Large-scale sea level changes
and coastal inundation

Denis Volkov
NOAA-AOML / CIMAS-UM

Denis Marlos Shenfu Lei Kandaga
Volkov Goes Dong Huang Pujiana

Dongmin Sang-Ki  Fabian
Kim Lee Gomez

National Oceanic and Atmospheric Administration | U.S. Department of Commerce



Global Mean Sea Level

Acceleration: 0.11 + 0.05 mm/yr?
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Regional Sea Level Changes

15
Ocean and atmosphere
dynamics make sea level
changes spatially
non-uniform.
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Coastal communities are
mainly concerned with
regional sea level changes
and coastal inundation.
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Regional Sea Level Trends (mm/yr)
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To investigate large-scale dynamic (not related to GMSL rise)
and coastal sea level changes in the North Atlantic, explore
Ou r Goa I . how these changes relate to Atlantic Meridional Overturning
Circulation (AMOC), and how they affect coastal inundation
— improve sea level predictions
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Dynamic interannual sea level changes in the
North Atlantic are characterized by a tripole
pattern, showing a general decrease of sea
level in 1993-2010 and a rapid increase in
2011-2015 in the subtropical band and vice
versa in the tropical and subpolar bands.
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Forcing Mechanisms
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Relation to coastal sea level

80 Portion of the interannual sea
<& level variance explained by the
North Atlantic Tripole
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The North Atlantic
Tripole explains
60-80% of the
interannual sea level
variance along the
U.S. southeast coast.
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Relation to coastal
sea level

Amplitudes of the tripole-related sea
. level changes at the U.S. tide gauges

—~ The tripole variability and
GMSL rise equally provide
background conditions for
high-frequency and large-
amplitude processes (e.g.,
storm surges) leading to

coastal inundation.
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Number of flood days

Change in # of flood
days due to the tripole
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Atlantic meridional overturning circulation
increases flood risk along the United States
southeast coast

The rapid tripole-related warming of the subtropical
gyre in 2011-2015 was responsible for 30-50% of
flood days south of Cape Hatteras in 2015-2020.
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Hurricane Irma sends
a storm surge
crashing over a
seawall at the mouth
| of the Miami River in
Florida.
Credits: NPR.
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Current and future research
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% 2004 of the North Atlantic Tripole in
E the subtropical gyre using XBT
and Argo observations.
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® Investigating the mechanisms
of the subtropical gyre
warming since 2010.
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Current and future research

e Dynamical downscaling of CMIP6 models
for the Northwest Atlantic using a
high-resolution MOM6

Goal: To investigate the
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Goal: Investigate how changes in
the AMOC on decadal-centennial Direct Mechanism Imp:roveld
time scales impact sea level. Mean e —p| 563 EVE
sounto - sy predictions/
/ﬁ,,f,.-/m projections

Sea ®

Work with NOS,
local authorities

T@) = [0 = )5 =3 0@ = Pues @

Transitions

—————— Mean Sea Level

v

Indirect Mechanism Flood risk assessment




Collaborators

i3

MIAMI
L)

JJPRESSE

UCLA

UCLA

Jet Propulsion Laboratory
California Institute of Technology

Ocean Surface Topography Science Team

(NASA, NOAA, ESA, CNES) UNIVERSITY OF MIAMI
‘ COOPERATIVE INSTITUTE
for MARINE & ATMOSPHERIC

STUDIES

ORTHERN GULF INSTITUTE

a NOAA cooperative institute




References

Volkov D.L., S.-K. Lee, R. Domingues, H. Zhang, & M. Goes (2019). Interannual sea level variability along the southeastern seaboard of the
United States in relation to the gyre-scale heat divergence in the North Atlantic, Geophys. Res. Lett.,
https://doi.org/10.1029/2019GL083596.

Volkov, D.L., Schmid, C., Chomiak, L., Germineaud, C., Dong, S., & Goes, M. (2022). Interannual to decadal sea level variability in the
subpolar North Atlantic: the role of propagating signals, Ocean Science, 18, 1741-1762, https://doi.org/10.5194/0s-18-1741-2022.

Volkov, D.L., K. Zhang, W. Johns, J. Willis, W. Hobbs, M. Goes, H. Zhang, D. Menemenlis (2023). Atlantic meridional overturning circulation
increases flood risk along the United States southeast coast. Nature Communications 14, 5095,
https://doi.org/10.1038/s41467-023-40848-7.

Pujiana, K., Dong, S., Volkov, D., & Goni, G. (2024). Synthesizing spatiotemporal structures of the North Atlantic tripole. Geophysical
Research Letters, 51, e2024GL108711. https://doi.org/10.1029/2024GL108711.

Huang, L., D.L. Volkov, S. Dong (2024). On the Accelerated Warming in the Subtropical North Atlantic in 2011-2021. Geophysical Research
Letters, submitted.

Kim, D. et al. (2024). A dynamical downscaling of CMIP6 model projections for the Northwest Atlantic Ocean using a high-
resolution MOM6-NWA12. AGU 2024 Meeting. https://agu.confex.com/agu/agu24/meetingapp.cgi/Paper/1588414.


https://doi.org/10.1029/2019GL083596
https://doi.org/10.5194/os-18-1741-2022
https://doi.org/10.1038/s41467-023-40848-z
https://doi.org/10.1029/2024GL108711

