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Before and After:
US Federal Government’s Climate Action Plans
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President Biden campaigned on a bold vision of tackling the climate crisis
~ PRESIDENTIAL ACTIONS

with the urgency that science demands, by building a clean energy economy

that benefits all Americans—with lower costs for families, good-paying jobs Temp Orary Withdrawal Of All Areas

for workers, and healthier air and cleaner water for communities. As part of

on the Outer Continental Shelf from
Offshore Wind Leasing and Review of
the Federal Government’s Leasing and
Permitting Practices for Wind Projects

that vision, the President set groundbreaking goals:

e Reducing U.S. greenhouse gas emissions 50-52% below 2005 levels in 2030

Reaching 100% carbon pollution-free electricity by 2035

Achieving a net-zero emissions economy by 2050

The White House January 20, 2025

e Delivering 40% of the benefits from federal investments in climate and

clean energy to disadvantaged communities

e 30 GW of offshore wind energy by 2030 (2.5K wind turbines)
¢ 3000 GW by 2050 (250K) https://www.whitehouse.gov/presidential-actions/2025/01/

temporary-withdrawal-of-all-areas-on-the-outer-continental-shelf-
from-offshore-wind-leasing-and-review-of-the-federal-

https://www.whitehouse.gov/climate/#:~:text=Reducing U.S. governments-leasing-and-permitting-practices-for-wind-projects/

greenhouse gas emissions,zero emissions economy by 2050
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Big Picture Questions

1. Why offshore wind?

2. Why does air-sea interaction matters for wind energy production?

3. What are the environmental impacts of wind energy production?



Why offshore wind?
hub height wind speeds US Northeast Lease/call areas (NREL 2022)

v
X i “““‘**—F—% L Wind Speed (m/s) / B o =
j L | >10.00 Atlantic Outer Continental Shelf Renewable Energy Leases Pme.[:\ - |
/ — i | 9.75-10.00 f I o = %ﬁd:“’gz’/ﬁ
~L___ f L v 9.50 =9.75 WAL Nantucket
| [\L F“ﬂ — 4 = 9.25-9.50 e LY 8
F““Jﬁ \T —— 9.00-9.25 LS /
J | \L {“—— " 8.75 - 9.00 (e
! i — e 8.50 - 8.75 I
'f‘\\ | ] % 8.25 -8.50 5| "
. ,’ | J 4, 8.00 - 8.25 NN | O e
’ | /.75 -8.00 - '
P O =7 f 7.50 - 7.75 - /\//fBarnegat Light .‘
- Q - et 7.25 -7.50 ) d Beach Hae
‘,% - 7.00 _ 7.25 Atlantic City~® |
& \f | % o \Dx ? y’
’ — | Cap<May | ' 4
oo ELENIRE L \y T s
% Fen(\;v%l‘sg:yd kY
e Winds are stronger and steadier offshore ~ |
. . .y n . . . . Fed/State Boundary
e Supply is higher offshore, closer to cities with high electricity | .. B coEM Lease Areas
d e m an d Bathymetry (m)
. . .y m Shallower than -30
e Less conflict with local communities t
* Previous Federal Gov. Climate Action Plan: 30 GW by 2030 & e B occper than -0
3000 GW by 2050

e Protecting biodiversity & promoting ocean co-use
e Huge changes in the way we use coastal/shelf oceans



Big Picture Questions

1. Why offshore wind energy?

2. Why does air-sea interaction matters?

3. What are the environmental impacts of wind energy production?



Wind turbines are huge and getting bigger
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e Big turbines drive cost down / MW.

e Engineering challenges in transportation,
installation, construction, and
maintenance

e Greater environmental impacts




Wind Wakes

Wind turbines extract kinetic energy from the atmosphere to generate electricity.
This reduces wind speed and increases turbulence downstream.

Wind Wakes Ocean Wakes

— Sediment plume

— Boat wake




High-density offshore structures

NOAR National Centers for .
Environmental Information Gulf of Mexico Data Atlas
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Since the first offshore drilling began in
1942, about 6,000 oil and gas
structures have been installed in the
Gulf of Mexico. These structures range
in size from single well caissons in 10-
ft water depths to large, complex
facilities in water depths up to almost
10,000 ft. About 3,500 structures
currently stand in the Gulf of Mexico; of
these, over 3,200 remain active.

Offshore oil and gas structures are
commonly referred to as "rigs" or
"platforms." These terms actually refer
to the drilling rigs used to drill wells and
the large structures that serve as
production platforms at producing well
sites. These large structures comprise
only a small portion of the network of
jiuvers structures on the Gulf of Mexico's
Outer Continental Shelf.

The Department of the Interior's
Bureau of Ocean Energy Management
(BOEM) is the federal agency

responsible for overseeing the safe
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Currently, there are ~3,200 active oil rigs in the Gulf of Mexico.
However, unlike wind farms, they do not generate significant structural wind wake impacts.



Big Picture Questions

1. Why offshore wind energy?

2. Why does air-sea interaction matters for wind energy production?

3. What are the ocean impacts of wind energy production?



Wind farm wakes in mesoscale models
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Wake-ocean interactions in a fully coupled mesoscale model

SCOAR Regional Coupled Model

Seo et al. (2007, 2016), Sauvage et al. (2024) 1.5 km SCOAR WRF-ROMS-WW3 simulations
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Vineyard Wind 1: 62x 13 MW turbines with a
total capacity of 806 MW. — Largest
completed offshore wind project in the US

2



Wake-ocean interactions

OC_NWF (unperturbed) OC_WF (with wind farms)
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Sea surface temperature response

OC_WF - OC_NWF
Wind deficit @ hub height (138 m)

Parameterized wake effects in the coupled model:

SST difference: 2018-06-01

wind deficit 2018-06-01 WSPD= 7.1m/s

Hub height

>11m/s: rated speed



Wave
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Climatological effects of wind wakes

Wind speed Temperature
Hub height wind speeds Wind stress OC_WF-OC_NWF OC_WF-OC_NWF
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Climatological effects of wind wakes on the ocean

Wave to ocean energy flux
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Quantifying SST warming driven by ocean ML processes
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Directional Wave Spectra

(a) NOWF: Total energy spectrum (m?s rad™1)

Sauvage et al. (2025)
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(d) WF-NOWF: Total energy spectrum (m?s rad™1)
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Wave regime shift from ‘wind-sea’ to ‘swell’ as the wind speed is reduced



Ocean Mesoscale Air-Sea Interaction

SST, current, and surface drag mediated by the ocean mesoscale eddies
modifies the MABL stability, surface wind, and air-sea flux
(e.g., Chelton et al. 2004; Small et al. 2008; Seo et al. 2023)

Correlation bet’n wind and SST (spatially high passed)

NASA Butterfly

Air

Rising |
Warm Moist (

i Air

A, | ulzbulent

~' 7.::‘ | : . : ang : ¢ .
% Sed Heat™

100s km

Gentemann et al. (2020)


https://nasa-butterfly.github.io

Isolating the coupled effect of offshore wind farms

OC_WF NOC_WF

(Wind farm and coupling)  (Wind farm but no coupling) Positive SST anomaly removed in NOC_WF
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Isolating the coupled effect of offshore wind farms

Efect of wind farm

with ocean coupling
Wind Stress

Wind stress
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Increases, offsetting wind-
stress deficits and
contributing to PBL
deepening by 15-20%

Uncoupled models may
overestimate the stress
deficits and underestimate
the PBLH deepening.
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How high does the ocean coupling effect reach in the ABL?

Wind speed
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Summary and Discussion

Unperturbed condition = WInd farm effect without ocean coupling Wind farm effec_t with
ocean coupling

Even more elevated PBLH due to additional
buoyancy production of TKE

PBLH e N
(~200m) _)—:
- —
— )
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N %% upward heat flux

Reduced
entrainment cooling

Entrainment
cooling

|

e Wake-driven wind stress reduction leads to anomalously warm SST of 0.3-0.4°C.

e SST warming is driven primarily by the ocean mixed-layer processes (bottom-up).

* The ocean coupling effect iIs most pronounced In the surface layer and has no impact at turbine-
relevant heights.



