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Abstract—Studies are underway that are evaluating the 
offshore wind resource along the coast of New Jersey in an effort 
to determine the variability of the wind resource. One major 
source of variability is the sea-land breeze circulation that occurs 
during periods of peak energy demand. The sea breeze front, 
driven by the thermal difference between the warm land and 
relatively cooler ocean during hot summer afternoons, 
propagates inland and under weak atmospheric boundary layer 
wind conditions can affect much of the state. However, little is 
known about the offshore component of the sea breeze 
circulation. A large zone of subsidence over the coastal ocean, 
and subsequent divergence near the surface, is known to occur in 
unison with the inland-propagating sea breeze front. RU-
COOL’s unique monitoring and modeling endeavors are focused 
on exploring the details of these offshore dynamics of the sea 
breeze circulation and its development during both coastal 
upwelling and non-upwelling events.  

A case study from the August 13, 2012 is analyzed in this 
paper; coastal upwelling resulted from persistent south to 
southeasterly winds for days. In addition, a sea breeze front 
formed in the afternoon, propagating inland and producing a 
zone of weak winds offshore that coincides with the targeted area 
of offshore wind development. Model results, using unique 
declouded satellite sea surface temperature data, are validated 
inshore against weather radar and offshore against coastal ocean 
radar (CODAR). Small-scale offshore wind variability is resolved 
and verified in the model, which will be critical for producing 
accurate and reliable offshore wind resource assessments and 
precise operational forecasts for the future. 

Index Terms—Offshore wind, atmospheric modeling, sea 
breeze, upwelling, HF radar, weather radar, satellite SST, WRF, 
air-sea interaction, coastal processes 

INTRODUCTION 
Offshore wind energy has the potential for alleviating high 

energy supply and demand issues associated with the USA’s 
heavily populated East Coast. A primary concern with offshore 

wind energy development along these highly populated centers 
is the high cost of implementing the construction and operation 
of wind turbines in an offshore environment.  Although 
construction and subsequent power production costs will 
remain high in the near-term, a possible solution for providing 
significant cost reductions relevant to offshore wind energy 
development can be realized with accurate wind resource 
assessments and representative wind forecasts. The use of high-
resolution numerical weather prediction (NWP) is a cost-
effective means in which to study the wind resource prior to 
construction and provide precise operational forecasts that will 
enhance operational decisions related to the energy market and 
integration of wind power into the energy grid system. 

Studies are underway that are evaluating the offshore wind 
resource along the coast of New Jersey in an effort to 
determine the variability of the wind resource. Once this 
variability is determined, the “risks” associated with offshore 
wind development, operations, and power supply into the 
affected energy grid will be minimized. Rutgers Institute of 
Marine and Coastal Sciences (IMCS) is integrating validated 
remote sensing technology and site-specific in-situ data into 
numerical modeling routines. The incorporation of this 
innovative monitoring data should significantly reduce the 
random error and systematic biases inherent in the resource 
assessment and NWP analyses. 

It is well known that the offshore wind resource is 
influenced by synoptic weather patterns. Less is known about 
the effects of mesoscale and local influences of the sea breeze 
circulation. The sea breeze that forms along the New Jersey 
coast is one of the primary microclimate circulations that affect 
the offshore environment. The sea breeze front, driven by the 
thermal difference between the warm land and relatively cooler 
ocean during hot summer afternoons, propagates inland and 
under weak atmospheric boundary layer wind conditions can 
affect much of the state. Doppler weather radar, visible/infrared 
(IR) satellite imagery, and coastal ocean radar (CODAR) have 
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