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1. Introduction

Central California is the location of various unique
| ow-1 evel circulations. There are several factors that
contribute to this uniqueness: 1) |arge body of water on the
w ndward coast (Pacific Ccean) with a | arge heat capacity,
2) conpl ex coastal topography, 3) large central valley and
4) extrenely high eastern valley topography (Sierra Nevada
Range). Data for this circulation study was collected from
28 January to 04 February 2002 and included gl obal and
regi onal nodel data as well as surface and vertica
at nospheric profiles fromthe Pt. Sur Research vessel. The
first several sections of this paper will cover an
interesting | ow|evel feature that devel oped early in the
study period. The final sections wll address diurnal
variations in the region followed by a concl usion.

2. Low | evel Feature Synoptic Analysis

The 28'" of January produced a very interesting vortex
just south of San Francisco Bay at 12Z. The feature can
best be described as an extrenely | ow|evel weak | ow that
brought m nor amounts of rain to the central coast. This
event was captured extrenely well by the etal and MVb
nodel s, which traditionally have problens forecasting |and
falling circulations particularly ones this shallow. The
circulation was Iimted to only a 2 mllibar (nb) depression
in the sea | evel surface pressure (SLP) and confined to the
| oner 250 nb of the atnosphere. The event occurred in the
cold air behind a strong cold front that passed through the
area the day before.



The 80 kmetal 300 nb trough was directly overhead with
t he convergent portion of the jet maximum (left entrance
regi on) over the devel opnent area. Convergence al oft tends
to inhibit upward devel opnment at the surface, therefore the
300 nb jet dynamics did not contribute to | owlevel positive
vorticity devel opnent. The etal 500nb trough | ooked equally
as harmess with little evidence of a significant short-wave
trough and normal val ues of absolute vorticity advection.
Conti nuing down to 700nb | evel the only significant feature
visible on the MW or etal nodels was slight ridging on the
w ndward side of the Sierra Nevada range. Finally at 850nb
the | ow pressure system could be detected by a small cold
trough at 12Z over the devel opnent area. The surface
synoptic picture for that period displayed the presence of a
strong East Pacific H gh pressure to the west, noderate | ow
pressure system (1006 nb) to the east of the Sierra Nevada's
and a weak | ow developing in the Pacific Northwest. The
East Pacific H gh contains a ridge of high pressure
extending into Southern California. The western portion of
the country on the 28" was bathed in an unusually cold Gulf
of Al aska air mass that was bringing unusually cold
tenperatures to Central California. Look to slides 3-7 for
graphi cal representation in attached Power Poi nt
presentati on.

3. Myjor factors contributing to Low formation

There were three ngjor factors which contributed to the
| ow pressure devel opnent: 1) Low | evel coastal shear set up
by topography and Synoptic situation, 2) weak 500 nb
positive vorticity and 3) Air-Sea tenperature difference.
Several small very |lowlevel cyclonic circul ati ons devel oped
all along the California coast this day and wll also be
di scussed briefly at the end of this section.

The synoptic situation from00Z to 18Z had a weak west -
northwesterly flow fromthe East Pacific H gh. Al but the
very | owest |evel air passed over the coastal range and into



the central valley. The flow was weak (|l ow kinetic energy)
and the air was fairly stable allowng the Sierra Range to
bl ock fl ow bel ow 700 nb.
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The wi nd conponent is extrenely low (5 to 10 knot w nds at
|l ow I evels). The stability, represented by N, is high in
the boundary | ayer due to night-tinme radiational cooling
causi ng increased tenperatures with hei ght bel ow 2000
nmeters. The Sierra Nevada range provided an extrenely high
barrier (h). The conbination of these factors led to a F,
| ess than 1. The Froude Nunber can be best described as the
ratio of KE to APE, therefore a ratio less than 1 indicates
fl ow bl ocki ng.

This flow all owed for mass to accunul ate in the
sout hern portions of the central valley increasing pressure
a fewmllibars. The northern portions of the valley were
under relatively |lower pressure which set up a pressure
gradient along the central valley. The |ow pressure system
on the east side of the Sierras had little to no effect on
the central valley flow which is shielded by the Sierra
range. Wnds were still weak and skies clear in the central
val l ey setting up maxi mnumradi ati onal cooling conditions.
The situation begins to favor | ow | evel shear near the coast
at 09Z (1 amlocal). Air flows north-northwest out of the
central valley due to the pressure gradient intensified by
cold air drainage flow ng out of the central valley through
coastal passes. Northwesterlies over the ocean allow for
| ow- | evel positive vorticity to develop along the Central
California coast. Vertical cross section of the atnosphere
using the 12 km MMb nodel (37.5 N 123 Wand 37.5 N 120 W
from 1000 nb to 500 nb confirnms strong positive vorticity in



the lower 250 nb at 12Z. By 15Z the vorticity has
di ssipated dramatically due to interaction of the coastal
t opography. See slides 9-11 on PowerPoi nt presentation.

Low | evel shear near the coast apparently was not
enough to develop a | ow pressure system since severa
shal l ow circul ati ons were present on the MVb nodel outputs
al ong the central coast. Exam ning 500 nb vorticity
anonal i es and vertical vorticity displayed a very weak
positive vorticity maxi mum whi ch was just enough energy to
intensify a low |l evel circulation. Stronger and equally
weak vorticity maxi muns were present throughout the domain
of interest. Wiy did the lowformon this local vorticity
maxi munf? The reason is the other vorticity maxi nuns where
not aligned with the | owlevel shear near the coast. See
slide 13 in PowerPoint presentation.

The final contributing factor to devel opnent of the | ow
were the presence of cold polar air over relatively warner
ocean water. The air over the water was already noderately
unstabl e due to the air-ocean tenperature difference and
noi sture gradient. Lowlevel vorticity further enhances
this air-sea tenperature difference by rearrangi ng the nass
field near the coast where maxi num cycl oni ¢ shear was
occurring. Typically in md-latitude weather systens the
wind adjusts to the mass field attenpting to reach
geostrophic balance. In this case the | ow | evel shear set
up a cyclonic circulation and the nmass field adjusted
causing a cold trough to develop in the |ower 150 nb. The
presence of a cold trough increased air-sea tenperature
difference and decreased stability. See slide 14 on
Power Poi nt presentati on.

The final topic on this section addresses the nmultiple
cyclonic circulations that devel oped along the coast on this
day, fromjust north of San Francisco Bay to Pt. Sur. Low
| evel shear near the coast certainly hel ped devel op these
vortexes but why did they occur predom nately south of San
Franci sco Bay and Monterey Bay? It was due to |arge valleys



linked to the Central Valley. San Francisco is linked to
the Santa O ara and Sacranmento R ver valleys that provide
nearly uni npeded flow fromthe San Juaquin Valley. Monterey
Bay with its half npbon shape surrounded by the Santa Cruz
and coastal nountains already provides a good basin for | ow
| evel circulations. The Salinas valley also links the
central valley flow that further enhances these

circul ations.

4. Diurnal Grculations on the Central Coast

When diurnal circulation is nentioned concerning the
California coast those nost famliar wwth the area think
summer sea breeze immedi ately. Naturally that should be the
first thought since strong inland thernmal conditions and
col d upwel | ed coastal waters produce trenendous sea breeze
circulations. During this circulation study period Central
California actually experienced a fairly strong | and breeze
event. These events where stronger sonme days nore than
ot hers but usually present everyday at |east to 0900 | ocal
time before flowreturned to the general synoptic flow. Wy
did a significant | and breeze regine set up during this
time? The 27" of January brought with it cold GQulf of
Al aska air as well as weak synoptic forcing. This
established strong radi ational cooling conditions over |and.
The coastal waters are generally warnmer this tine of year
due to lack of coastal upwelling. The conbination of these
factors set up thermal gradients along the coast.

5. Results fromData Col |l ection

The purpose of this section is to exam ne the extent
and vertical influence of the |and breeze circul ati on over
the ocean as well as sonme estimates to the circul ation
strength. This is where data fromthe Pt. Sur paid
di vidends. Sone data analyzed was fromthe MVvb 12 km and
WOCSS 1 km nodel s but mainly to point out the weaknesses of
these nodels in diurnal prediction. Primary case study



concentration will be the evening of the 1% and norning of
2" February (00Z 02 to 18Z 02 Feb.). The 2™ of February was
chosen due to timng of raw nsonde |aunches and surface data
quality.

Begi nning at 00Z 02 Feb (4pmlocal), the tenperatures
over the water were in the lowto md 50's (close to sea
surface tenperature) and the tenperatures over |and where in
the md 50's. Wnds were 15 to 20 knots in the Bay fromthe
west - nort hwest consistent with the back ground synoptic
flow. Inland winds were 5 to 10 knots fromthe sane
direction. These observations nmake sense because there was
no thermal gradient between the ocean and | and, therefore
the only forcing is the background synoptic flow.

Advancing to 03Z (7pmlocal), the sun has been set for
a couple of hours and the land is beginning to cool. |Inland
tenperatures have dropped to the md 40’s while tenperatures
on the Bay remain in the low 50's. Wnd direction over the
wat er remai ned out of the north-northwest at 10 knots while
over land winds are light and vari abl e.

bservations at 06Z (10pm |l ocal) have already indicated
a reverse in wnd direction for |and station toward the Bay.
Tenperatures over | and have decrease to the |ower 40's while
Bay tenperatures remai n unchanged. Wnds over the water
remai n unchanged as well, but winds in Salinas are calm

The 09Z (l1am | ocal) observations indicate tenperatures
over | and have dropped into the upper 30's while NOAA buoy
42 still maintained 50° F 55 km offshore. Wnds at the
outer buoy were still at 10 knots but direction was now out
of the north. Wnds over |and are unchanged.

The time is now 4am (12Z) and coastal |and tenperature
have dropped to the lowto md 30°s with winds offshore at 5
knots. NOAA buoy 42 wi nds have dropped to 5 knots still out
of the north. Wnds on the Pt. Sur were also offshore at 5
knots but what was interesting was that tenperatures onboard



have dropped to 40° F indicating that cold air advected off
| and had nade it out over the water to approximately 14 km

The 15Z observations indicate offshore winds at NOAA
buoy 42 have turned to offshore flow at 10 knots. This
shoul d be an indication of the extent of the |and breeze
circulation, approximately 55 km offshore. The tenperature
at the far buoy was not influenced nuch (only a drop from 52
to 48 degrees F).

Conditions at 18Z (10 am |l ocal) showed inland
tenperatures in the md to upper 40°s. Wnds at Salinas
were still offshore at 10 knots. The NOAA buoy 42 stil
reports 50° F and wi nds out of the northeast at 10 knots
i ndicating a weakening in the offshore flow infl uence.

The 21Z (1 am) observation indicates that flow was
conpletely onshore again for the over water observations.
Wnds were calmin Salinas and onshore at 10 knots in
Monterey. Inland tenperatures had risen to the md 50's,
whi ch indicates the thermal gradient between | and and sea
has di sappeared. See slide series 20-28

The observations over land reported a 1.8 nb increase
on average for SLP over night. These results nake sense, as
the land starts to cool cold air begins to pool toward the
val | eys (where nost observations are | ocated) which
i ncreased SLP as the air becones nore dense. The
observations at the outer buoy indicate 1.1 nb decrease in
SLP overnight. These observations al so nake sense, nass
fromthe md-levels was transported to the | ow | evels over
| and and mass in the surrounding md-levels noved in to
replace it. Since water has a high heat capacity, surface
tenperatures are relatively higher over the water which
means | ow and m d-1evel thickness is higher (hypsonetric
approximation). Air fromthe md-|evels over the ocean nove
in to replace mass renoved fromthe md-Ilevels over |and
setting up a land breeze circulation with a relative high
over land and relative | ow over water. The Pt. Sur 10 neter



observations show this drop in surface pressure over the
water on 02 Feb (See below SLP from 07Z to 15Z (1lpmto 7am

| ocal ).
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The results from other days are harder to interpret.
The 02 Feb case study was not chosen because of its easily
identifiable characteristics but because it had the best
data coverage. Data fromthe first | eg was not usable for
di urnal variations because the Pt. Sur was to far offshore.
Data from 04 Feb was fairly straight forward since the
vessel was close to land or inport and produced results
consistent with coastal observation sites (|lower pressure
during day due to heating and higher at night due to
cooling). The results fromFeb. 1% and 3 were difficult to
exam ne due |likely to vessel spatial change.

The 1° leg results should be free of large variations
in tenperature and wind due to the vessels distance from
| and and | ooking at the plots belowits easy to see that is
true (Plots are from 29" and 30" of January).
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The results fromthe second |l eg, which were only 10 to
14 km of fshore, displayed nuch | arger tenperature and w nd
variations. The interesting part was that data fromthe
second | eg each day displayed a diurnal signhature in
tenperature and wi nd suggesting that the Pt. Sur
environmental conditions were under the influence of a | and
breeze everyday. Everyday of the results displays w nds
onshore from approximately 21Z to 03Z and w nds of fshore
during the remai nder of the day.

The tenperature plots al so changed in phase with the
wi nd shifts. Sharp tenperature decrease occurs at 03Z at
which time wind shift to offshore. The afternoon
tenperatures stop increasing at 21Z when wind shifts back to
onshore. These results seemreasonabl e since offshore flow
was associated with cold air com ng off |and, hence sharp
tenperature drop at 03Z. The afternoon tenperature
signature is harder to explain. The thermal gradient
di sappeared at 18Z but winds did not fully shift until 21Z.
It’s likely that nonmentum spin down of the offshore | and
breeze fueled the offshore flow until early afternoon when
friction dissipated the offshore nomentum See plots bel ow
for diurnal cycles in tenperature and wi nd, for Feb 1-4.
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Rawi nsonde data fromthe 2™ al so displayed sone
interesting data. The 04Z (8pm |l ocal 01 Feb.) radi osonde
showed | ow | evel cold air advecting into the vicinity of Pt.
Sur but the flow was extrenely shallow The inversion only
extended up to 100 nmeters with of fshore w nds bel ow
representing cold air advection off |and and onshore w nds
above represented the synoptic background (See radi osonde
pl ot bel ow).
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Anot her vertical sounding was avail able at 1530Z
(7:30am local) that should represent the maximumin the | and
breeze phase of the diurnal cycle. The results showed a
deepeni ng and strengthening in the inversion. The |owlevel
cold air is now extended all the way up to 210 neters with a
10 or 20 neters shallow | ayer near the surface slightly
nodi fied by ocean heat flux. The col dest tenperatures where
recorded at about 25 neters at 4° C. The winds are offshore
all the way up to 1800 neters, backing slightly to the north
as you ascend. Above 1800 neters the dew points drop
dramatically and the tenperature increases indicating
subsi dence fromthe East Pacific H gh (See plot below of the
1530Z soundi ng) .
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The final radi osonde of the day was | aunched at 1825Z
(10: 25am | ocal ) and produced the expected well m xed | ower
at nosphere. A steady |apse rate exist fromthe surface to
1800 neters where the subsidence inversion begins. No
i ndication of cold air being advected in the offshore flow
even though flowis still offshore. It was |late enough in
the norning that solar insolation on | and has warned inl and



tenperatures. Inland and Monterey Bay tenperatures begin to
equal i ze destroying the | and breeze, but w nds were

still offshore against the weak synoptic flow. This

of fshore flow present at 1025 local tinme was |ikely due to
nmonment um spin down of the circulation (See plot bel ow for
18257 vertical sonding).
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6. Concl usi ons

The OC3570 class cruise occurred during calmconditions
under high pressure, but there still managed to be
interesting weather. This says a |ot about the conplexity
and variability in Central California weather. Al nost any
day can be studied and sonet hi ng new can be | earned. The
first few sections addressed the devel opnent of an unusual
| ow- | evel | ow pressure vortex which was captured extrenely
wel | by the atnospheric nodels. This was due in part to the
maj or forcing being synoptically driven and the ability of
nmesoscal e nodel s to capture Sierra Nevada range topography
accurately. This case showed the great potential for |ow
| evel shearing at or near the Central Coast. The only
guestion mark for this case is the role coastal topography
pl ayed in generating the circulations. The MVb nodel at 12



kmstill m sses noderately sized valleys that have shown to
be significant, particularly in the Monterey Bay
circul ations.

Di urnal variations, on the other hand, are not
represented in the nodesl well. The thernodynam cs seemto
be fairly accurate, evident by |ow error between surface
observations and nodel tenperatures. Land/ Sea breeze
circul ati ons can be approxi mated by the equation bel ow.

Sea/ Land Breeze Equati on

U, =k g e, Z (Perturbation | and breeze w nd
speed)

B, (k? + Q)
k - Drag Coefficient
g - Gavitation Constant
AB_, - Maxi mum delta Potential Tenperature across coast
Z - Vertical extent of circulation (usually 700nmb or 3000m
8, - Mean Potential Tenperature of circulation |ayer
Q - Earth's angular rotation rate (radi ans/sec)

The reason nodels do not handle these circulations well are
nodel topography does not resolve narrow vall eys and peaks.
The reason topography is so vitally inportant is the flow of
cold air off higher elevations collects in the valley until
deep enough to flow over the Iowest sill (lowest elevation).

The AB_, termis underestimted by the nodel due to the weak

thermal gradient represented near the valley outflow at the
coast. The nodel treats the coastal range as fairly
continuous with no relief at the Salinas valley which is a
maj or outflow for cold air at night in the Monterey Bay

area. The AB_, can be as high as 10° K in these areas as
opposed to 5° K according to the nesoscal e nodels. This

difference in AB_, can result in wind difference in the 2 to
5 ms range. This is where data fromthe Pt. Sur paid off
since this platformcoul d observe actual w nds and
tenperatures in the data sparse Monterey Bay. Wat is
interesting about Monterey Bay is its half noon shape with



significant coastal topography traps outflowing cold air
fromthe Santa Cara and Salinas valleys creating a fairly
significant |ocalized | and breeze in these two areas.
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