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WFIP-3 Multi-Lab-Univ Team

Project Websites:

https://www2.whoi.edu/site/wfip3

https://www.pnnl.gov/projects/wind-
forecast-improvement-project-3 

https://a2e.energy.gov/project/wfip3 

https://www2.whoi.edu/site/wfip3
https://www.pnnl.gov/projects/wind-forecast-improvement-project-3
https://www.pnnl.gov/projects/wind-forecast-improvement-project-3
https://a2e.energy.gov/project/wfip3


WFIP-3 Expected Outcomes

• 18-month-long publicly available 
high-resolution offshore data 
(starting January 2024)

• Improved wind forecasting skill of 
the region
 Develop new boundary layer 

and surface layer 
parameterizations to be 
implemented in NOAA’s 
RRFSv2 model

• Quantify which modeling 
developments (coupled modeling, 
improved PBL, improved surface 
layer, etc.) yield the largest impact 
on reducing the LCOE for offshore 
wind in the U.S.

Observations  Modeling Improvements  Industry Products

6 land sites

10-element 
mooring array

2 process study 
Sites

Remote sensing 
via high-frequency 
radar and satellite

LCOE = levelized cost of energy; PBL = planetary boundary layer; NOAA = National Oceanic and Atmospheric Administration



Why do we care about modeled low-level jet 
climatologies?

Background/Motivation
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https://nantucketcurrent.com/news/first-vineyard-wind-turbine-rises-
off-nantucket

A new dawn…

https://www.vineyardwind.com/press-
releases/2023/10/18/avangrid-cip-announce-successful-
installation-of-the-first-turbine-for-vineyard-wind-1 

https://nantucketcurrent.com/news/first-vineyard-wind-turbine-rises-off-nantucket
https://nantucketcurrent.com/news/first-vineyard-wind-turbine-rises-off-nantucket
https://www.vineyardwind.com/press-releases/2023/10/18/avangrid-cip-announce-successful-installation-of-the-first-turbine-for-vineyard-wind-1
https://www.vineyardwind.com/press-releases/2023/10/18/avangrid-cip-announce-successful-installation-of-the-first-turbine-for-vineyard-wind-1
https://www.vineyardwind.com/press-releases/2023/10/18/avangrid-cip-announce-successful-installation-of-the-first-turbine-for-vineyard-wind-1
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Why do we care about low-level jets?

• Low-level jets (LLJs) can have large impacts on power production (Kelley 
et al. 2004).
– Ramps, ability to forecast, etc.

• Changes in wind speed and direction across the rotor layer impose 
structural stress on the wind turbine (Kelley, Jonkman, and Scott 2006).
– Offshore turbines are taller and have longer rotor diameters, increasing 

the likelihood of LLJ impacts.
• While impactful, there is no agreed-upon definition of what constitutes 

an LLJ.
– Different definitions lead to different results.



Focus on the Rhode Island/Massachusetts 
wind energy areas

Regions of Interest
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Next-generation offshore wind resource dataset

The NOW-23 Dataset
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NOW-23 domain map

NOW-23 domains and 
characteristics

• 21-year (2000–2020) Weather Research and Forecasting 
(WRF) model

• 2-km spatial resolution
• 5-minute or hourly temporal resolution
• Variables, such as wind speed and direction, saved up to 

500 m, with a 20-m vertical resolution (up to 300 m).

Map from https://data.openei.org/submissions/4500



How do we define an LLJ?

Low-Level Jet Definition
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Long History of LLJ Study and Definition
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LLJ Definition

• Criteria used:
– Minimum wind speed at 150 m 

> 3 m/s.
– LLJ cannot be at the 

lowest/highest NOW-23 
altitudes (20 and 500 m, 
respectively).

– Drop in wind speed above the 
nose ≥ 1.5 m/s and ≥ 10%.

– Criterion 2 from Debnath et al. 
(2021) dropped (wind shear 
gradient minimum in the rotor 
layer).
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LLJ Characteristics

• Four characteristics used in this study:
– Percent of jet occurrence: percentage of time that an LLJ is 

said to be occurring.
– Nose height: height of the LLJ nose, where wind speeds are 

at their highest.
– Nose top: height of where the LLJ has its lowest wind speeds 

above the nose height.
– Nose speed: wind speed of the LLJ nose.



How do LLJs vary in the Rhode Island/Massachusetts 
wind energy areas?

Spatial LLJ Climatology
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Rhode Island – Mass.
(All Conditions)

• ~26% LLJ activity in any given hour.
• ~6% spatial variability across the region.
• Higher LLJ activity in WNW.
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Rhode Island – Mass.
(Stable Conditions)

• ~39% mean LLJ activity.
• ~10% spatial variability across the region.
• Higher LLJ activity in the WNW.
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Rhode Island – Mass.
(Unstable Conditions)

• ~16% mean LLJ activity.
• ~12% spatial variability across the region.
• Higher LLJ activity in the NW.



Diurnal, monthly, and interannual behavior 

Temporal LLJ Climatology
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LLJ Characteristics Have Large Monthly Variability

• June has the highest LLJ 
activity while December 
has the lowest.

• LLJ nose heights are 
highest in September, 
lowest in December.

• LLJ nose tops are highest in 
December, lowest in June.

• Nose speeds of LLJs peak in 
May and are slowest in 
December.
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Monthly LLJs by Stability Tell Different Stories

• Stable conditions exhibit 
higher jet occurrence year-
round.

• Nose heights appear 
bimodal, but peak at 
different times of the year.

• Nose tops are highest in 
the winter, lowest in early 
summer.

• Nose speeds are slowest in 
winter for unstable, but 
highest for stable.
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Weak Mean Diurnal Cycle Variability

• Slight bimodal jet 
occurrence, with peaks in 
the afternoon and 
morning.

• Large variability around the 
mean, with mean LLJ 
occurrence between 20% 
and 25%.

• Other factors likely at play 
with a muted diurnal 
response over water (e.g., 
wind direction).
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Large Differences in the Diurnal Cycle w.r.t. Stability

• Higher jet occurrence in 
stable conditions.

• Larger nose height 
fluctuations in stable 
conditions than unstable 
conditions.

• Higher nose tops in 
unstable conditions.

• Faster nose speeds in 
stable conditions.
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Intra-annual Variability Overshadows Interannual

• % jet occurrence:
– Highest: 2005 (28.9%).
– Lowest: 2014 (23.5%).

• LLJ nose heights:
– Highest: 2020 (183 m).
– Lowest: 2011 (172 m).

• LLJ nose tops:
– Highest: 2012 (475 m).
– Lowest: 2011 (467 m).

• LLJ nose speed:
– Highest: 2006 (10.5 m/s).
– Lowest: 2015 (9.38 m/s).
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Interannual Stability Differences More Nuanced

• % jet occurrence:
– Downward trend? 

Significance TBD.
• LLJ nose heights:

– High interannual variability, 
but confined to 15–20 m.

• LLJ nose tops:
– Low interannual variability.

• LLJ nose speeds:
– Nose speeds are much 

slower in unstable 
conditions.



Final thoughts, conclusions, and next steps

Wrap Up
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LLJs in the Rhode Island-Mass. Region Are Dynamic

• LLJs tend to have greater temporal 
variability than spatial variability.

• Stability makes a drastic difference in LLJ 
activity.
– LLJs are over twice as likely to occur in 

stable conditions.
– LLJs are spatially more variable in 

unstable conditions.
• LLJs are most variable temporally over 

the intra-annual cycle.
– High seasonality, lower 

diurnal/interannual variability.
• Other variables such as wind direction 

and boundary layer height will be 
investigated next.
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Thank you!
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