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Ocean Physics: Water Masses and
Thermohaline Circulation
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https://www.youtube.com/watch?v=f2evaLaDvCI
https://www.youtube.com/watch?v=f2evaLaDvCI
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Ocean Physics: Water Masses and
Thermohaline Circulation

Activity 1: Thermohaline circulation: How does seawater density drive deep circulation in the

oceans?

Activity 2: Importance of water masses along the coast: How do estuarine and Gulf Stream
influences impact fish populations on the East Coast of the U.S.?

Activity 3: TSD Diagrams: How do we use data to identify different water masses?



Activity 1: Thermohaline circulation: How does
seawater density drive deep circulation in the
oceans?

Thermohaline Circulation Data Exploration from 2019

« Remind students of the Irminger Sea Flanking Mooring B
relationship between temp, |
salinity and density that they
learned in previous lab.

Temperature (°C)
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https://datalab.marine.rutgers.edu/explorations/2019/thermohaline.php

Activity 1: Update data through 2022

» Data of temp, salinity and density at Irminger sea (need to convert to
potential density like the 2019 widget?):

https://dataexplorer.oceanobservatories.org/#add-data-view/LuhzG7ty/4
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https://dataexplorer.oceanobservatories.org/#add-data-view/LuhzG7ty/4

Activity 2: Importance of water masses along the coast:
How do Estuary and Gulf Stream influences impact fish
populations on the East Coast?

- Remind students of wind driven circulation and the Gulf
Stream, review location of east coast estuaries, expected
salinities of estuarine water and Gulf Stream

* Hook: Why are there tropical fish in the Northeast coast?

* InJanuary of 2017, “a Rhode Island fishermen ...recorded observations and
photographs of unusual catch ...Observed species included Gulf Stream
flounder and juvenile black sea bass, which are not typically found in shallow
New England waters during the winter months." (Gawarkiewicz et al. 2018)

» Gawarkiewicz, G., R.E. Todd, W. Zhang, J. Partida, A. Gangopadhyay, M.-U.-
H. Monim, P. Fratantoni, A. Malek Mercer, and M. Dent. 2018. The changing
nature of shelf-break exchange revealed by the OOl Pioneer Array.
Oceanography 31(1):60-70, https://doi.org/10.5670/oceanog.2018.110

Very recent article:
https://www.capecodtimes.com/story/news/2024/10/04/angelfish-orleans-ma-
new-england-aquarium-little-pleasant-bay-silva-orcutt/75472975007/

Photo by Chris Paparo

https://onthewater.com/gulf-stream-riders



https://doi.org/10.5670/oceanog.2018.110
https://www.capecodtimes.com/story/news/2024/10/04/angelfish-orleans-ma-new-england-aquarium-little-pleasant-bay-silva-orcutt/75472975007/
https://www.capecodtimes.com/story/news/2024/10/04/angelfish-orleans-ma-new-england-aquarium-little-pleasant-bay-silva-orcutt/75472975007/
https://onthewater.com/gulf-stream-riders
https://onthewater.com/gulf-stream-riders

Activity 2: Part 1

Have students observe this 2017
data and answer questions.
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https://dataexplorer.oceanobservatories.org/#add-data-view/OElIr2sc/11

Activity 2: Part 2

« May 2024 event at new location of Coastal Pioneer MAB: May 7-9t™ low salinity water
and May 10-12th salty water at surface:
https://dataexplorer.oceanobservatories.org/?ls=IryuzRPJ#data/9

Students then observe data from

coastal North Carolina in May
ﬁ_pﬁbﬁ 2024. Draw conclusions using
the data as evidence and make

predictions on impact on fish

B s B populations.
! Salinity Recent article:
Wire Following Proflen 1D Weisberg SJ, Roberts SM,
axis : Gruenburg LK, Schwemmer TG

and others (2024) Gulf Stream
intrusions associated with
extreme seasonal fluctuations
among larval fishes. Mar Ecol Prog
Ser 739:157-

172. https://doi.org/10.3354/mep

Apr 17, 2024 Apr 22 May 05 May 12 May 18 May 26 Jun 4, 2024

' ' $14592


https://dataexplorer.oceanobservatories.org/?ls=lryuzRPJ#data/9
https://doi.org/10.3354/meps14592
https://doi.org/10.3354/meps14592
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Activity 2: Part 2

« May 2024 event at new location of Coastal Pioneer MAB can be correlated with
satellite data to show students a different view of the same event

« Satellite Data from Mid-Atlantic Regional Association Coastal Ocean Observing System:
MARACOQOS OceansMap:
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https://oceansmap.maracoos.org/
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Activity 3: TSD Diagrams: How do we use data to
Identify different water masses?
Part 1: Event in 2017 Pioneer NES from Activity 2

e FRRDAP mﬂmnh link
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https://erddap.dataexplorer.oceanobservatories.org/erddap/tabledap/ooi-cp04ossm-rid27-03-ctdbpc000.largePng?sea_water_practical_salinity,sea_water_temperature,time&sea_water_practical_salinity%3E=30&sea_water_practical_salinity%3C=37&time%3E=2017-01-05T00%3A00%3A00Z&time%3C2017-01-24T00%3A00%3A00Z&.draw=markers&.marker=6%7C5&.color=0x000000&.colorBar=%7CD%7C%7C%7C%7C&.bgColor=0xffccccff&.yRange=8%7C15%7Ctrue%7C
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Activity 3: TSD Diagrams: How do we use data to
Identify different water masses?
Part 2: New event in June 2024 Pioneer MAB

» Pioneer MAB Data showing shift in salinity ERRDAP Graph link
between June 22-23 2024
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https://erddap.dataexplorer.oceanobservatories.org/erddap/tabledap/ooi-cp11sosm-sbd11-06-metbka000.graph?sea_surface_salinity%2Csea_surface_temperature%2Ctime&time%3E=2024-05-15T00%3A00%3A00Z&time%3C2024-07-15T00%3A00%3A00Z&.draw=markers&.marker=6%7C3&.color=0x000000&.colorBar=%7C%7C%7C%7C%7C&.bgColor=0xffccccff
https://dataexplorer.oceanobservatories.org/#add-data-view/pZ4LIGfd/10.1
https://dataexplorer.oceanobservatories.org/#add-data-view/pZ4LIGfd/10.1

Climate Change: Ocean Acidification
(Marine Osteoporosis)

How are increasing carbon dioxide levels impacting the ocean
and marine life?



https://www.youtube.com/watch?v=O_mk-YJxwLw

Climate Change: Ocean Acidification
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2019 Data Exploration: Impacts of

Ocean Acidification on Shellfish in the

Pacific Northwest
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Activity 1: Carbon Dioxide: How are
levels of carbon dioxide (CO,) in the
atmosphere and ocean related?

Activity 2: Acidification: The
Relationship between CO, and pH

Activity 3: How do CO, and pH vary
with depth?

Activity 4: Global Change: How do
changing weather conditions and
ocean circulation patterns affect
ocean pH?

Activity 5: What is the impact of
ocean acidification on oysters and
other shelled organisms and how
can we lessen the impact?


https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
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Activity 1: Carbon Dioxide: How are levels of carbon
dioxide (CO,) in the atmosphere and ocean related?

Data view Pioneer MAB North
Surface mooring CO,

Surface Buoy: pCO2 Air-Sea

Scales of y-axes need to be the same
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Data Nugget: Flux of CO, Between
Ocean and Atmosphere in 2017

Coastal CO, Flux Between Ocean and Atmosphere
pCO2 Air-Sea Sensor (1 probe in air, 1 probe in water)
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https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
https://datalab.marine.rutgers.edu/ooi-nuggets/co2-flux/
https://datalab.marine.rutgers.edu/ooi-nuggets/co2-flux/

Activity 2: AC|d|f|cat|on The Relationship between

CO, and pH

« Background on what
happens when CO2
dissolves in water:

 Bubble into BTB
solution or video

« Compare data from

surface and bottom
from East Coast

Data view Pioneer MAB

North Surface mooring
CcCO2

17



https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
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Activity 3:Changes in CO2 and pH with depth

« Compare data from surface and bottom from East Coast
Data view Pioneer MAB North Surface mooring CO2
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Data Tips

When the site loads, you are able to see pH data from the Oregon Offshore Profiler Mooring in the
Coastal Endurance Array. You can interact with the data by:


https://dataexplorer.oceanobservatories.org/#add-data-view/FO4x__aj/1
https://datalab.marine.rutgers.edu/explorations/chemistry/activity3.php?level=exploration21
https://datalab.marine.rutgers.edu/explorations/chemistry/activity3.php?level=exploration21
https://datalab.marine.rutgers.edu/explorations/chemistry/activity3.php?level=exploration21
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Activity 4: Global
Change: How do
changing weather
conditions and
ocean circulation
patterns affect
ocean pH?

 How upwelling
Impacts pH:

« 2019 Data
Exploration:
Impacts of Ocean
Acidification on

Shellfish in the

Pacific Northwest
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Finally, we've highlighted the periods of Northward and Southward
winds on all of the graphs. Take a lock again at the other variables to
see how they change during the periods of N or S winds. What

relationships do you see?


https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
https://datalab.marine.rutgers.edu/explorations/2019/acidification.php
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Activity 4:
Updated data

» Updated data: Co2
and pH data from Apri
2024
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https://dataexplorer.oceanobservatories.org/?ls=7jiIXvwW#data/6
https://dataexplorer.oceanobservatories.org/?ls=7jiIXvwW#data/6
https://dataexplorer.oceanobservatories.org/?ls=7jiIXvwW#data/6
https://dataexplorer.oceanobservatories.org/?ls=7jiIXvwW#data/6
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Activity 5: What is the impact of ocean acidification
on oysters and other shelled organisms and how can
we lessen the impact?

Impacts:

« 2024: MidAtlantic Coast Acidification Network:
* Video 3: Ocean Acidification: Oysters and Seagrass

» Show pictures from IFCB (Imaging Flowcytobot) of taxa that may be impacted by acidification:
» https://ifcb-data.oceanobservatories.org/

 Demonstration Video of Impact of lower pH on shells: Ocean Acidification Lab Activity
Smithsonian Marine Station

Solutions:
« 2024: MidAtlantic Coast Acidification Network:
* Video 4: Ocean Acidification: Monitoring and Solutions
 Article about breeding oysters more resistant to acidification in Canada
« Jeannette's Pier Wave Energy test Center:

« https://www.coastalstudiesinstitute.org/jptestcenter/

» Research related to harnessing energy from the “motion of the ocean” is in its infancy.
However, our researchers are examining the possibility of harnessing ocean currents, such
as the Gulf Stream, and waves to provide clean energy, as well as the possible
environmental implications.



https://www.youtube.com/watch?v=adLWh-MUfvM
https://ifcb-data.oceanobservatories.org/
https://www.youtube.com/watch?v=-0okaRSXDNM
https://www.youtube.com/watch?v=-0okaRSXDNM
https://www.youtube.com/watch?v=gaByOFLA89o&list=PLXRv9Z2djnOAP6GtUf5qEEIgE3rpefAaZ&index=4
https://educationnewscanada.com/article/education/level/university/1/1094274/oyster-breeding-research-aims-to-address-the-deadly-effects-of-ocean-acidification-.html
https://www.coastalstudiesinstitute.org/jptestcenter/

Natural Hazards

Some |deas...




Impact of Eclipse on Plankton Diel
Migration

» https://datalab.marine.rutgers.edu/ooi-nuggets/zooplankton-eclipse/
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https://datalab.marine.rutgers.edu/ooi-nuggets/zooplankton-eclipse/

24

on Plankton
Diel Vertical
M i g rati O n -

» Data View from Forest .

Fires in Oregon e
September 2020 ot - e Time bin a|| .

* On September 8th 2020,
wildfires spread quickly
across western Oregon
causing significant
damage and shrouding
the region in smoke for
more than a week.
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* Can’t find Bio-acoustic
data for that day


https://dataexplorer.oceanobservatories.org/#default-data/4.1
https://dataexplorer.oceanobservatories.org/#default-data/4.1
https://dataexplorer.oceanobservatories.org/#default-data/4.1
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https://dataexplorer.oceanobservatories.org/?ls=GR89ki1u#data/7
https://dataexplorer.oceanobservatories.org/?ls=GR89ki1u#data/7

Thank
you!

Questions?

Jean Anastasia
631-451-4923
anastaj@sunysuffolk.edu
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