinity using the European Space Agency’s Soil Moisture and Ocean Salinity spacecraft (SMOS; see http://bit.ly/SMOS-spacecraft) and NASA’s Aquarius mission aboard the
Argentine SAC-D spacecraft (which ceased operations in June 2015; see http://aquarius.nasa.gov).


1. POC research has benefited from
many technological advances over the
past 25 years

2. Focused on those arising from

a) Bigger & faster computers (better models)
b) Satellites (SST, Chlorophyll, SSH)

¢) Autonomous platforms (Argo floats,
gliders)

But of course, there are others

3. Examples from past POC- Paper
& POC co-sponsored presentations

4. Some thoughts on what lies ahead


Presenter
Presentation Notes
- Again, apologies if I didn’t pick yours!


1. PICES Secretariat (Julia) for archiving
presentations from previous annual
meetings

2. All presenters who allowed their talks to
be posted for me to use

» Hopefully I didn't misrepresent your
work!

3. And to everyone who has contributed to
POC over these 25 years.
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