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Oceanographic Setting
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Oceanographic Setting

Water Properties:

Shelf-Slope Exchange:

Cold fresh shelf water
Warm salty slope water

Separated by a front that is
dynamically trapped at the shelf

break (Gawarkiewicz and Chapman 1992;
Chapman and Lentz 1994; Chapman 2000) 42N

Wind forcing (Lentz et. al. 2003)

Frontal Instability (Lozier and Reed 2005: sl A& 1 70
Zhang and Gawarkiewicz 2015) Ny (  a

Salty Intrusion (Lentz 2003; Gawarkiewicz 360N

et al,2022)

Bottom E|<man transport (Brink and 0 kgl O
Lentz 201 0ab; Brink 201 2; Benthuysen et. al. 76°W Sy S2°W S1OW 60" W
2015)

: SST in March 2012, NOAA blended product
Warm Core Rings (WCR) (Lee and n Harc ended produc

Brink 2010; Chen et. al. 2014; Zhang and
Gawarkiewicz 2015)



Outline

|. An Unprecedented Extreme Event in 2012

* [ocal Heat Balance: Observations and modeling

2. An Advective, Subsurface Marine Heatwave in 2017
" Preconditioning associated with cyclonic eddies
» Upwelling wind and local bathymetry

3. Summary



The Extreme Warm Anomaly in 2012: Jan-Jun SST
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Observations in 2012: in situ, remote sensing, reanalysis

45°N k , i
;"\
42°N i '

44025

. N\

S9N \\Oleander line
N\
AN
' N\

. 144099 \

36°N 9 ¢ NDBC buoy \\
‘ A o WOA profile \
d ¢ ECOMON profile
-- Oleander line N\
- N\

330N Mm—— N

81°W 78°W 75°W 72°W 69°W 66°W

NDBC buoys:
Surface Temperature

Oleander line:
XBT Profiles

NEFSC ECOMON survey:
Temperature/Salinity

World Ocean Atlas (WOA):
Temperature/Salinity

NCEP NARR:
Air-Sea Heat flux,
Vector Wind



NDBC Buoy Temperature: 2012 vs 2000-2010 mean
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2012 temperature was above average most of the time

Consistent shelf-wide warm anomaly in the first half of 2012

6-month anomaly: 1.7-2.6° C, maximum (6" C) in March near Cape Hatteras
In-phase variation of temperature anomalies



NDBC Buoy Temperature: 2012 vs 2000-2010 mean

Near surface Temperature Temperature Anomalies
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= 2012 temperature was above average most of the time

* Consistent shelf-wide warm anomaly in the first half of 2012

= 6-month anomaly: 1.7-2.6° C, maximum (6° C) in March near Cape Hatteras
" In-phase variation of temperature anomalies



mean vs 201[2

T[°C]

XBT profiles from MV Oleander

Monthly XBT Profiles near NJ Shelf Break
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Temperature Budget Diagnostics: |-D Balance

Temperature Balance:
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" Air-sea heat flux largely controlled the temperature change over the

MAB shelf

" Availability of observations prevents the quantification of advective

flux and budget closure



Temperature Anomaly (2012 vs 2004-2013) Budget
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* Temperature was not above average in late 201 |

A M J

* Increasing anomaly predominantly controlled by the air-sea flux

* Ocean advection was cooling the entire region



Temperature Anomaly (2012 vs 2004-2013) Budget
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* Temperature was not above average in late 201 |

* Increasing anomaly predominantly controlled by the air-sea flux

* Ocean advection was cooling the entire region



Outline

2. An Advective, Subsurface Marine Heatwave in 2017
" Preconditioning associated with cyclonic eddies

= Upwelling wind and local bathymetry

3. Summary
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A subsurface, advective heatwave in 2017
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Gawarkiewicz et al., 2019
First discovered by commercial fishing industry: unusual catch of Gulf Stream

species near Block Island
Anomalously high temperature and salinity: >4 °C and >1, above 90%

Compound extreme event: strong indication of offshore origin



The (indirect) evidence of Gulf Stream intrusion
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Series of Gulf Stream Warm Core Rings: Nov 2016, Jan 2017, and Feb 2017



The hypothesis

42°N

=  Gulf Stream Warm Core Rings bring
warm/salty water onto the shelf

m Anomalous water mass rides on the mean
along-shelf flow and exits the shelf in April

40°N

Feb12-16./7

However, ...

|. A thorough proof using existing data is not
possible
360N MES o X A A 2325 2. Whether not WCRs are indeed important?
o N ,T=10-12C

3. What is the exact working mechanism?

4. What about other factors, e.g., atmospheric

76°W 74°W 72°W 70°W forcing?
Gawarkiewicz et al., 2019



Realistic Numerical Modeling
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Model Skill Assessment: Comparison of 4-D T/S Structure

T, Comparisons at the same time and location
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Cross-shelf bottom intrusion

Two steps: preconditioning by cyclonic eddies + upwelling wind

Stepl: Cyclonic eddies precondition the outer continental shelf, by
changing along-shelf pressure gradient and inducing frontogenesis

Step2: Persistent upwelling wind drives a bottom intensified intrusion

from the outer shelf to inner shelf

The intrusion is localized along a bathymetric trough




Presence of cyclonic eddies

Model prognostic fields, Nov 13,2016 AVHRR SST. Nov 13.2016

a: temp - surface b: salt - surface
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30 " Model captures cyclonic
eddies, which can not be
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altimetry or SST alone
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Frontogenetical process by cyclonic eddies
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Bottom intensified intrusion
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Bottom intensified intrusion
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Pressure gradient setup drives intrusion
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Summary

= 2012 Marine Heatwave is primarily driven by air-sea fluxes

= 2017 Marine Heatwave is driven by offshore eddies and onshore
bottom intrusion

= MHW/s involves fundamental yet complex processes including air-sea
interaction, large-scale circulation, coastal processes, and multiscale
interactions.

* More process studies are needed for deterministic prediction of
MHW:s

" |ong-term, water column observations along with advanced satellite
observations are essential for improved understanding
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Impacts on the Marine Ecosystem in 2012

Chlorophyll a, mg m™
N
1

0

~=LoNg term mean Chlorophyll
2011-2012 Mean
o 2011-2012 Observations o

K. Friedland, NEFSC

30

| | | | | T | 1 T | 1
Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun

N
(&)

n
o

'y
o

Landings (millions Ibs)
o o

—2012 1
— 4 Lobster landings
- | v % total

A. Pershing, GMRI
| | | 1 | |

l 1
May July Sept. Nov.

Month

Jan. Marl.

1.7 4
1.6 1
15
14
13.

1.2 4

log cm® 100m™”

1.1 -

Zooplankton Biomass,

1.0 4

094

08

Climatology  Zooplankton Biomass

1 === Observation

- =
L
‘

K. Friedland, NEFSC

Earlier
Higher

Earlier

Northward shift of butterfish, black sea

1 I I I ] I
JulAug Sep-Oct Nov-Dec Jan-Feb Mar-Apr May-Jun
2011-2012

and more intense spring bloom

zooplankton biomass

landing and larger catch of lobster

bass, Atlantic cod

NMFS Ecosystem Advisory: http://nefsc.noaa.gov/ecosys/advisory/fall2012/advisory.html



Why care heatwaves/heat balance?

|. Global climate system has been undergoing rapid changes

Land & Ocean Temperature Percentiles Jun 2023
NOAA'’s National Centers for Environmental Information
Data Source: NOAAGIobalTemp v5.1.0-20230708

" Most regions were much
warmer than average

= Many regions set the
record high temperature

* The warmest June in the
| 74 years

Record Much Cooler than Near Warmer than Much Record
Coldest Cooler than Average Average Average Warmer than Warmest

@' Average Average

We need to understand how the global changes are manifested
in the coastal oceans, particularly the mechanisms connecting the
large-scale and coastal scale.



Why care heatwaves/heat balance!

2. Important to ecosystem dynamics and commercial fishing industry

* Northward migration of fish
stocks, consistent with
warming ocean

= Contributed to overfishing:
regional fishing quotas are
based on past ocean
conditions

Better understanding of
the heat balance and
temperature change has
societal and economic
Importance

Migration pattern of fish stocks : 1960 - 2015

Yellowtail flounder
Centered off New Jersey in the late 1960s,
and then off Rhode Island by 2015

B Red hake
Centered off New Jersey in the late 1960s,
and then off Massachusetts by 2015

B Lobster Connecticut
Centered off New Jersey in the
late 1960s, and then off

Massachusetts by 2015

Summer flounder
Centered off Delaware in the late 1960s,
and then off New Jersey by 2014

Delaware

From Wall Street Journal. Source: Rutgers University



