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: CRAPTER X
IBTRODUCTION

Suzxertize weather forecasting {m tae Sacrazento
Vallay i{s usually a fairly routinme proscacdure. MNorwmally, thc
sky is clear, the towperature high, and the huesidity low.
However, the penetratfion, frcm the San Francisco Bay rogiom,
of cool, woist warine air into the Sacracento Valley area
is an exceptiocn to the norsal weathexr, Such intrusicans can
csuse the maxfoum tewperature to fall 25°F or wmore and the
relative humidity to f{ncrease by 30 per cent inm 24 hours,

In addition, the intruanion is accompanied by strong, gusty
winds in {ts fnftial stazes.

Cn¢ important tveason for beinyz concerned with
parine fotrusion {s that 1t has an effect on forest and gracs
fires. Shoo high daytice temperature and low relativa
humidity persists for any great lenzth of time, the danjer
of {{re in the Valley and surrounding foothills becowmas
extrene. The low tempezature and high humidity of sarine
air alleviate the fire danger., However, if an intrusion of
marine air occurs after a fire has started, bigh winds
during the early stages of the intrusion fan the flames and
can drive the fire out of control. Tue uizh winds gencrally

subside after the {n{tial intrusion and then the marine air
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is an asset to fire control. The neteorolcogical conditions
aosocisted with the onset, porsistence, or adsence of
marioe air in the Valley are, therefore, of paramcunt
iuportance to those concernod with fire control,

Sports activities at Folson Lake are also affected
by the warina intrusica., Strong winds during the incursion
of theo warine air wake aviuzing and dboating hazardous.
Suitable warnings to the public could be wade {£f euch
intrusicns could be accurately foracasted,

Many other agencies in the Sacrasento area ara
affeéted by the hizh winds usually associasted vtth‘tbc'
facursion of marine air, GCenerally, wiad speeds in cxcess
of 20 milcs per hour are cousidered significant eanouzh to
varcant takiog protestive measures. Coumarcial and publie
organizations such as Asrojet General, Douglas Alrcraft,
and the Port of Sacremento, need to know in advange vhen
they should implement protective wmeasures agsinst such
winds., It has not, howaver, been possidle to objectivcly
foxecast the occurrence of & marine intrusioca. The purpose
of this study is to provide a means for waking such fore-
casts.

Several studies have boen conducted om the nature
of marine pesetrations {nto coaxtal valleys, These include
iovestigaticos by lLowry (1959), Fosbergz and Shroedexr (1966),




and schaltz (1961) dealing with desaripticns of the

pheaosenon aad {ts effects upon ajriculture and forestyy,
In addition, several atteupts have been made to forocast
waxiuunm tezparatures io sacramento: Harwan (1960) and
Sinclatr (1961) both dealt with this problem; howaver,
thelisr forecast cystems doalt only partially with the warcineg
penctration factor., No one, to the investigator'as xncwe
ledze, has couducted a dotaliled oxanination of the physical
aspoects of the warine penatration into the Sacraxento arca
éad coupled 1t with a forecast system.

The ovarall goals of this study are (1) to descrile
the physical characteristics of the warine iatrusion, (2)
to ostablish a sicple wodel dasoribing icts operation, &und
(3) to davelop (a) a schiemo for forecasting marine fatxue
sions aasd (b) an.objective techaique for predictiag the

saxicun teumperature &t Saaramento.




CIAPTER 1T

DATA COLLECTIOR AND SFEA BREBZE THETORY

S!b; ”I!ﬂ“ﬁﬂi! ’)‘ atg

The sunuer of 1966 was the tize of wost active data
collaction. Most of the physical description was gleanad
frcm these Jdata. Data from 1965 and 1966 wore used to
davolop the forocast techniques, while randon salections
from the suamers of 1953 and 1964 wers used as independont
data to ghsck the techniques.

Siuce ths major aim of this study was to develo)
{orecast techniques to be used on & routine basis, ooly
currently availabdble woather obsorvations were used., No
special instrumentaticn was used, with coe exception, A
1,500=fcot television trancmissicn tower located at “walmut
Crove, Califoznia, lies along the path that warioe alr
Kuat (ollow to reach Sacramento. Wind speeds, seasured
vita cup ancuomsters located at the &50= and 1,580<fo0t
levaols of the tower, wcre received at 0310 and 1530 hours
POT daily. Unfoxtunately, wiad directions wore not availe
able,

With the exception of that obtained from tha tela«
visicn tower, all other data for this study caze from

standard Veather Bureau sources. Obaservational data
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included temperature, pressure, wind gpeed and direction,
daw point, cloud cover, and upper air data from toth pilot
talloon (PIBAL) and radicosonde obsarvatfions (RAOB) taken
at Qakland, California (RAOCB and PIDAL); Red Bluff and
Freeno, Californfa (PIBAL only); and Reno, Nevada (PIRAL
only).

Fi{rat order and supplementary airways stations of
the United Statos Weather Burcauw were used for standard
weteorological data, vhile cooperating observer stalions
were used for waximum temperature readings. The networs

of stations used is shwwa in Figure 1.

Goneral Diecussion of the fra Breeze

The sea braese circulation occurs along many coasts
of tho world. Becauvse of the diffexrent heating charectcer=
foties of land and water, air over the land becomes ruci
warzer during the day than cthat over a water surface,
Upward movement of the cverland air due to buoyaat forcus
upon Lt produces & pressure gradieat aloft directed fream
land to sea vesulting in upper-level segward covexcot of
the air. According to Riehl (1954), {n rosponse to this
cass divergence of air in the upper levels, low-levecl
preasures begin to fall estadblishinz a lowe-level pressure
graclent from sea to land. Cooler, mors dense, sarine air

responds to this gradient by moviangz oushore, and the sea
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brcoze.circulation is cstablished,

according to Wallington (1961), the Jdistance inland
to waica the sea breezo is able to penetrate is dependent
upcn a auaber of {actors. First, the strength of the
solar radiationa: iucreasad insclaticn tends to ingcroase
tho land-sca teoperature pradient. Saecond, the diracticn
and strangth of aay superiwpossd gomeral wind {low: large
scale winda io the sans diracticn as the sea breeze will
tend to relnforce tha ces brecze flow. Taird, the Jdepth
of the warinme layer: a Jdeeper layor is capable of greater
ialaad penatration in unsodified fora than a shallow cone.
Fourtn, the sca tewmperature: ¢ooler water oifshore {facrea-
sés the land-zea touperature gradlent,

hs the land-sea teuporature contrast {ncreasos, tue
prassure gradient boiween land and sea increases, and the
gca breeze accelerates. According to Haurwitz (1347) aand
Scuaidt (1947), with no retarding {orcos, tho sca brecze
will continue to accslerate for as long a6 a land-gea
tcaporature gradient exists. This will yileld a maxinum
sza breezo spoed well after the waximuz tompersature Jdiffere
coce between lénd and sea occurs. However, because &
cortain minimun tecperature diflerence 18 regquired to
overcowe the effect of friction, the sea bireezo usually

acttajins its saxisum speed at, or shortly after, the waxisun




teuporatura diffnrence is observed,

Another Lafluence is the Coriolis acceleration,
which, over a period of time, deflects the sed hLireeza (roa
a direction perpendicular to tha coast to cne which Ls
more parallel to the coast, The soa brecze 13, in a sense,
solf~regulatory. As the soa breezo becones stronjer, more
mazrine air {s adveoted {nland., This reduces the difference
in taaporature and Jensity botween the land and sea air,

As the contrast is raduced, so is the pressure gradient,
and the sea breezo gralually begins to lose stresgth,

eventually dying cut altozether.




) CHATIER YIX

CENZRAL CLIMATOLOGY AND TOPGSRARHY

Igrocrashigal Influences of the Arxesg

Tho onshore pressure gradient produced by difler-
ential landesca heating causos a s0a breeze to occur a&lioaj
practically the entire Californmia coast. Hcowever, excent
for ¢corrain low-lying gaps in the mountailas whore waricce
alr can flow tnland, the Ccastal Mountaings effectiveoly
block marine peactraticrs into the Central Valley (Figuvcs
1 aad 2).1 The principal geps foclude:
- 1. Vetdluua cgg = Nortuwest of San Francilico.
levations less than 500 feet,

2. fan Bruno Gap « Just south of San Fraacisco.
Elevationg about 200 feet,

3. Colden Gate = Sca level passage into San
Fraaclisco Day.

4, Carquinez Strait - Northeast of San Franclsco

coanecting Sea Padblo Bay to Suisun Bay, Provides eea level
passage ioto Central Valley.

The city of Sagramento L8 located in the morthern
half of the broad Central Valley of Californta., The

Coastal Mountain Range, with averaze elevations of 2,500

1Tho ounberad poi{nts connacted Ly linas {n Fizure 1,
peve 6 show the path followed im constructing the cross
cecticn shvwm in Figure 2. The nuabers along the base of
tha crons scction io Figure 2 corraspond to the numbered
points in Figure 1,
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feot, lies 40 wiles to tua wast ol Sacramento, while ths
sisuiyou Hountains lie 160 wiles to the north and the
Sierra hovada Mountaions ere JU mlles to the edst, oouthe
ward, the Valley cxteads, uninterrupted, for 28V wiles
ending ageinet the Tewachapl iountalns, 7The Valley {looz
io essontially ilat, with elevaticus seldom above 20U festC,

0if the coaat, the ocean bottum drops rapldly. 1he
Calilorania Cuxzent, driven by the steady worthwesterly flow
around the eastern edgs of the Pacifile hign, flowa southvard
aloa3z the Califoruiae coast. Coriolis effects acting on tae
currant iwpart 4 genmeral ofishore wovewent to the suxface
vater inducing & proanocunced upwelling of deecp, sola water
0il the coast. The upwelling produces a dbaund of cold water
approxisatoly 80 uiles wide off San Frangisco (Willlaus,
1968)« Suriace water temperatuxes during July are caly
ebout 54°7,

The priwary source of warine alr {s the Pagiiic
Ocean, Karclve air entoring the San Francisco Bay orx
Contral Valley wust, in general, pass, through the Goldan
Gate or over the northoro end of the San francisco Penin=
sula and tura northeastward to reach the Carquicex “trait,
“ho Petaluza Gap appears to be less favorable {o¥ marine
intrusicns aad comtributes very little to marine air in

gither tho Jan Francisco Bay or Central Valley,
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As the marloe alr moves inland, {t {o modifled by
tio suriace over walch {t passes, the modification depende
ing, o larje pact, on the temperatura of tha uanderlying
surface, 7Tno Jan Vrancisco=lan Pablo Bays, howover, play
aa {oportant role ia preventing eatensive wodllfcatlion of
to marfoe alr as {t noves inland, Tho tewperature of the
waters of these two Rays is couler than the surrounding
land aroa durinyg tha suaxer. Lec¢e, air passing over tham
will not bo modif{iod to any ;roat oxtent.

williazs (1965) states that tho Bays thcmselves are
kept cool by tue tidal exchange of water with tae ?aéi:ic
Cceda through the Colden Gate.,  imilarly, the temperature
of lulgua Bay watar is kept low throuzh exchange with
waters of the San Fraacisco and San Pablo Bays, via the
Carquineg Strait. Tidal currcats through these rastricted
chasaels can reach six knots or m=ora.

Tidal flushing {s loss effective in keopiny water
tamperatuzres low {n the larze areea of ghallow water (less
thaa 10 feet) than in the deepar areas of the Days. Tvon
{a thcoe axeas, bowever, the tomperature of the water does

not exceed oceanic wvater by more than 15°F. Thus, oceanic

air woving over the Bays appears to be only slizhtly wodified

beforc 1t reaches the lond,
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Clir3ce and Lazzs foale Inflyengeg of £ha Azes

In the suzmer woaths, ths alr tesporature increases
fro= the 3ay arca, througzh the Carquinex Strait, and northe
wvard up the Valley to the Sisikiyou Mountains. Tae sanie
permanent Paciliic high pressure coll reaches Ltg waxiizua
davelopuent at this time and Jominates tha erea (Fljyurce 3).
Cyclones rarely recach the Callfornla coast, ‘etcovolojical
conuitions existing along the coast are charactarizod by
northwest winda, sudbsidence, aand scant pracipitation (Bycrs,
1931).

Cenorilly, @ "heat trough" can be found extending
up tha Contral Vallay froa the Sonmorsn-tojave Dosaert
(Fiyure 3). The jzoneral preasure gradient is, thercfore,
cnshord. N temperature inversion, associdted with gude
sitdcace ln the Pacific higzh, 1s usually locatel over tuc
arcd., Coolip; of the watine air at {ts dbase by coatact
with the cold water offshore and subsidenca-induced w.rming
aloft ccubina to strengthen the invereion.

Air approachinz the Califurnia coast will be cocl
and mofsture laden duc to its long overwater trajecstory.
As [t flcws acrouss the cold band of water offghore, it {s
further cocled, accentuating the texperature contrast
tetween land and water, The cooliug 18 often suflicicent
to cause scsa of the moisture to condense producing the

high {ocidence of fog and stratus aloog the California
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Figure 3.
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Suzrertizs pressure patterns of the
vost coast (Williams 1966),




ccast im the suczor (ratton, 1956).

Uzplaentel Proseuro Bistpibution and Flew Fattrrng

1he normal pressure distribution for July (Fizure 3)

saowd the Pacific high pressure acll locaced well off the
coast ana a thowmal trouzh located imland over tha Ceuiral
Valley (Neidurger, 1961). Righer pressurcs are found to t
porth, east, and west. Thess pressures are, ia genersi, i
equilibrivo; however, carine air over the Bay, baing collce
aad heavier, responds to this low pressure by {lowing iaco
the Valley.

The onshore pressure sradient and chaansling oo .
of the cocstal wountalos produces tho norwal flow patici...
to be found within the oarine layer of air (Figure 4).
porihwest winds fouad aleony the ocast becoms more wooias.)
&3 they are drawn into tho intarior threcuzh the Soldea Cale
&ad over the S5an francisco Peninsula. Thec chasneling
{a{lucoce of the Solden Cate produces a jet that moves
eastward but tonds to fan out &s it moves dovmstrean. AMr
pcels off from this widening fen and turns southward into
the Santa Clara Valley and northward f{oto Son Padblo 3ay
cad oo into the Petaluma Valley. 7he northward flowiog

current braaclies eastward cver San Pabdblo Bay and flowc

through tho Carquinez Stralt into the Central Valley. The
Strait also channels the flow into & jet which fans out,

turaing sorthward and soutaward in the Sacrazanto Valley.
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Ag & regult, tho winde obecaved at Casrarento in suzmor
ava usually ircw the southwest,

The sea breeze aloag the coast be;las late in the
woroing or earsly aftornocm. At first, even low lylng
gdatructions uay act to block the sca brasse 3o that oaly
tae Golden Cate serves as a passaje {nland for Lt. /4o the
day prosresgses, the goa brecze layer decpeas (sce Ndinger
1957, Rauper 1907, and Willizas 1968), duo to turbulent
aixiag induced by surflace heating and wind mixing l{adacod
Ly the lacceasing spocd of the sca broeze flow, and bLeging
to Ilow ovar tae low lylaj hills of the San Francisco reai.~
sulds  The bBrecze may davalop from the Bay also and bejgin
v Live castwazd, Tue two {lows, oceanic 3and bay, even=
tually werss and flow throuph the Carquincz Sivalt asrivin
in Sacvazeato late in the afterwcoa ox early in the cvenlic,,
45 @ strcasthoning of the southwesterly winds.z The Jepth
«ad intensity of the marine layer deterwmings, im larcge
part, vheihor tha brecza will reuch Jacrasento and how
iotcase 1t will be., The warine layer depth, in tuim, is
ccatrollal by the heigiit of the subsidenca laversicon
assosiated with tha Facific high., Whenm the high {3 dis-
placed cansbore, the subsidence effect {3 greatest and the

inversica veaches {ts waxisua {ntensity, ot this tiwe, the

ZAt tizmes, tha ses breese uay dovelop colely frem ti..
Bay and there wifl be no combination of oceanis and bay flc.c.




warlne layer is very shallow (lndeced it way be entirely
eliczivated)e If 4t 43 present, Lt will be quickly molificd
as 1t coves ousihore gver the wvarmer lands The influenca of
the fea bicoce will be folt for ouly & chiort distaence
nlaade 10 alditicn, the shallow nature of tue waslua
layes preveats it Irom {lewiny over the hilpher elevaticvos
of the coaotal hills which extend north &ad soutu of the
Corquinez siralt,

Occasicnally, the Pacific bi h may be dlsplaced far
ciighore and, uvador the infiucace ol decrcasing subaldence,
the marine layer will reach depths suSflelent for it to
nove i{nland with very little modification. The coastal
hills provide very little blocking effect under these con~
Jditions, and the marine alr way eoxtead deep into the Contral

VGllCYo

Bezizontal Temmaratuxe Disteibution

Suring tho sumzer, the tewperature diiference
between occan water and land curtncoovnay becone as maoh
as 35°F or mora in the aftermocn. & chart of pean waxicum
teuporaturea for the month of July (Figure 5) shows the
strong afteraoen texporaturs gradients which develop along
tac edzes of the various water surfaces and the tonzucs of
cool air that extond across the San Francisco Peningula,

southward into the Saata Clars Valley, ncrthwarxd into the
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Petaluma Valley, and castward through the Carquinez 3tral.c,
The bulge In the {cotherms through the Stralt s venrecca-
tative ol marire incursions through the Carquinecz Strair
on the averaie. (June and Auzust lszotherm patterns are
sinilar to July's, tut with slizhily lower temperaturcs.’
It chould be realized that the chart dons not renuc-
sent the temnerature distribution at the seme instant
because the mexinum dafly tewperature {8 not reached at the
sace time at all leoeaticns., Cue to the ecooling influence
of the sca breeze, the dally cmaxivun {8 usually reached
carlicyr {n the day at lccaticns pear the Bay than at those
in the Central Va;ley. Sce Table 1,

TABLE

AVERACE TIME OF MAXIHUM TDMPERATURE
FROM THE BAY INLAND®

Tico of Haximm

City Jempoyature
S5an #reaacisce 1436 POT
Danlaad 1540 TLT
Falcfiald 1605 PU7
Secrancaio 1646 PDT

*zagel on 92 eases from June, July, and Auguat 1960,
Times vere sostinated from hourly obscrvaticas of the U, S,
Veather Burcau.




CHAPTFR IV
HARINE AIR PENTTIIATION MOLTL

Tho foracast systom developed in this ¢tudy wae
ccastructed from a "marine penmetration model' wihich dese
cribes the nature of the pressure distribution, and the
resulting wind end tewporature patterns which are believed
to be related to the advection cf =marime air into tha
Sagrazento==and 10 sorae extent the San Josquine-Villey of
California, Tho model {anvolves the delineation of three
claszes of weathor pattovns, each class being related to
tho subsequent nregence or abgence of warine alr in the
Valley and to the correspondin3g tewporature, preosure,
and flow characteristice typical of the class,

In the chanter, an attewnt will be made to enalyza
the various sunmertime weather pattexns, nlacing tiem in
one of the three classes., Cnce this has been acccmplisined,
{t will bo possidble to descridbe, labal, and forecast the
classas using an aporopriite etatistical techafqua, The
statistical application of the model to the forecast system
will be discussad in the neoxt chapter, 1In degeriding cash
clas? in the codel, the synoptic situation ead mateorolo-
gical conditions which occur during the existenze of that
class will ba discussed.
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Clazs 1 days ere assoccfatcd with @ general penecvatic.
of nmarivo air into the Sacramento Valley. The iflow of cool
carine alr causes manimuzm tempovatures to he below the
gcasonal nermel in Bacrmcnto.1 turing the Class Y peried,
the eaztern portion of tho Pacific high reaches Ltr wmaxinug
gzauvard displacenent, while {nlaend, a general arca of low
pressure culsts ovey Oreson and Nevada (Pigure 6),

tiith the hizh pressure cell locatod offshore, subsi-
dence assoclated with the eastern nortion of the hiph is
at a8 rinizum and the marine layer reaches ics mAxiﬁun <otk
Harine air flows through the Carquinea ltrait and over all
but tha hizhest of the goastal nountains 4in a broad, deen
layer that is wodified only slightly by tha underlying
land, At tines, coostal stratus may be advected into the
Tasranents Xiver Dolta areca reducing solar {neclation so
that neither the land bepaath nor the marine sair above is
heated, furthar reducing modiiication of the air.

The low prassure ares located to the north and cast
recults in a4 gorthward directed praesaure gradient {n the
Valley, wisile high prassure over the ocean to the waat

causen a well developed onshore gradient. Tho result i{s a

 ho seasonal normal renges from 3197 tn early June
to & hizh of 91°% in mid=July,
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stronz (over 1l knots), gusty soutinesterly wind in Zacra-
ooatce Unlike the windg norwmall y assoctated with a sca
breoxe circulation waleh srise due to surface beating (in
tue afternoen) and end with cessation of that heatin: (at
zunset), tha varine ponstraticm bezins at aoy time when
tha synoptic situation is favoradble and may continua thzow | .=
out day or night. The intemsity ¢I tho penctration {3, (i
larze part, depondeot upon the depth of the warine laycr
aad intensity of the south to north preasure gradieat,

Aloft, a deep trousgh of low pressura overlies tha
area, 7Tho flovw 1s well orpanized and quite stroa3z froo tt.
southwest balow 10,000 feet. The soutiweaterly flow ca th..
eatt 8lde of the trouph may reiunforce the surface winds ov
the inltial day of tha peactratiocn,

The marine pevatration may be & brief, ocne day,
cocurreaca or 1t nay continue for saveral days. Usually,

e ipnitial penetration, saccecmpanied dy stroni, susty wind.,
will {111 the Valleay with marine air, On succecedin: days,
the tempoarature will remain below the seascaal sormal bdut
the wirds will bae much lighter from the soutbwest or, quitc
often, from the north (from 2909 - 3309, While it wight L.
expected that north wiande would preveat waring afr from
extering the Valley through the Carquinez 3trait and, therc~
fore, wita the absence of marinme alr, result in warming,

this 13 not the case., 7The flow is the result of the abaenco
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ol tho subsidencs inversicn, which, with the retreat of tha
Pacific hizh has been dostroyed, allows merticrly {lew on
tlic west oide of the trouzh to reach the suriace. The wiada
advect cold ailr zouthward {re> northern latitudes, and do
uot vesult {n warming but {nstead eause coeling in the

Vailey, Hence, the lowest maximez tewmparaturs may be found,

net on the day of the inftisl »enetration, but an the day

aftcr.z

An iptaresting {eaturs nay ho found fia the maxizam
temmeratere {nctherm patterns of Class I (Figuze 7)., The
jet=like penatration of cold air through tha Carquinesz

Stralt thruste deep into the Valley hefore fanning ocut to

north and south, The result {8 a larpe vool of wara alr oun
tiic lea 9ide of the wmountaius to the norcea and oeccaas{onall:
to tie south of the Stra.t. The marine air actually appears
te cuter Tacramento from the southeast rathevr than the
southwest, The “lee sida eflact” cauges carine afr to L
dalayed bty one day {n reaching “Woo.ldland, Davis, Vaczsille,
and somntimes Clarkshurg. Likewise, the werine alr {s
usually coe day 1ate {n legving these areas at the end of
the nenatraticn, The pattern shown 4n Fijure 7 {s couwmen

to almont all Clasa T days,

zxurth winds may also be ascoclated with maximum
tecperaturces thal axe atove the seasondad norzal, as Gis-
cussed io @ later scctionm,
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Table 11, &t the end of this chapter, gives 8 complete

breoxdown of the criteria for the varicus classcs. Class I,
ivcluding the Class 1 sssociated porth winds, is desi;rated
by a "1" 1a the forecastiny system (sas coluun headed Xy io
Table II aud sce the footnote at the bottom of Table II for
& <ofiniticn of X7). Tables XIA and B, located {o the
eppendix, prescent the vortical structure and pressure data
upon wiilch the Jdiscussion f{p this chapter (s based, Tabdbles
X1IA cad B, also in the appeadix, present the varlance of

tho data shown La Tables XIA and B,

Cloas 1Y

Class 1T way be describad as the true soa brecze or
tha coa trecza shear ling situation. Maxiwuz dafly towmpora-
turev are oqual to or groater tham the scaconal norwal in
Seerazonto Jdur{ng tho sca drecze periocd. As the sea brecze
bozics carly io the afterpoon, texperatures bogin to (all,
With the onset of darkness, the sea brecese dissipatec. The
class oy be divided into three gronpﬁ, tvo of wiich are
quite eimilar in effect but somewhat different in their
Ciudae

All groups reproscent & olight shoreward displacezent
of the Pacific high with a corresponding increace in sub-
sidcace end loworingz of the subsidence invercica., The

yesultio; decrcagss in depth of the marine layer allows lass




orino alr to penetrata {alacd raesulting im ea increaced
rate of modificatico, As the warine layer depth decrecaszas,
it desceadd bLelow the highor mountsing to thae verta dund sous..
of the Carquinmes Strait, so that not only a shallower but
alzo a loss extonsive marine layer moves imto the Valley,
Levaertheless, the marine layer is still deep c¢nouzh to reac..
Scecramento lato in the afteruoon 40 & styengthenio:y of the
prevailin; southuasterly winds. If north winds are ocecurcic.
fo ths Valley, they will be replaced by southwaecterly flow.
The shorevard displacensnt of the Pacific hizh estal~
listcs a wack ridge over Washington, while the faterior Val.
{z dooinataed by maximum developmont of the thorwmal trough.
Pracsures &xe hizher to the nmoxth cad east (as opposcd to
tae low pressurcs of Class I) co that tho general zgradiont
{3 directed Valleyward. In the meantime, develcpument of &
¢ocp thormal trough in the Valley coupled with the oashore
locition of the high pressure cell increascs tho cashore
cecdiant. Pressures in the uvorth end of tho Valley £fall
raricly undor the {utense heating, creating a morthward
directed intorior Valley gradicnt by early afternoon. The
usrine air responds to this situation by moving fnto the
Vaileye.
The Class 1IA day is thoe true sea broeze case. In
tio forecast system it will be desizoated by a "2" (sce 4y
{n Table II). Responding to the intenss heating of the




{otevior Valley, marins alr moves through the Carquiacz
Strait gnd flcows northward, arriving in facrazento between
1400 cad 1600 houxs POT as an abrupt focrease to 1l knots
or moTe, With stroager gusts, 1o ths southwestorly wind (lvoa
210°-253% . 1The tesperature begine & raopid declimo. 23 ¢ -
ot @pprecetes, the winda docrease to less than 10 knoots o
ccoling destroys tha sod brccse wechonisz, Beccuse the
bzeceze arrives co late, caly wimor roductions {a the maxic; .
touperaturae occur and tempervatures s5till reach norwal or
cboves Claco 11A &3 the rarest of all weathoer types teo
ceeur in Sagrezoato.

Thae dascripticn of Class 113 48 nquch the cazae &8
Class 1iA, Uowover, due to a shallower marine layer,
lccger caghorte gradiant, aad aizher precsures to the worth
<3d east, tho sed breeze arrives inm Sacrazcato im highly
zodifled form. Therae 16 only a slight increase $n the
scuthwestorly vinds to greater thaa 10 kaots, with no guc. .
aad texperatures caly slightly affected 4f at cll.3 (ZThic
18 usually wasifest as a brief delay in heatin; until the
¢oa bracse pascas through.) The sea breeza usually begin:
later 1o tha cftorncon than doer thoe Class 1IA wind and &

usually of c¢aly cne or two hours duration. 7The flow {8 uc

St Clags 11B wind ucually reaches a speed of ounly
12 or 13 kaots.,
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lonzer & 62& brecze at all and may better be tercod a "sc..
brecee shcar line," as it represcente all that remains of
a highly modificd sea breezo. Bocause cof 4ts minimal efic..c

on Dacracento's hweatin; and winds, the overall pattera {o

puch like that of Class IXIA {cco next cection); therefor:,
Clase IID L8 grouped with Class IIl {n the forccast tyste..
&2d {5 designated by & "3, The Clasa IIB day {s the

wost fraquently occurxing weather type {n Sacramento durir
the cuzier,

Tha phycical description of Clase 1IC is wush likC
that of Class IJA; that i{s, sn afternocn fucreass of tho
couthuwasterly winds to 11 knote or wmore, with pusts, and ..
rapid decrcace in temporature. However, {astead of Jecro..w
sing at cunset, the wind uwsually continues blowiag at
greater than 10 knots throughout the might and davelers
into a full marine penetration (Class I) by carly worning.
Tor thic reascn, the Class 1IC cea breczeo has becn lobelcd
the pre-narios penctraticn ces dbrecza, It 4¢ the result
pot caly of toterficr Valley heating and weckeaing of the
eurfcee high pressure ridge but also of a zeserel retrest
of that ridge with tho attendant development of low precc..es
to the north and east. 7The lowering pressures allow a cca=
tisued sorthward directed gradiant alter the sun has set;
beace, the continued flow of marine atir foto the Valley. Vor
classification porposes, Class IIC will be designated by




"2" n the foxecactlay system,
Alolt, & veak ridje or a short wave trough may @ .

found {o ascoclatioa with Class IIA and I1B; however, C.i..

IC i3 agsocicted vith the oneet of an upper level low
nregsure troujh wihich deepons and leads to Class I. “iuw.
alolt telow 10,000 feet are well developed {rcw tho southe
vest end ucually quite strong for botn Class Ila aad 11C,
while for Class IID, the winds acve light and variatle.
Telovicica tower winds are generally light io tho woxniay,
tut way de cozawhiat strcager in tho alternoon for all thro.
claseos. Occasiomally, & Claas IIC sea breezs way occur

after a r:grine penetration dnstead of bafore,

Clons 13X

Clacs IlI dofines those situations wheo there 13
cither no sarine air in the Valley, cor the warime laycr Lo
5o shellow that solar heating wodifies it before 4t recsheu
Sicremento. Io eitker case, daytice maxicum tewperatures
in Saezrizento are above the scadonal sorwal,

Class I1I way be divided into two groups, Class III..,
vilch ropresants daylonz southwestaerly flow of less than
or oqual to 10 koots at Sacramento, aud Class IIIR, which
rcpreseats dayleny mortherly flow, Both groups repsescnt
a shorevard displacecament of the eastern portica of the

cecal-pormiizat Pacific hizb pressure cell (Fizure &),
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Flguoze 8, Pecific hizh pressure cell disznlasad
laland (couposite frox N acaiysis of
Class 111 woather uap),




rosultic; (o {pecrcaced gudbsidence and a corresponding .=,
sification and lowering of the subsidence {nversicn. ..
cescending {nversion eonfines the marine layer to am eves
deereasing depth 2ad may eliminate it altozether, The
marico layer 4s, therefore, rapidly wodified as it moves
onshora ead caanot reach 3acraxconto 4n cpite of the advec-
tive ecffects of the 1li{ght southwest windas of Class I11A,
As the intensifyiny inversicn lowazrs, it dascends below ti
level of tho surrounding Coastal Mouataing leavinz only ¢
porrew passagoe through the Cavqulnez Straft cvaellable for
varing penetrstion into the Valley, Thie furthar reluces
thio extent of wmavina ponotration 1inland. The wostierly
winds of Class II1B swaep the Valley frece of marice air,
pushing it westward througjh the Carquines Strait and out
to sea.

“aa Class IIIA day is associatad with a vidze frowm
the central hizh pressura cell extending inland over Ore;:..
and Northera California, creating highor than sovmal
progsires to the oorth and east and balancing the usual
cuoshore pressure jradieat, Cradients in the {nterioer
Valley are woak or noncxistent, The exiaticg pressure
digtrituticn causes weak southwosterly winds (frea 2109-
250°) of loss than or equal to 10 knota f{n the Valley.

Cceasicnally, 8 coll of high pressurce will extend
ceep {ato Nevada complatsly reversing tha onshore gradien:
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o3¢ erecting the mortherly winds (from 3£45°-030°%) of Clas:

i

|

’ IIIB. At th{s tima, the intcrior Valley zradiest is direce
. ted from nerth to scuth., As the mortherly flow deccends

! tirc 2lopes of tha Fickiyous and Slarra Revadas, it is

! vavaed and dried adiadatically producing very hot, Jry

' voather Ia the Valley.

Rewsobaring the Class I acsoclated moxth winds, 1t
caa be gald that north wisds produce warming in the Valley
oaly 1f they eve gradient induced (Claas ITIB), I1f they
ave associated with a trouzh aloft (Class 1), they produca
ccoling. ' |

Aloft, & hizh pressure ridge overlies the azca
during tho Claoss IIT pevxioeds During Claus ITIA, flow ...
talow 10,5380 feoot Ls 1ight aad vaziable as are the wii .

at tha two lovels on the telavisicn tower, During Cl. .

1118, flow aloft may ba light and variadle or quite woll
| developed from the northwest, north, oc northeast, '“i...
oa the tower are azainm lizhet, Class ITIA and IYIB will L.
designated by a "3" in the forscasting systea (see coluzu

hoaded 27 in Table II).
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CLASSIFICATION SYSTEM

Yind Dlrecticn Gustincas Ternaratiyre Clpeg :
>nozval c..0 11AC ., :
o YRE o000 CROLIAY seee 1 o0 2

00150272

(southh wWinee) e >norwal .o II1A or XID
00 veee <DOTRAL o0 ) § e -
270-268-55° »00reel eee 1115 40
(north windo) . <ROrnadl cee I o0 o

»
The parapeter 48 dallaed by the respective
digerate classes chown Zn the atove table., Its purpoze ia
to provide @ coatisuous variable {or uss as & pradictand.
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: CHATIR V

TUT FORECASTING TECHNILUES

s3a0ald Le poscldle to use the wcdel to develep ea 2bject. .
{orecast systen, Belove tue forecast cystes can be dave.~

vped, bowover, & cholce wist be wade a3 to walch cotiaod .

atical cualysis Is west sulted aad wost ccavenfcot . ¢

-

stal
udd. Thees gtatistical techalcues wera cxasinad beivre
tals clwoice wae siade, The follouviey discussicon will
cutline tlea dcviatagoes aod <isadvantages of each, loudl. |

to tae selecticn of the mathod eaployed In this ztuw,,

atarfatizal dzthods

'In seneral, the problem of Jdeveloping a statli.tl...
{urecasticy procedure rewuires duterminatico ol tic
{uacticual relaticashlip betwvoen a "predictand” (the ~.ooo.o:
variable which is to be prodicted) and a nuzber of
"predictors” (the wetecroloyical measureucnts believed .o
be related to the predictand at a previcus time)., Or, ..
fuactional wnotaticn, {t is desired to deterwine

Y s f(xl. Zy» 333...31....xn)

wiere f(xi) {3 oct kaown.
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- Thg wathczatically =cest satislyloy wethod, linois
cultiple togressica, regailves an aatamption taat the
laticashiip betwem the tavres is lioear, or can be wale .o
by an oppronclate traavliornatica el the previctoe variablio s,
Siaca, 1o senvval, setcorolegical velationenips ave Lijuily
nca-linesr, aad 4o tals case ars mot koown, a jreat dedl

c’

o~

rel

el

micary anaiysls would be wequived In order to
detcvmice tha fora of tho wvelaticmablipe. Furtacraors, to-
determiaation ol tle regresslon equatica {toell would tho .
rogulre exheuctive Soshecouputer analytis aalfor the aval .-
ebility of ¢lactronic computing equipuent. Jiaslly, it & .
rot beon tag gomeral expericnce ¢f other inmvertijators
tiiat guch techiniques produce wove satielectory raezules ti...
cleple prephical mothods (Penoisky, 1903).

tuccessive stratificatica 1s a relatively sleple
gtatistical mothod lor anelyzing data, esseciclly aon-
liacar Jdata, wicrein tho lavestijator groups ali of Lis
data {oto distinct classificaticns. ilerein llecs the chici
foult of the syatem, The lovesiijator jraiually worxs Lic
wdy to 3 polnt where ke bhas used all of the xelevaat
classificaticas, yet thereo may still te sowe Jata vewalnin;
which Jo2s not £1it any of these jroupinzs. The prodlez,
then, {3 what to do with the rowainioy data. 1L it {s a
relative.y 6aall porticn of the sample, the temptatien

arises to anejlect Lt as beinz so rare that it i3 not




perticularly fapezeant o fadicating how the predict.

will sgact. lNuwaver, it Ls Just these rare coxbinaticl
valcle way preccede laportant weteovolegfcal pheanczena (-
e lavostizator wishas to predict. o the otior hanl, .0
tue portlion of data is velatively large, tha {avesnifl _ator
i1s (orced iate either maglecting & large porticn ol Lls
seaple or devielayg new classilicati{ons.

sucees ‘lve graphlical rejression lnvolves the cushin..-
tica ol successive palrs of predictors, each palyr deternii..-
in; aa ectinale of the value ou the predlctand, ‘'hien wo..
than a simgle palr of predictors is used, the (nitial
caticates aro of{wllarly palrzed, detervioing a new astimc..
of the value o the predictand in which {our prelictors I o
been combianed, Yo functional motation this wmway be expro. .. .a
as

v e g GlE0XN) s £ (X0 %00, £5(%,,5)3 ...

The advaate;zes of this wetiiod are nuierous, It Lo
velatively simple and fast requiring no equipuent other tlog
ocasil aad gsrapa paper. Unlike lincar multiple regressics,
no assunpticn 3s to the nature of the reclaticnchip betwecon
terzs 1s required. In {act, the data are used to determine
the forw of the relaticaship, thus eliminating the nead (or
excessive preliuinary analysls or involved calculations of

tha vegzrossicn equation, Once the data have teen plotted




cnd analyzed, an fdea as to tha usefulness of the prid . -~
tors 13 available, I the Lsopleths on a aiven uJia rac
nedrly horfzental or vertical, one of tae predictoss ...
no cifect on the predictand, 1f the predictand Is szt
randorly on tae diaxras, with little systematic tronc,
nelther of the predictors on that particulor dlasro. ..
ureful, Other characteristics of the wataod include t..
e. "ect of the order of combinstica eof tne predicliors,
1g, different coxbinations may yield dfiferent forccas
values of the predictand., Thiz 18 a disadvanta;e cf th:
zethod, In yeneral, these coxmbinsticns which, con tie ta:
of physical reasoniny, seen to have a joint efaniiicance
chould, of course, be paired, However, while the wetecy.
lozical validity of this {nftial relatiocnehip way be
Justified in this wanner, the complexity of the secondary
combinations senerally dofeats any attempt to analyze t.
relattonshing on the basfs of a possible theoretical
cormection (Panctfsky, 1963; Afr Weather sServiece Manual,
1953). This was the mothod finally settled unon as bein

moet suitable for this study,

Forrcustiny tae dHagine renetraticn

Lrthode e firct [orecast atteupted was the

OCCurrence OF NON=OCCUrcence of tue marino penotruation.

ced

L
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Using the basie ideas develeped im the marime penetration
model, six varisbles were ehosen ae predistors of the
penetration. Thesd veriadles, shows ims Table 11I, were
sraphieally conhtni‘ ueing the swesessive graphical

regressien methed.
TABLE 111

ﬁhllll PENETRATION INDEPENDENT VARIABLES

Pressure difference PDX-3F0 2 ;
Pressure differemce ANO-3A0

Inversion base pressure i;i;

SUU wind speed 3

chnluro differense RBL-3AC 2 ’;
hour 1000-700 ub thicksess 16

The first pair of predictors chosen were the
tortland, Oregom = Sem Frameiseo, Califormie (POX-5F0)
and the Reng, Nevada ~ Sacraseato, Califormia (&NO-54AC)
pressure differenses, Ths varisnse of these predictors
for the varicus elasess may be Lound ia Tables X1IA and B
in the appeadin. These predicters were choses as being
representative of the sexth~seuth aad east-west pressure
sradients respestively, As swah, they are indieative of
the presence or leck of & ridge im the Oregon-Nevada arca.
Positive values imply me marine pesetratiocn, while negative
values fndisate penetratisn. The cembinstien of these
variables yislds the estinete of the stremgth of the
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sarine penetratiom deoignated '1‘

The second pair ef predictors were the Oakland,
California (0AK) imversion dase pressure and the Fairfield,
California (3UU) wind epeed (sustained wind speed only,
gusts are mot takem imte accowmt). The variance of the
Oakland inversion dase pressure for the variocus classes
may be found in Tables X1IA and B, The fuversion bdase
pressure represents the depth of the marine layer, while
the Fairfield wind speed provides am indication of the
proximity and vate of flow of the sarise air as it pene-
trates throush the Carquines Strait amd inte the 3Sacraxzeate
River Dalta ares, The sembinatiocs e¢f these variables
yielde Yy

The final pair of predictors were the Red Bluff,
California ~ Sacremento, Califormia (RBL-SAC) pressure
difference and the 24 howr thickness ehange (1000700 mb)
as veasured from the Oaklend radicsonde observation., The
Red Bluff « Sacrancnto pfnn-uto difference represents the
interior Valley pressure gradient, nearly sero for Class
111 but negative for Class 1, while the thickneass chance
zZives a measuve of the ¢old air advection into the area
providing an indiecation of the potential for trouzh devels
opment aloft and, therefore, of marine penetration,
Conbining these varisdbles yields Y,. All date were
aollected frem the 0300 hewrs PUT cheervatioce.
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Initially, values of X, and X, were plotted on a
scattergram, On this diazgram, values of x, from Tadle 11,
Chapter IV were tabulated., The datsa were then smoothed by
averaging growps ef ten dats pointe, and {sopleths of X,
were drawvn, The {sopleths, denoted by 11. represcnt &
preliminary estimate of x,. Siailarly, the other predictora
vere gombined} '2 represents an estimate of x, predicted (roam
the graph with x, and X, as eoordimates, end Y, an estiratae
of X, from x, ond x‘. Fext, ,1 and 13 were combined, as
functione of four imdependent variadbles, to yleld Y,,

' The final graph, representing the combination of
Y, snd Y,, produced the fimal forecast of X,. denoted by
Y.+ Actual valwes of X, , and computed valwes of Y,
nay be found ta Tadle XIII is the appendix. TFigurees Ja-e are
the forecasting graphs, To make & forscast, cne merely
determines the values for eash of the {nitial predictors
and enters these values o the appropriate greph to obtain
Y Y}. end 73. These values sre used in the succeeding
graphs to obtain Y, and Y,.

Yor values of Yqs the following scale was used to
provide a best estimats of the three categories of marine
influence=-generally represented by the three ¢lasses of
the warine pesetration wmedel,
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Y]
Ty lacine Influsnge £laze
1.0 = 1,6 Marime pemetratios ) {
1e7 ~ 3.3 Sea bruese 1IA and C
2.4 - 3,0 Little oy me marims I11A and B
influenee and 11D

Resulig, After the feresasting dlagrams were gon-
structed, twe sets of dats (the original set fxom 1963
and 1966 used te cemstrvat the graphs and an independent
sanple from 1964) were used te eheck the accurasy ef the
diazgrams, The validity eof the diagrams gould thus de
examined by comparing the results gaimad frem usinmg the
dspendent sample, #imse the vesults, using the two sots of
data, were mot too disaisilar, it was assumed that the
forecast diagrams were valid., 1Im eddition, by wsing both
the dependent data as well a8 &» independent sanpls, &
total of three years data were used im determining the
validity of the diagrams,

Lookiag first at the dependest dats sample, teveral
thinge cam be deterained from Table XIlI, '1 ie & highly
varisdle predictor subjeet to repid and suddes ghanges tetwsen
predictions of mo marine pemetration and marine penetralion,
It 18, thersfors, very wseful im predicting the change
from one elash te the eother, Similarly, Yy 42 alsc highly
variable and, therefeve, 8 good feresastar of chznge, T3




A9
on the other hamd, is extremely econeervative, For the most
part, velwes of !’ tond ®» center abowt an Xy value of 2.

Table IVA fo & comperise> of ferecast oacurrences
of ¥, to the astual oeeurrenee of X, based o8 the results
shown {n Table XXI1, As ean de seen, thevre were 46 aatual
cases of Class I, 17 of Cless 11, and 72 of Class III, Y,
and Y, were successful 1n forecasting 350% or more of the
oceurrences of Clase I end 111, Nowever, they were quite
unsucceassful in foresastimg Class 1I. 13. on the other hind,
was correct more than 501 of the tiwe in forecasting Clasa

I1 although lese agcurate is foresasting the other e¢lasses,
It 1o clesxr, tham, that Y’ is the dest foregaster of the
sea brease and 1s weeded Lif such a forecast is to be made.

The eosbdination of 11 and Y, yielded an tmmediate
{oprovement {m the forecasting of bdoth Claes I and III end
a8leo increased the ascuracy ef the '1. forecast of Claes II;
however, there was & sorrespsudisg dearease of the accuracy
of Yy o forecasting Class 1I, The combimation of Y, and
T4 again brought an improvement to the foreceat of Class I,
a slight loss of accursey im the forecast of Class III, and
no change ia the acourssy of the forecast of Class II. The
ovstall ascuracy after the additien of Y, to Y, was, however,
iocreased, Frem Tadle IVA, it sppears as though sach
predicter pair contriduted significantly se the improve-
mant of the feressst.
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Both ths per gent eorreet and the ekill score were
computad a8 shows in Tedle V. Briefly, the results
were! 73% eorrsst and & skill score of .36,

The fadepsndent saxple of 60 eases from July and
August 196A was exsmined, The same procedures were
followed with similar vesults (ses Table IVB), Again, Y,
correctly forecast Class II (im feat it hit a phencmenal
13 out of 16 of the Class 1I ecceurrences), Y, and Y, were
agaio better tham 30% in forecastimg Classes I and 11X,
Y, showed a significent improvement over Y; io the Class
II forecast, while again the Class I11 forscast suffered a
drop im accuracy. '3 produeed a more accuvrate forescast on

the whele than any of the othsr ferecasts, seoring 37 out
of A8 forecasts eorrect,

The contingsncy tadle shown i{m Table V1 yielded o
per cent correet of 70X whila the ekill score was .61,

This apparent “improvesent™ ower the dependent data is
believed to de & non-significemt variation; & chi-square
test of the differsmce is scores indicated this to be the
cau.l Tadle XIV in tho appendin shows the actual data for

‘whtlo the validity of statistical tests of thie
kin:. en meteorologicel data Lo somewhat useertain, the
rasults in this esve owppert the intuitive fesling,

|
I
| )
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TAMZR ¥

MARINE PENETAATION FORRCAST ONTPREDENT
DATA CONTIBGENCY TABLE®

FORECAST
1,0e 1.7 2.‘.
1.0 2.3 3
1 3 10 | (]
(13.3)
é' 3 b 7 14 17
o (3.8)
o
3 [ 10 59 13
(36,.9)
8y 17 L2 139

Pex Cemnt Cexrous! ‘_}}x 100 8 131

Skill Seere! ®

*0n all centingeney tadles, the aumbers im paresthesess
t f eases whieh would ceccur by change




TABLY. V1

MAAINE PENV.TAATICN FURZCAIT INOTPERDENY
DATA COMTINGENCY TABLK

PORECAST
1.O. ‘0’. ,.“'
1.8 2,3 3.0
1 10 ) 0 1)
(2.8)
g 2 | 12 g 16
3 1 7 2) n
(13,9)
13 1 15 ©

t

Per Ceet Corvest: H_ X 100 g 75%

Skill Seere: 23 2 it:, L) a.* s .6}




X1a7 ®0d Y, ¢ for the imdopendent sampla,

Eoxecasting the Haximym Jemporaturs
Metbod, 7The foresastimg diagrams for determining

the saximum tewperatwre were devoloped im the same macner
as those wesed in forecasting the warime penectration. Ibo
addition, essentially the same predictors were used,
although is ocomevhat different gombinations smd wvith one
change., Here, {ustead of using the scale value of Xy (1,
2, oxr J), the astusl maximus temperature that osccurred ow
the day of the observatiom was plottes om the scatterjrem
and analysed,

The imdependent variadles wsed are shown in Tadble
Vil, As csa be seen, the imitial pair of predietors, the
Portlend « Sem Franeisvo and Reno « Sacremento preisure
diffevences, ylelded 240 The Oaklaad inversica base
pressure end the Red Bluff + Sssrsmente pressure difference
were combined omn tha seeocnd diagram to yleld z,. Tinally,
the Fairfield wind speed aud the 850 md temparature
(reduced dry adiadatically to the surfase) from the Oakland
radioscnds observation were ecubined to yleld 14, Agals,
all data were takea from the 03500 hours PUT cbsecrvatioa.

The 850 md tempucature replaced the 1000~700 mbd 24
hour thickeess shamge besause o8 most days it seemed to
correlsts quite well with the chserved mazimm Cempersture
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in Eacramento., On wost days, surface hesting ocours until
the teaperature reaches that of the 850 mdb level, Any
further heatiang preduces eonvective nixing whish spreads
the M at through & deop layer of the atmosphere retsriing
further heating of “he surface layers,

TARBLE V1X

MAXIMUN TEMPXRATURE INDEPENOENT YARIABLES

Presoure difference PDX-SFO 2!1; g

Pressure difference RW0O-SAC 12 1 .
lIoversion dase pressurs OAX &x,; z 4
Pressure difference RIL-SAC x, 2

5UU wind speed ix‘; 2 Ly
830 mb texpsrature X 3

The values of z‘ and zz were éosbined to yield Zge
Zy and 2, were combined to yleld z,. the forecast of x.,.
The forscasting dlagrams ars showmn in Figures 1l0a-e, while
the sctval valwes of Xi_,. l‘. and the somputed values of
Z;.y 6te shown is Table XV {n the appendix,

Romulta. Again, se with the marine penetratiocn fore~
cast, twe sets of data were weed to esheck the accuracy of
the diagrems; bhewever, this time the independent data emms
from 1958, Frem lecking at Teble XV, £t may be dater-
wined that &, and 8, ace tivw meve variadble paramenters,
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ville Z, 1e slightly more conservative, Henoca, it would lLe
expected that zl and 2, wvould respond much more quickly to
the change from Class I teo Class 111, while Z, would ast as
& noderating in(luence.

Yor verification purposes, the temperatures wvere
dlvided into four cless lotervals: 1less than 807, 80-89°7,
90-99°F, and grester thea or equal to 100°r,

Looking first at the dependent dats, Tadle VITIA is
e comparison of foreocast ocecurrences of Z, to tho actual
cgourrence of X, based on the results iw Table XV. There
were 20 actual eases of tenparatures less than 80°F, 4)
of teoperatures frew 80-89°F, 60 of tempsratures from
90-99°7, and 26 of temperstures grester theam or equal to
100°7. Z,_, were successful in forecasting correctly over
50% of the tims for the two class intervals 80-39°F and
20-99°F, but were much less successful (m forecasting the
other two {ntervals, The eomdination of Z1 and Z, to yleld
Z4 provided an {mprovement in the forecast of the class
fnterval greater than or esqual to 100°F, and yiolded little
change in the other fntervale, The totsl nuwber gorrect
fox I, was greater thas for I, ,.

The combination of Iy and 7, to yleld 1, provided
notadble improvemen: im the ferecast of tha glass (ntervale
less tham 30°F, 80-39°F, end trewmendows {mprovement of tha
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grestar than or equal to 100°F fnterval, There was & slight
decline {n the accuracy of tha 90~99°F intorval; however,
the total oumber of correat forsoasts was i?gn(ttcnntly
better thaa any of the other forecasts of Z., Hooce, {t
appears as thovgh sagh predictor pair f{s contributing to
the improvement of the forescast,

Both the per c¢est correct and the skill score were
conputed a4s shove (m Tadle IX, The results were 67%
correct and & skill score of 50,

The iodependent sample of 46 zasos from August and
September 1938 was examined. The results were not as
favorable as thay were for the dependent seaple (sse Table
VIII B). I did mot produce the bast forecasts as the toral
nunber correct for Z4 was only 27, and Z4 produced & total
number correct of 33, The reason for this {s thought to
l1ie {o the relatively swall size of the sample and the
faot that only 13 of the A6 cases fell in the two class
intcrvals less than 80°F sad 80-89°F, Kevertheless, the
skill score and per cent correet, which wers .32 and 59%
respcctively, wece quite simtlar to those computed for the
dependent data (see Table X), There waz 4 slight reduction
in accuracy from the dependent data;, however, the differences
1 seores were non-significast when teeted by the chi-square
test (see footnote i, page 31). Table XVI in the sppendin
glves agtual va'ees of xl-S' Zgy a8d eomputed valwes of

Z1e8 for the indespendent sempls,




TADLL 1X

MAKINUM TEMPERATURE FCORLCASY DETENUENT
DATA CORTIRGEMCY TABLE

Lh

OBSERVED

FORECAST
100 90+99 | 80-89 20
139 v - 0 v 26
(.1}
90-%9 13 638 2 0 8C
, (39,.2)
8089 0 il 3l
(1.4 3 43
({4] 0 1 10 7 15
(1.1)
» 8) A3 19 167

Per Cent Correet!

fkill Seore:

}*& X100 = &N

B ot
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TABLE X
NAXINUM TEMPEARATUAE FORVCAST INDYPUMNDENT
DATA CONTIEGERCY TaBLR
FORECAST
100 9099 80-49 h)
190 ¢ 0 0 0 6
(2.1)
@ P99 9 13 0 0 27
E (14.7)
8089 1 7 2 1 11
0.2)
80 0 0 1 1 2
0.1)
16 23 3 2 LYA

Per Cent Correst: H X 100 ¢ 3591

Skill Seere: n : *a ® ﬂ_ s 32




CRAPT?R V1
CORCLUSION

Fasentially, the hizgh degree of skill diaplayed by
the marine penetration snd wmaxinuva tempersture forecast
techniques justifies acceptance of the marine penetration
wmodel descridbed {n Chapter IV,

With respect to the model, 1t scems as thouzh the
Paclf{c high pressure call 1s de{initely conoected with
the occurrence of the marine penetration, as witnessed by
the high degree of accuracy of the Yl forecast of Class 1
and Class 11, Om the other hand, the develonment of the
theresal trough in the {nterior Valley of Csl{fornia fuflu-
ences the development of the sea dreese as witpessed by
the sccuraesy of 73 in forecasting Class 1T,

The {sotherm pattern shown in FPigure 8 glearly
indicates the movement of cool mirine air from the ccean
fnto the Bay and from the Bay into the Central Valley through
the Carquinex Strait, The developument of & jet-like core
of cool afr through the Strait te a conviseing plature of
the »arine penetration,

The depth of the marine layer ie¢ also domiosont in
the marine penetration. It is evident, that on days when
the tempersture {nversiom is low snd the wmarine layer shallow,

no serious penetratios will esgur, VWith A deep marine
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laysr, penetration ie not only possible, but probadle.

It seems avident that the basic fdea of the model
fs correct, although all of the variahbles may not work for
avery case., Waen they do not, the strength of the penotra-
tion is reduced, JIndeed, one would not expect & harsoolous
vorking of every variavle for every penetration, Clearly,

though, cbservation of the var!ables set forth should ;ive

some idea of the occurrenece or ncon-occurrence of the marioe
penstration. The overall usefulness of this forecasting
systea can only be proven by actual in-station use, Tt was
toward this end that the study was undertakss, and hopefully,
it is this end which the estudy will f£i1l.
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