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Announcements 


• Homework on Boundary Layer Module 


• due: Today 


• returned: Monday February 13th


• questions on homework: by appointment


• Midterm exam: Monday March 6th


Today’s Lecture

1. NYSM measurements—land-atmosphere exchange

2. Marine Atmospheric Boundary Layer—offshore wind

Lecture 5: NYS Mesonet | Marine Atmospheric 
Boundary Layer and Wind Energy

Feb 6 2023



But first…

Saratoga Lake (4 February 2023 ~ 8 AM LT; about -13oF)

Some open water here



Because of how close boiling water is to 
evaporating. Because the tiny droplets 
are so hot, they start to vaporize. Since 
cold air can't hold as much water vapor 

as warmer air, the water condenses.



Typical diurnal temperature sequence (6-12 July 2022 Albany, NY)



Recent cold “snap”: Watertown NY

-33 degrees F!

Diurnal cycle? Nope!

Clouds and LCL
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Footprint-based Land 
Cover Representation PENN

Footprint depends on z0, z/L,…



Momentum Flux



Net Radiation



Sensible and Latent 

Heat Flux



Energy Balance



Why doesn’t the budget close?

• Instrument/computational 
error 


• footprint mismatch


• siting


• missing low or high freq 
turbulent flux
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Foken, 2008, Wilson et al., 2002

Flux 
footprint

Net radiometer footprint
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Bowen Ratio (B)
B = H/LE

From J. Covert



Common Values of B

Amazon

Equatorial Pacific

B ~ 0.1

B ~ 0.25

Harvard Forest: Growing 
season: 2 down to 0.5

Today: B > 5



Horns Rev 1 Wind Farm
12 February 2008 at around 10:10 UTC

Photo: Christian Steiness

The Marine Atmospheric Boundary Layer 
(and offshore wind energy)



Conceptual Model of the ABL

But what about over the ocean?
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Conceptual Model of the ABL

But what about over the ocean?
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zi

z0 - surface roughness

PBL Structure 
wind, T, q profiles
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The Marine Atmospheric 
Boundary Layer—need 

to account for sea 
surface, water column!

Air-sea interface

Ocean 
Boundary 

Layer

Marine 
Atmospheric 

Boundary 
Layer



Sea Breeze Circulation



Offshore flow—wind profile 
modification



Estimating H and LE over 
the ocean

where ρ is the density of air; cp, the specific heat capacity of air at constant pressure; L, the 
latent heat of vaporization; Ch and Ce, the stability and height dependent transfer 
coefficients for sensible and latent heat respectively; u, the wind speed; Ts , the sea surface 
temperature; Ta, the surface air temperature with a correction for the adiabatic lapse rate, γ; 
z, the height at which the air temperature was measured; qs, 98% of the saturation specific 
humidity at the sea surface temperature to allow for the salinity of sea water, and qa, the 
atmospheric specific humidity. 




Air mass modification—4 Feb 2023

Strato-cumulus, cumulus 
field resulting from highly 
unstable conditions—cold 

air flowing over warm 
water
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Meteorological-Oceanographic 
Challenges Faced by Offshore 
Wind Development Along the 

Northeast Coast of the US



The Resource—US

Offshore wind resource data (100 m ASL) used for the 2016 offshore wind resource 
assessment. Map provided by NREL, AWS Truepower, and Vaisala/3TIER 
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Generally, greatest 
wind speeds are 
found as we go 
further offshore. 
But, under 
enhanced sea 
breeze/LLJ 
conditions...
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Evidence it’s a more 
unstable environment 

offshore during the cool 
season (Archer et al. 

2016)



15 May 2020 E. McCabe
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The Sea Breeze

21 July 2020 4:44 PM LT 
Riis Park Rockaway NY



• A local circulation (but see below!) that occurs at coastal locations 
throughout the world, during quiescent weather conditions.


• Observed from polar regions to the equator. 


• Provides relief from oppressive hot weather, triggers thunderstorms, 
provide moisture for fog, blows away beach umbrellas 


• Can produce either improved or reduced air quality near coastal 
regions (fresh air mass or re-circulate polluted air—see Great Lakes 
study)


• Crucial in siting of offshore wind energy facilities (see below)


• Can affect marine and aviation interests (small craft, large vertical 
wind shear in the MABL)
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 From Miller et al. (2003): “Simpson [1994] 
discusses the story of Athenian military 
leader Themistocles, commander of the 
Greek forces in a naval battle with the 
Persians in 480 BCE. The battle took place in 
a narrow channel between the island of 
Salamis and the Greek mainland. 
Themistocles chose to begin his battle with 
the Persians at the moment when the sea 
breeze began flowing into the narrow 
channel. The low, solid design of the Greek 
ships gave them the advantage in the choppy 
waters caused by the sea breeze, and they 
defeated the Persians.”

 Aristotle: “ as a rule a 
considerable area may be 
expected to be similarly 
affected, because 
neighboring places lie in a 
similar relation to the Sun, 
unless they have some 
local peculiarity. The 
prevailing wind  in Athens 
is from the north or 
south, and the Etesian 
wind, a persistent, 
northerly or northeasterly 
wind, occurs after the 
summer solstice. Aristotle 
attributed local-scale 
winds to the unequal 
distribution of Earth s 
moist and dry 
“ exhalations”  and 
variations in local 
topography.

From Miller et al. (2003): 
Theophratus De Ventis  was written 
about 300 B.C.E, 30 years after 
Meteorologica , and discusses the 
importance of the Sun in driving the 
wind and a distinct sea breeze from 
the south or southwest that 
occurred during the period of the 
Etesian wind.

Then not much until….
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Nocturnal northerly

Morning sea breeze onset



Mechanisms
1. The sea breeze is caused by the temperature 

difference between the hot land and cool sea surface


2. As the temperature difference increases (ΔT), a 
mesoscale pressure gradient develops


3. Tijm and van Delden (1999): Hydrostatic adjustment—
via sound waves generated over land when the air 
expands because of diabatic heating and then 
propagate at 300 ms-1 in all directions


4. Waves propagating horizontally induce pressure falls 
over land, and surface pressure increases over the 
sea. The resulting horizontal pressure gradient 
initiates the landward movement of the marine air 
mass
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Mechanisms— Bjerknes Circulation 
Theorem

34

From Miller et al. (2003)

But see later on!



Sea or lake breeze circulation: Daytime

Cool water

http://www.srh.noaa.gov/srh/jetstream/ocean/sb_circ.htm
Warm Land

500 m

35

21 July 2020 4:44 PM LT 
Riis Park Rockaway NY

http://www.srh.noaa.gov/srh/jetstream/ocean/sb_circ.htm


From Miller et al. 2003
1. Sea breeze circulation (SBC) is a vertically rotating

mesoscale  cell, with shoreward flow near Earth s surface, 
rising air currents inland, diffuse sinking currents several 
kilometers out to sea, and (usually) seaward return flow 
near 900 hPa .


2. Sea breeze gravity current  (SBG) is the landward

flow of cool, moist marine air in the lower horizontal

arm of the SBC.


3. Sea breeze front  (SBF) is the landward edge of the

SBG and the SBC, often associated with sharp changes in 
temperature, moisture, and wind. Its approach may be 
marked by the development of fair-weather cumulus 
clouds (Cu ) and convergence (friction or opposing 
synoptic scale winds) can produce thunderstorms.


4. Sea breeze head (SBH) is the raised head above

and immediately behind the SBF, created by updrafts

within both the continental and marine air masses. It is

about twice as high as the following “feeder” flow behind 
the SBF.


5. Kelvin-Helmholtz billows  (KHBs) are waves that

develop along the upper boundary of the SBG during

periods of low static stability (midday).


6. Convective internal boundary layer  (CIBL) is an

unstable region within the marine air mass, appearing at 
the coast and growing in depth with distance inland, in 
which low-level  pollutants may become trapped and

concentrated.
36



Or if you prefer Stull.….

37



Other Factors
• Complex terrain—inland topography—California marine layer


• Coastal morphology—shape of coastline (concave, convex, 
orientation—see below), bays, inlets, convergence can lead 
to favored thunderstorm development (e.g. Tampa Bay) 


• Marine characteristics—SST, currents, depth—determine 
intensity and persistence of SBC


• Overlying synoptic flow regime—development potential, 
intensity and persistence of SBC


• Simultaneous development of low-level jet—coastal 
topology, orientation (more to come on this).

38

Columbia Gorge

Florida sea breeze 
convergence—
thunderstorms



Focus—Northeast—NY Bight Region

And some Offshore Wind Applications

Mid-Atlantic, northeast coastal waters--areas that will see 
rapid development of offshore wind farms in the next few 
years (e.g. Cape Wind)


Data and modeling studies from offshore research project 
focused on the wind energy environment


Phenomena: enhanced sea breeze, low level jet (LLJ) - 
more like a sheet


Horizontal, vertical structure


Some cool season thoughts
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McCabe and Freedman (MWR 2023)



41



DOE NREL Project (2005 - 2006; Freedman 
and Bailey): Developing Techniques to 
Evaluate the Designs and  Operating 
Environments of Offshore Wind Turbines in 
the Mid Atlantic and Lower Great Lakes 
Regions. (Other sponsors: LIPA, NYSERDA)
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OSI Buoy…

disappeared after 2 months

Alas, poor Ambrose….
“Allision" of Bahamas‐Registered Tankship 
M/T Axel Spirit with Ambrose Light 
November 3, 2007 

43
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Birds!

plus sodar on an 
isolated tower in 
the middle of the 
ocean....

Perils of 
offshore 
measurements



Did get some good measurements and insights

DOE Report: Freedman et al. (2007)
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(40 Days)

Typically, in NY Bight, about 
25% days during warm 
season feature a sea 

breeze of varying 
magnitude/timing

Composite Surface Map (40 Sea Breeze Cases)
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Enhanced Thermal Circulation….
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ALSN6/44065

Composite of 16 sea breeze days

No wind!

From previous modeling 
study (AWS Truewind 2010)



6 PM Local Time
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 L
LJ Colle, B. A., D. R. Novak, 2010: The New York 

Bight Jet: Climatology and Dynamical 
Evolution. Mon. Wea. Rev., 138, 2385–2404.

Seroka et al. 2012: Sea Breeze, Coastal 
Upwelling Modeling to Support

Offshore Wind Energy Planning and 
Operations.
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More like a “sheet”: core of 
maximum winds ~ 15+ km 

(W-E) by 100 m (depth)

C
oa

st

NYC
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Load

Offshore WS

Offshore CF

Onshore CF



Heat Index (degrees F)
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HI = −42.379 + 2.049015T + 10.14333RH − 0.2247554TRH − 6.8378310−3T2 − 5.48171710−2RH2

+1.2287410−3T2RH + 8.528210−4TRH2 − 1.9910−6T2RH2

HI = Heat Index
T = Temperature

RH = Relative Humidity

Sea Breeze Intensity = V component of Wind

Heat Index Equation
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Sea breeze days

Sea breeze intensity: v component of 
wind at ALSN6/44065



Wantagh, NY Seabreeze (10 April 2017)
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Hub height wind speed increases from 4 - 17 ms-1 
in 20 minutes!



NY Bight 

McCabe and Freedman (MWR 2023)



Sea breeze and LLJ 
Climatology


(McCabe and 
Freedman 2023) 



Technology

57

USDOE EERE 2018 Offshore Wind 
Technologies Market Report 



Measurements
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XWhy not put a flux system on this?

Miller and Freedman DOE PNNL



Integrated Buoy-based Atmosphere 
Ocean Measurement System
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Deepwater Wind Block Island

Bird

• Homework due—handed back next week (the 13th)


• I’ll be available outside class for feedback (homework, 
other)


• Midterm March 6th


• Next Class: June Wang on the NYS Mesonet


• Next Module begins February 13th: Jie Zhang 
(Atmospheric Chemistry)



Dogs


