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Lake/Sea Breeze Science

Fundamental to the problem of understanding how Lake Michigan influences the weather in|
Wisconsin's coastal communities is conceptualizing the dynamical and physical processes behind the|
sea breeze, a feature most notable during daylight in the summer months. It is important to realize that|
the sea breeze is a mesoscale meteorological feature, and as such, larger synoptic features may, and
likely will, alter the land-sea interaction, particularly in the presence of strong advective winds and

frontal passages.

The figures from Tripoli (2008) require the weather pattern to be initially uniform

between land and sea, as well as settled for the genesis period of the sea breeze.

When the sun rises, both the land and the sea are heated
however, does not absorb the incoming solar radiation as well as the

at the same rate. The ground,
sea water. The land emits strong

radiation and warms the air directly above it. When air is heated, it decreases in density, making it|
lighter than the air above it. This causes the air to rise and the pressure near the land surface to fall in
the creation of a very slight thermal low. Approximately 1000 meters above this low, the rising air cools|

and creates an equally weak area of high pressure above.

In an attempt to remedy the difference in pressure in and above the planetary boundary layer|

(PBL), there is the initiation of an offshore flow aloft coupled with a

n onshore flow near the surface.

This onshore flow produces a convergence boundary known as a sea breeze. The air behind the sea
breeze boundary is typically cooler and drier than the air prior to its passage. If the gradient between
the two air masses is sufficiently large, thunderstorms are a possibility.
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During the afternoon and evening hours of 26 May 2008, a strong convergence
boundary descended south out of Lake Superior and accelerated down the western
coast of Lake Michigan. There was no precipitation associated with this boundary,
but the temperature and wind shift was significant, with coastal temperature declines
of 20 degrees Fahrenheit and larger within an hour period. Reporting stations well
inland did not experience significant temperature falls, though winds statewide
become increasingly northeasterly during the late afternoon and evening. The
National Weather Service in Milwaukee, Wisconsin, described this boundary as a
pneumonia front. The boundary was first recognized on base reflectivity data from the
Marquette, Michigan, (KMQT) Weather Surveillance Radar (WSR) as a hybrid of
convective outflow and a lake breeze. Milwaukee, Wisconsin, had partly cloudy skies
during most of the day with temperatures similar to Green Bay in the upper 70s and
lower 80s. Winds prevailed out of the southwest. At 1852 LST (0052 UTC), the
temperature at KMKE was 78 degrees. At 1926 LST (0126 UTC), clouds had
increased and the temperature had decreased to 55 degrees per NCDC reports. The
Milwaukee observer reported a squall as winds changed from Southwest at 8 mph
prior to the temperature drop to North at 29 mph gusting to 43 mph after. Winds
remained strong with gusts in excess of 30 mph for the balance of the evening.

The WRF was employed in an attempt to accurately model the 26 May 2008 case.
The model was run using the Advanced Research WRF (ARW) version 2.2.0 core to
24 hours from initialization on an 800 km by 800 km localized domain centered on
Oconto, Wisconsin, with grid spacing of four kilometers. The domain covered most of
the states of Wisconsin and Michigan, as well as Lake Michigan, Lake Huron, and
southern Lake Superior. The WRF model with the ARW core is user-configurable and
optimized for parallel computing environments. A similar WRF model was established
in LaCasse (2008) to study the impact of MODIS SST data on the nocturnal Floridian
marine boundary layer. LaCasse's WRF configuration was modified only slightly in
the localized model runs configured over the western Great Lakes. The model used
the Lin microphysics scheme, Dudhia shortware radiation scheme, Rapid Radiative
Transfer Model (RRTM) longwave radiation scheme, Monin-Obukhov surface-layer
scheme, Noah land-surface model, and the Yonsei University boundary-layer
scheme. Cumulus and grid-scale convection was parameterized with the Kain-Fritsch
scheme under vertical velocity damping and mixing terms evaluated in physical
space. There were no vertical or horizontal diffusion constants. The model initialized
with data from the 40-kilometer North American Mesoscale (NAM) model. The model
accurately resolved and lake breeze boundary south of Lake Superior over the Upper
Peninsula of Michigan and evolved a convergence boundary sweeping down the
western shore of Lake Michigan at a speed observed with radar.

Consecutive MODIS sea surface temperature images over the Great Lakes
showed warming of southern Lake Michigan to reach one degree Fahrenheit per hour
during the day at the height of the summer, under full sun and light winds. Significant
diurnal changes in sea surface temperature were not found during the winter and
early spring months, likely due to the low sun angle.
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