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Introduction

Offshore wind resources map (~100 m height)

Wind turbines operate at Vineyard Wind 1 offshore 
wind farm off the coast of Massachusetts.

As of now, it has 62 turbines that will generate a total of 800 
megawatts. That is enough electricity to power about 400,000 

homes.

Previous administrations goals to produce electricity from offshore wind:
Å 30GW by 2030 (2.5K turbines)
Å 3000 GW by 2050..! (250K turbines)



WFIP3 DOE project: Observation component
The third Wind ForecastImprovementProject (WFIP3), November2023-August 2025

A 46-m barge wasmoored, completing 85 days of 
unattended sampling on-station.
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A total of 1418wind turbines. 

1.5 km high resolution WRF-ROMS-WW3 coupled modeling

The Fitch parameterization (Fitch et al. 2012) is used to 
represents wind turbines in the atmosphere.
-> wind turbines are not explicitly represented in the ocean

-> Fully coupled including wind farms (WF)

-> Fully coupled without wind farms (NOWF)



Wind Wake

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

This reduces wind speed and increases turbulence, modifying the kinematic/thermodynamic profiles in the atmospheric 
boundary layer and air-sea heat and momentum exchanges.

Shaw et al. 2022
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The turbulence coefficient CTKEis calculated as the difference between the thrust 
coefficient (CT) and the power coefficient (CPύΥ    ʰ /TKE = (CT - CP)

ŘhŜǘŜǊƳƛƴŜǎ ǘƘŜ ŦǊŀŎǘƛƻƴ ƻŦ ǘǳǊōƛƴŜπƎŜƴŜǊŀǘŜŘ ¢Y9 ŀŘŘŜŘ ǘƻ ǘƘŜ ƳƻŘŜƭΦ

¢ƘŜ ŘŜŦŀǳƭǘ ǾŀƭǳŜ ʰ Ґ лΦнр ŀǎǎǳƳŜǎ ǘƘŀǘ нр҈ ƻŦ ǘƘŜ ǘǳǊōƛƴŜπǇǊƻŘǳŎŜŘ ¢Y9 ƛǎ ƛƴƧŜŎǘŜŘ 
into the atmosphere.

Power curve

The Fitch parameterization
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The turbulence coefficient CTKEis calculated as the difference between the thrust 
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into the atmosphere.

Power curve

The Fitch parameterization
Increased TKE within the wind farm
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Hub height (138) m wind response to offshore wind farms

Hub height wind response to wind farm 



Wind and waves summer climatology in the region

ÅtǊŜŘƻƳƛƴŀƴǘƭȅ ǎƻǳǘƘǿŜǎǘŜǊƭȅ ǿƛƴŘǎΣ ǿƛǘƘ ƳƻŘŜǊŀǘŜ ƴŜŀǊπǎǳǊŦŀŎŜ ǿƛƴŘ ǎǇŜŜŘǎΦ

Å Long southerly fetch in favor of predominant south to southeasterly waves.

ÅLƴ ŎƻƴǘǊŀǎǘΣ ǿŀǾŜǎ ŦǊƻƳ ǘƘŜ ƴƻǊǘƘπƴƻǊǘƘǿŜǎǘ ŀǊŜ ŀƭƳƻǎǘ ƴƻƴŜȄƛǎǘŜƴǘ ŘǳŜ ǘƻ ǘƘŜ ƭƛƳƛǘŜŘ ŦŜǘŎƘ ƛƴ ǘƘŀǘ ŘƛǊŜŎǘƛƻƴΦ



Comparison to observations



Mean differences: WF ςNOWF Coupled with wind farms (WF)
Coupled without wind farms (NOWF)

Dots: Significant at 99% 
confidence level

~3%

~20%~20%

~10%



Atmospheric stability classificationsusing the 
Obukhovkength(L)

Atmospheric stability dependence

Stable:60%
Unstable: 35%
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Atmospheric stability dependence

Averaged over stable conditions

Averaged over unstable conditionsAtmospheric stability classificationsusing the 
Obukhovkength(L)

Stable:60%
Unstable: 35%



Wave spectrum differences
Composite of southwesterly wind conditions over the New Jersey wind farms
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Averaged over New Jersey (NJ) wind farm during Southwesterly wind conditions
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Wave spectrum differences

Averaged over New Jersey (NJ) wind farm during Southwesterly wind conditions

NOWF WF-NOWF

NOWF: wind-sea NOWF: swell WF-NOWF: wind-sea

Wave growth is reduced as the wind speed is reduced
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Averaged over New Jersey (NJ) wind farm during Southwesterly wind conditions
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NOWF: wind-sea NOWF: swell WF-NOWF: wind-sea WF-NOWF: swell

No impact on the remote southeasterly swell, disconnected 
from the local wind. 
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Wave spectrum differences

Averaged over New Jersey (NJ) wind farm during Southwesterly wind conditions

NOWF WF-NOWF

WF-NOWF: wind-sea WF-NOWF: swell

²ŀǾŜ ǊŜƎƛƳŜ ǎƘƛŦǘ ŦǊƻƳ ΨǿƛƴŘ-ǎŜŀΩ ǘƻ ΨǎǿŜƭƭΩ ŀǎ ǘƘŜ ǿƛƴŘ ǎǇŜŜŘ 
is reduced

Wave phase speed (cp) Surface roughness (z0)



SST and Mixed Layer Depth impact

shallowerMLD 
by ~20%

SST warming 
of 0.3° to 0.4°C

WF - NOWF WF - NOWF

MLD estimated using 
0.03 kg.m-3 density 

threshold



SST and Mixed Layer Depth impact

shallowerMLD 
by ~20%

SST warming 
of 0.3° to 0.4°C

MLD estimated using 
0.03 kg.m-3 density 

threshold

Strong interannual 
variability !

WF - NOWF WF - NOWF



Robustness of the SST response
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Vertical ocean- atmosphere structure: MA/RI focus.

Ocean warming is concentrated within the mixed layer, while 
cooling occurs below, indicating enhanced upper- ocean 

stratification.  

10%

30%

WF - NOWF Temperature Wind

WF - NOWF

MLD MLD

N2:Brunt- Väisäläfrequency squared 



Ocean mixed layer heat budget



Ocean mixed layer heat budget

Reduced entrainment cooling due to shallow 
MLD plays dominant role

In the MA/RI region, the MLT increases by 
~0.18°C, primarily due to reduced ENT cooling 

(0.17°C)



Ocean mixed layer heat budget


