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ISTÄOOUCTION 

Suttit^rtltt« vtachor forectttiog In the Sacraaento 

Vail«/ is usually a fairly routla« proaeduca. Normally, the 

sky is clear» tha tonpsratura high» and the bucldlty iov. 

Ugwcvar, the psoatratioo, frois tb« Saa Francisco Bay cotton, 

ot  cool, aolst narina air into the Sacraoeoto Valley area 

Is aa exception to the normal veather* Such intrusions can 

cause the naxlaura teaperature to Call 250F or acre and the 

relative bwaldlty to Increase by 30 per cent in 24 hours. 

In addition, the intrusion Is aecoopaaled by strong, gusty 

winds In its initial stores. 

One Inportaat reason for being concerned vltb i 

earlne Intrusion Is that It has an effect on forest and grac. 

fires. Whan high daytine temperature and low relativ« 

huotdlty persists for any treat length of time, the danger 

of fire in the Valley and surrounding foothills becooos 

axtreae. The low tsmperature and high hualdity of earIna 

air alleviate the flra danger« However, If an Intrusion of 

narlne air occurs after a flra has started, high winds 

during the early stages of the Intrusion fan the flaaas and 

can drive the flra out of control« *u« ul^h winds generally 

subside after the Initial intrusion and then the marine air 



■»* I ■#* 

is AD «»$«t to Clr« cootrol. Th« tMttorologloal coodltloni 

adftocl«te<i with tho 0Q»«t, portltttoea» or «bscnco of 

■arloo air la th« Valloy Ar«9 thoroforo, ol paraaouot 

iuportanc« to tho«« ooncomod with fir« ooocrol. 

Sportfl «etlvltlos at ?olfoa lak« ar« alao affected 

by tho oar In« iotrualoo« Strong wloJa 4urlog th« iocviraloa 

of th« marin« air aak« avlualag aoö boating haaarJooa* 

Suitable warolosa to th« public could be oade If auch 

Iotrualooa could be accurately foracaatad. 

Maoy other a^eoeloa la th« Saoraaaoto area arc 

affected by the hljb wloda usually ataoeiated vlth the 

locuraloo of aarloa air« Ceoerally» vlad apeada la excosa 

of 20 all«a par hour ar« «ooaldered al^olflcaot aoou^h to 

warrant taking protectIv« maasuroa. Cocooroial and public 

orfiaalxatlona auch aa Aarojot Geaeral, Oouglaa Aircraft, 

and the Port of Sacraaento, naad to know In advance when 

they ahould iaplenent protectlv« ««aturea agalaat auch 

wind«. It haa not, however» b««o poaalbl« to objectively 

forecaat the occurrence of a marine Intrusion• Th« purpoaa 

of thla atudy la to provld« a ««ana for aaklog such fore- 

casts. 

Several atudlas have been conducted oa the nature 

of marine peaatratlona Into eoaatal vallaya« Theae Include 

iDveatlgatloas by Lowry (1959), Feaberg aad Sbroeder (1966), 
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aad  Jchaltx (1961) 4«aUag with adscript iua« of th* 

phcaoccnon oaJ its •ffects upoa ajrlcultur« and far««try» 

ID oJUltioo, »ovcral atttupcs have b«e» »ad« to forecast 

täaxluAja toApdratur«« lo ^acra&ooco: Karoaa (1960) and 

Sinclair (1961) both Uoalc with this problea; bovavor, 

tliair forecast syaUun* dealt only partially with tha a^rinc 

penetration factor. Ko one, to the iovft*tl£aCor*(t knew 

ledjo, had conducted * detailed examination of the physical 

aspect» of the carioo penetration into the ^acraaienco area 

and coupled it with a forecast systea» 

The overall $oala of this study are (1) to describe 

tiie physical characteristics of the oarine intrusion, (2) 

to establish a alapla oodel deserlblog its operation, and 

(3) to develop (a) a «chese lor foreeastlo^ sarlne iatru* 

sions and (b) aa.objeetivo technique for predicting the 

aaxiaua tei&perat^r« at Saeraoento« 

J 
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CILVrTCÄ XI 

DATA COLLECTXO» AND SKA BfilTSZE THEOSY 

The »uosMr of 1966 WAS the clo« of coat Active Uat« 

collectloa. Most or the physical ^etcclptloo wet ^le&neti 

£rcui tbttfta JAtA. DACA fron 1965 «nd 1966 were usc4 to 

develop the foroeest tecbolques» vhlle reeUoai eeleotloos 

frora the cuaawr* of 1955 AOU 1964 were ueed at Indepeodont 

Uata Co check the techniques. 

Since the major aia of this study WAS to develop 

/orecast techniques to be used oo a routine basis« only 

currently available weather observations were used, No 

special instrutaeotaticm was used, with one exception* A 

1,500«foot television transttissica tower located at VAIQUC 

Crove, California, lies alonj she path that narine air 

üuac follow to reach Sacraoento« Wind speeds, ttoasureti 

with cup aasaottetera located at the 450* and l,5C0-foot 

levels of the tower, «ere received at 05110 and 1550 hours 

POT daily* Unfortunately, wind directions were not avail« 

able* 

Vfith the exception of that obtained froa the tele« 

vision tower, all other data for this study oaee froa 

standard Weather Bureau sources* Observational data 
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IncludoU tcopcratwre, prcuuurc, wind «peed tsid direction, 

dtiw point, cloud cover, find upper air data £roo both pilot 

balloon (riEAL) and radiosonde observations (KAOB) taken 

at Oakland, California (RAOB and ?XQAL); Hed ElufC and 

Fresno, California (PISAL only); and Seno, Nevada (PIPAL 

only)« 

First order and supplementary airways stations of 

the United States Vfcattier Bureau were used for standard 

cetcorolo^ical data, while cooperating; observer stations 

were used for utaxicuia teaperature readings«    The network 

of stations used Is shown in Figure 1* 

The sea breese circulation occurs along «any ccancs 

of the world»    Because of the different heating oharactc.:- 

isties of land and water, air over the land becomes cud» 

varoer during the day than that over a water surface. 

Upward ooveeont of the overland air due to buoyant forces 

upon 1c produces a pressure ftradieot aloft directed frca 

land to sea resulting in upper-level seaward caoveascot of 

the air«    According to Klehl (1954)» in response to this 

cass divergence of air in the upper levels, low-level 

pressures be&ln to Call establishing a low-level pressure 

gradient fro» soa to land«    Cooler, oiore dense, earioe air 

responds to this gradient by novlag onshore, cad the sea 
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brfioxo circulation 1« c»tÄbli»ao«i. 

Äccordioj to Walllngtoo (1961), the Ul«t«oce ialan4 

Co wiiica the coa br«exo 1ft abl« to p«o«CraC6 la JcpcnJcnt 

upen a aual>«r of ractor«.    First, tU« atron^th of the 

ßolar radlatloa;    locrcASAd ln»ol«cion unJa to iocroasc 

the laoJ-soA tcipcracvire ^raJlcnt*    Second, tho direct 1c» 

and atroD^tb o£ aay suporlnpossd general wind flow:    lar^a 

ocal« winU* la the sAao diractloa aa the »ca broesa will 

toad to relalorco the sea braoae £lov*    XUird, the depth 

of the tsar loo la/er:    a deeper layer la capable of greater 

lal«ud pen«tratloa la vumodified fora than a ahallow one« 

Fourta^ th« aca temperature:    cooler vater offshore locrea- 

aea the land*aea temperature gradient. 

A« the land-aea teaiperature contrast iocreasoa,  the 

pressure ^radieoc botvoeo land and sea Increases, and the 

oca breeze accelerates«    According to Uaurwlts (1^7) and 

Schaidt iVA7), with no retarding forcea, the sea breeze 

will continue to accelerate for as lon^ as a land-sea 

tcaperature gradient exists«    This will yield a aaxit-uo 

sea breeze speed well after the uaxleua tcaperature differ* 

ence between land and «ea occurs*    Kowevor, because a 

certain nlniisim tecperature difference is required to 

ovorcoose the effect of friction,  the sea breezo usually 

attains its aaxiaaa speed at, or shortly after, the Kazlsua 



tecporAluro «ilfforcac« it obfierv«d. 

Another laflueneo it the Corlolli «oceleraclon, 

which, ov«r « period ot  tim«, dcfltctt the •«« brc«a« frc» 

A tlireotton porpcndlcul«r to th« ooAtt to coo which is 

more parall«! Co the coast« The ana breeze lsa in a sons«, 

soIf-regulatory» As the eoa breeze becooef stronger9 more 

narlne air 1» advected Inland» This reduces the difference 

In teaporature and density between the land and sea air* 

As the contrast it reduced» so is the prosoore gradient, 

and the sea breese gradually begins to lose strength, 

eventually dying out altogether» 

n 
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CEUcKAL CLIMATOLOGY AND TOVOSUPIXX 

Tho oßshjrc pressure gradient produced by dlf.'cx*- 

cntial l£nd*30A heating causoa a soa hvttezo to occur ßlonj 

pL'&ctlcally the entire CAllfcmla coaot. Hcvevcr, except 

for cortaio Xov-Iylos gaps iß the cou&taioo where «arlrx 

air con flow inlend, the Coast«! Mcuntalna effectively 

block tcarine pcnctrAttcr.e into tho Central Valley (Figures 

1 aad 2).  The principal ^aps Include: 

1« Tetalucsa Cap • Korthweet of Soa Froaclico. 
Hlcvatlon« lose than 500 feet« 

2. £cn Bruno Gap • Just south of San fraseleco. 
Elevations about 200 feet. 

3* Colden Gate • Sea level pastase into San 
Francisco Cay. 

A. Carqulnez Strait * Northeast of 7an Francisco 
connecting ^an Pablo Boy to Suisun Bay. Provides sea level 
passage into Central Valley. 

The city of Saorameoco Is located in the northern 

half of the broad Central Valley of CalUomla. The 

Coastal Koutttaln Range» with average elevations of 2,530 

The ouabered points connected by lines in Figure 1, 
pa^o 6 chow the path followed In constructing the cross 
section sbo%<Q in Figure 2« The nusbers along the base of 
the cross section in Figure 2 correspond to the nunbered 
points in Figure 1. 
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icot, li«8 4u tallat CO tiio v«tft OLT
 JAoraccoto» wfall« tb« 

wiaiwlyoa HouotAio« 11« 160 tsllet to tho north and tho 

ölorrA wav&J* MouatAloa «ro ^0 alia« to tu« o«it« UoutU* 

viuU, i^ö Valloy cÄicadl», uoiaK«rrupt«d9 lor 2ä0 uiilot 

coding ft^aioit tho Toaacliapl MouatAios* Tho Volley £loor 

tfr oö«outiolly i'lotj with olovotloa« ooldco obov« 2aw £«ttC* 

Off taa co^aft, tba oceoa botton drops rapidly. Ih* 

Calii'oraia Curr«ott drivoo by tu« «toady oortbv«igc«rly flow 

around th« «aetora od^o o£ thm  tactile hl^av i'lowa ©uutawar« 

alon^ tho California ooa«t* Corioli« «f^occs acting on tan. 

curroot impart a ^ooocal o£iaboro tuovottoat to th« surfac« 

voter inducing a prooouoeod upvolliog of d«o?t cola water 

oiiH  toe coast* Zbe upualling produces a band of cold water 

a?pro»loatoly 00 alles wide oLi San franoleeo (Willlaasf 

1966)• äurfac« water teeperaturee during July are only 

about 5A0f, 

Tho primary source of barlnc air is the Paoll'io 

Ocean« Korine air outerio^ the Sao Francisco Bay or 

Ctiatral Valley Bust, In general, pass,through tho GolcUao 

Gate or over tho northern end of the San francisco Penin» 

sola and turn northoas(ward to reach the Carquloos Strait. 

Tho Petaluaa Gap appears to be loss favorable for oarlne 

intrusloos and eontribut«« very little to marine air In 

eliber tho ion Francisco Bay or Central Valley. 
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As cho curie« air coves ialaaJ, it lo ooilfied by 

ito  surface over wiilch It paosos, tho nodlflcacion Ucpcnd- 

LüJ, io lar^e pare» on the ceoperature of Che unUcrlyin^ 

surface, Tho Jon /raacl8CO«2an Pablo Bays, houover, play 

aa iaportuiic role la preventing oatcaAlve aodiricacion of 

tho uarlae air as it aoveo inland, Tho temperature oü the 

vaterä ox tbeso two Says is cooler than the eurroundio^ 

land aroa during tho sussar« Uenee, air passing over chea 

will not bo nouiiiod to any ^roat oxteac« 

'willioas (1966) states that tho Bays thcaselvos are 

kept cool by tho tidal exchange of water with the racirie 

Ocean through tho Golden Cat«, '-lailarly, tho teaperature 

et  -uisua Bay vator is kept low through exchange with 

watera of the San Francisco and Can Fablo Bays, via the 

Carquines strait. Tidal currents through these restriatcd 

chauaols can reach six knots or more« 

Tidal flushing is less effective in keeping water 

taapevatures low in the larje areas of «hallow water (loss 

than 10 feet) than in the de«per areas of the Days. Fvon 

in those «teas» however9 the teaperature of the water does 

not exceed oceanic water by »ore than 150F« Thus» oceanic 

air cicvinj over the Says appear« to bo only slightly ©odifled 

before it reaches the l*od* 
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QXlzm äsU iMzs, SaaXa Ml^nsn üL Lm Ana 
In fixe  cusitaer aoatha, tii« alr toaporaCür« IncroAoe» 

fros Cho Say «jrca,  through the Carquloos 3tratc, «nU north« 

varti up cho Valloy to Cite Slcklyou Mountains.    Tao senil« 

permanent Poci'lc Ui^ci prasiure coll roacUoo Its »a^Laua 

dovclopccnt at this tlao aul JonLnatas tha area (Figure 3). 

Cyclonco rare!/ rcaoa th« CalI£omla coast,    lieteorolo^ldAl 

condition« existing alon^ tha coa»t aro charactarlzoU by 

norchvefit wlnUa, gubiiucncc, anU scant praeipltatlon (Bycra, 

1931). 

GonerilXy, .a ''Ueat trough" can ba founJ «xtceUinü 

up c.ia Central Vallay froca lUo 2onoran-Mojavo Oosart 

(Fl^ura 3).   7ha ^oa^ral preosuro ^raJlant la,  thcrolore, 

cn^hor«.    A Cesaporature löv«raioa, associated with üUO- 

sldcsoa In th* ?aolCic hl^h, Is usually located over tu® 

area.    Coolloj of the taarlne air at Its ba&a by contact 

with tho cold water oCfshore and subsldenco-Induced vzraiaz 

aloft ccwbico to strengthen the Inversion, 

Air approaching tho California coast will be cod 

and aolsturo laden due to its lon^ overvater trajectory. 

As it flews across the cold band of water offshore. It Is 

further cooled» accentuating the tempcraturo contrast 

between land and water.    The cooling is often sufficient 

to cause so»e of the moisture to condense producing the 

high Incidence of fog sad stratus along the California 
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Fi^ur« 3«    &usa&«rel8ui pr«»»ur« jiaetcmo of tho 
we« coast (WillUa« 1^66)9 



ccAfit in the succor (rÄClou, 1036). 

Itie Doroal pressure distribution for July (Fi^uro 3) 

shows tho Pacific high pressure cell locacoct voll off the 

co^Qt onU A  ttuB^nual trough located loload over the Ceacral 

Valley (Kcibur£,cc, 1961). Higher pressures are found lo  t 

north, oast, and vest« Those pressures are, in geoör^«, 1. 

«{{uillbclAKa; hovaver« aarine air over the Bay, bclnj coluc.: 

and heavier, responds to this lev pressure by Slowing loto 

the Valley« 

Tho onshore pressure gradient and channeling cfCc,:; 

of the coastal oouncaioe produces tho nors&al flow patter..:. 

to be found within the oarine layer of air (Figure &)• '.; 

corthvest winds found alon^ the ocast becoce core wester.y 

aa thoy are drawn into the Intarior through the Soldes C-t^. 

anU over the San Francisco Peninsula. Tho channeling 

influence of the Golden Gate produces a jet that »oves 

eastward but tends to fan out as it acves dovnstreao« Air 

pools off froa this videaln^ fan and turns southward into 

the Santa Clara Valley and northward into üan Pablo Say 

and on into the Petaluna Valley« Tho northward flowing 

current branches eastward over San Pablo Say and flowc 

through the Carquinea Strait into the Central Valley. The 

Strait also channels the flow into a jet which fans out, 

turning northward and southward lo the Sacraaeato Valley» 
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A3 4 rcaulc,  tbo win Jo obccrvc-i at ^Acraa^nto in ou^aor 

&ra usually ^rca thd 8duchvc&c* 

Tho coa brcQ2« alon«; the coast bcjloe laco in tho 

corolnj or early aftornoon.    At first, even lov lylnj 

obdcructlons uay act Co block the eoa brojese aa chac only 

zl\c Golden Gate servos as a passage Inland for it»    As the 

day pro^rcsacs, t;ic cca brocao layer ieepens (aco rj^or 

195';, Itaupor I9C0, and VUUaa« 1966), duo to turbulent 

aixiaj; InJucci by arurlaco heating or.J vlnJ laixinv; loauccd 

by the Incrcaainj fipooJ of tho sea breasc flow, and btfjjiaü 

to flow ovar toe lov iylayi »»ilia of the San Francisco rcai^- 

sula*    The breeze nay Uovolop frota the Hay also an«i bc^ln 

to ucvo eastward»   Tho two flows, oceanic and bay, even- 

tually »arje tod flow through the Car^ulnca ^craic arrlvir.^. 

in .'JacrÄicnto late in the afternoon or early In the ovonlc^ 
2 

aa a strengthening of tho aouthwectarly winds.  The depth 

wnd intensity of the cuurino layer dotcnaines, in lar^o 

part, whether the breeze will reach "ocra^ento and how 

intense it will be«    The oarine layer depth. In turn, is 

controllad by the height cf the subsidence inversion 

associated with the Pacific high«    Mien the hl^h Is dis- 

placed onshore, the subsidence effect is greatest and tho 

inversion reaches Its icaxl^rua intensity.    At this cluo, tho 

At times, the sea breoae cay develop solely fxca tl. 
Bay sod there will be no cociblnation of oceanic «cd bay flc ^. 



uaricc layer is very »hallow (luUccvi it way b« entirely 

cll-luatcU),    If it is present, it will be quickly taoüiCieü 

as it covüs onshore over the varticr load*    The iofluenco of 

the cca brcozo will be folt for only A cUort dixz&acv 

iulaaa«    lu auUlticu. tho shallow tiaturo of tu« cutrioc 

l^ycr prevcota it £roa Ilcvia^ over tiUo higher olcvatlu^ji 

o£ tlic coastal hi lid uhich «xtcnU norlU and touta or the 

Car<iuIOCS Strait* 

Occasionally, the ?aciCic hijz euy be dlcpluccU far 

oifshor« asJt uoJor the inriucoce of dccrcasic» subsidence, 

the carlno layer will reach depths sufficient for it  to 

s&ove inland with very little modification.    7ha coastal 

hills provide very little blocUing effect under thrse con* 

dltionö, and the uarlno air aay extend Jeep into the Central 

Valley. 

Sfisiagaial toiagaasa SlüatoLUa 
During the sucser, the tewpecaturo difference 

between ocean water and lead eurface« Bay becoce as ouch 

a* 330F or »era in the afternoon* A chart of cean stoxicua 

tcupcraturce for the oonth of July (Figure 5) ohowa the 

fitroo^ afternoon temperature sradieot» which develop alon^ 

the ed^e» of the vorlout water curfaces and the tonguee of 

cool air that extend across the San Francisco Peninsula, 

southward into the Santa Clara Valley, northward into the 
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Pctaluca Valley, and eastward through the Car^ulnez Ströl»:, 

The bul^c In the Isotherms through th« Strait le reprrccn- 

tattvc of Karlnc tneuratont through the Carc.uine« Strait 

on the avcrajci,    (June and August laothcra patterns are 

olollar to July's, fcut vlth sll^hlly lower tejcpcracurcs.^ 

It should be realised that the chart does not repre- 

sent the tcr^eraturc distribution at the saKC Irscant 

because the ncxlraun dally temperature 1« not reachf5d at the 

sacc tlr.c at all locations.    Due to the cooling Influence 

of the sea breeze« the dally caxlr.ua is usually reached 

earlier In the day at locations near the Bay than at those 

in the Central Valley,    See Table I. 

TABLE Z 

AVERAGE TIMS OF KAXIKUM lEttPFKAmS 
FROM THE BAY IN1AHD* 

Ti&o of Kaxiaua 

San «xasaclsco U30 POT 
Oakland 15^0 TJI 
Fairfidld 1605 POX 
^Acr*^cftto 1C46 POZ 

*Buoeu on 92 cases fro» Juno, July, and August 1966* 
Ttccc vrcre ostloated fron hourly observations of the U» $• 
Wcat^ier Bureau« 
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DIAPTKH XV 

^UINE AI« PE^T.iATIOH MOD'-'L 

Tha forrrcasc «ysCoa develop««! In this «tj«Jy wat 

coaacrucccJ froo a "cadrin« peomttratlpn «O'iol" which des- 

cribes Che nature of the proacuro distribution« and cho 

resulting vlnd and ccraporaturo pattoro« vhich aro b«ll«vod 

to b? related to tho adveetioa of sarloa air Into the 

t'czcra^cnto—and ro sotee extent the Son Joaquln—Vulley of 

California, Tho nod^l Involves the delineation of three 

clause« of wathor pa'-toms, each class belo.'i xelatifd to 

the subsequent presence or absence of toarine air In tUe 

Valley cad to the corresponding temperature, pressure, 

and flow characteristics typical of the elsss« 

In the chapter, an attewpt will be &ad« to analyze 

the various swassertln« weather patterns, placing tlea In 

one cf the three olcsees« Once this has been accctspll3h«dv 

It will bo possible to describe, label, and forecast ch<s 

classes usln.s an apnroprlite statistical technique. The 

statistical application of the model to the forecast systesi 

will be discussed In the next chapter« la describing ea^h 

clase In the sodel, the synoptic situation and rcoteorolo- 

jlcal conditions which occur durloj the existence of that 

class will be discussed« 
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Clasd I da/a arc associated vith a tenrral p«n«cratlc. 

oC r.arlno air into the Sacrasiento Valxey.    Tho flow of cool 

carina air causoo maxlÄua t^r-pcratur^o to be below th« 

»oaaonai ncrruil In Sacraiacnto.      Durons ^^ Class I period, 

th« eastcrti portion of tho Pacific hl^h reaches Its rA.vlnua 

seaward dioplacoocnt, vhtlo Inland, a s«*neral aroia of Icw^ 

prosourc exists over Oregon and Nevada (Flfiure 6). 

^'ith the hi^h pressxirc cell locatod offshore, subal* 

dence associated vlth tho eastern portion of the hl^h in 

at a rlnixuai and the oarlne layer reaches its Raxlfntrm d^pth. 

Marine air flovs through the Carqutne» Strait and over all 

but tho highest of the coastal oountalns In a broad, deep 

layer that Is taodlfled only slightly by the underlying 

land«    At tines, coastal stratus may be advected into the 

^icranonto River Holta aroa reducing solar insolation so 

that neither the land beneath nor the isorlna air above is 

heated, further reducing nodlficatioo of the air. 

The low pressure area located to the north and east 

result6 in a aorthvard directed pressure gradient in the 

Valley, while hl^-h pressure over the ocean to the west 

causes a well developed onshore sradtsnt.    The result is a 

The seasonal noreal renges fro« 310f In early Jjne 
to a hija of 91°^ la siid-Juiy« 



yi.iur« 
(cos^ottlt«  frc* N'KC «aal/»!s of CIAC« I 



ötrcn^ (over 11 knote)» guttty soutUv^scerly wind In Sacra- 

ocntö'« Ualiko tho wind* normal]/ astoclatcJ with A  8i-a 

b/^exo cirfulatloa vhich Äris« Uuu to surfaco hcatiog (In 

ehe ütcö-rnocn) and eneji vlth cosnatioo of that heating (at 

sunder), tho v.&xinti  pocstratlco boglns at an/ tlino wlwn 

tba synoptic situation Is favorable ana aay continua thro*.., 

out day or night« The Intooalty cf tho penetration is» L- 

lar^e part, Jcpond^ot upon tho depth of tho carlo« layer 

aad Intensity of the south to north prss^uro grodiont. 

Aloft, a doop trough of lo« prcssuro ovorllos ths 

area» 7ho  flow Is voll organised and quite strea.j fror tJ- 

i;outhvcst balow 10»OCO feet« Tho oouthweaterly flov on th,. 

oast side ct Che trough uay roinfore« tho surfac« windy oo 

tho Initial day of the ponotracion. 

The earine peootratIon nay be a brief» one day» 

occurrence or it nay continue for several days* Usually» 

tho initial penetracian» aeccsrpanied by strong» gusty wind., 

will fill the Valley with earine air« On succcedin days, 

tho tcsperature will reoain belov th/i seasonal normal but 

the wir.ds will be much lighter from the southvoat or» quite 

often, fro» the north (fro« 290° • 330°), While it ffilf.;ht U 

expected that north winds would prevent narino air from 

coterinä fho Valley through the Carqulnet Strait and» there- 

fore» vltu tho absence of sarino air» result in varain^» 

this Is not the case» The flow is the result of the absence 

J 



or tho aubslücnco lovorslon, vMch, trith tho retreat of tha 

Pacific hi,;h has been destroyed, AIIOVS nortacrly Clew on 

tho vest ciiin of the trou^'i to reach the surface. Tho vlnd.i 

a-vocC cold air scuthvard fro:» northern latitude«» «nd <;:o 

not  result in vamln^ but tnstead cauao cooling In the 

Valley» Hence, the lowest raxlenra t^tnjxrratura tsay be. feuou,, 

rot on tho day of the Initial penetration, but on the day 

2 attcr« 

An lncörestln3 feature way bo found lo tho raaxlicuta 

trtTpcraturo Jcctheria patterns of Clasa I (Figure 7)»    The 

Jet-like penetration of cold air through th« Carfjulnea 

Strait thrusts deep Into the Valley before fanning out to 

north and couth»    Th« result is a larjjc pool of wara air on 

tho lea side of the Bountains to tho north and occassionally 

to the south of the Strait.    The sarlno air actually appear- 

to enter Cacrar^nto fro© th« southöast rathor than the 

southwest,    Tho   'loo side affect** causes cartne air to l** 

delayed by one day In reaching -oodland, Davis, Vaec/ille, 

and soffiotlswrs Clarksburjj.    tlhewise, the marine air la 

usually one day late lo leaving these areas at the end oC 

the penetration.    The pattern shown In Vijure 7 Is cwr.en 

to almost all Class 7 days. 

2 
North vlndc r.ay also bo ascociated vlth caxlami 

tccperaturcs that arc above the saaooaai normal, as ais- 
cussed lo a later section« 
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Table II, st tho end of this chapter, gives A coupleto 

brc&doya oi  tho criteria Cor tlui various classes. Class J, 

icoluUin^; tho Class X associated oorth wtods, is «icsl^ratci 

hy a "1" in the forecasting s/steo (see COIUKSJ beaJed X^ la 

Tablo 12 cud sea the footnote at the bottoa of Table IX for 

a &>finitioa oi  A7>. Tables XIA and B» located la the 

appoodix, prasooc the vertical structure and pressure data 

upon which tho discussion io this chapter is based* Tables 

XIIA cad B, also in the appendix, present the variance of 

the data shewn io Tables XIA and B* 

£1£12 II 
Class IZ cay bo described as the true sea brecso or 

the ^oa brccsa shear lino situation* Kaxiau» daily tempora- 

turc« are equal to or &roater than the seasonal normal in 

SacraaenCo during the sea breeao period. As the sea brccao 

bCtfina early io tho afternoon» temperatures begin to Tall« 

Kit'a  the ooeec of darkness» the sea breese dissipates» The 

class cay bo divided into three groups» tvo of which are 

quite siailar is effect but soacwhat different in their 

aausa« 

All groups represent a slight shoreward displaccaent 

of the Pacific high with a correspondins increase in sub* 

sidesce and lowering ot  the subsidence inversion* Tho 

resulting decrease in depth of Che marine layer allows loss 
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ccriao air to pcnctrata lolaad raeulcla^ la oa  Iccrcarcd 

rate of aoUlflcalioa* As tho «Ario« lAy«r deptä dficrca£as9 

It ddocGflUd Ictlcu tho higher Kouatalns to tb« north aod sou... 

of th« Carquiacs Strait, so that oot ooly a »hallovcr but 

also a loss «xteasivo sarla« layor stoves into the Valley. 

HovcrtUoloss, the carlo« layer Is still deep oaou^h to rsac 

Sacraasato lato in ilv*  aftcroooa as a ©trcojthcrtlci of  tho 

provalllc^ soutLuoctorly vlaJs. 2f aortb wiouo aro occurrl.- ; 

la too Valley, they will bo replaced by southvoctcrly flew. 

ihc ciiorcwüvd vlisplaccucot of tho Pacific bl^h ostab" 

llshcs a weak rldjo over V.'oshla^too, vaile the tutcrlor Vail , 

Is dominated by Doxlmua dovelopooot of the thermal trough* 

Proccures are higher to tha sortb aad east (as opposed to 

the low pressures of Class I) so that the general gradlcat 

Is directed Valleyward. Za the &eaatiiset develcpaent of a 

deep thoraal trough la the Valley coupled vlth the onshore 

loc^lioa of the high pressure cell iacreaseo the oashore 

gradient« Pressures la the north end of the Valley fall 

rapidly under the lotense beatlag, creating a northward 

directed Interior Valley gradient by early afternoon. The 

oarlne air responds to this situation by Boving Into the 

Valley. 

The Class 1IA day is the true sea breeze case. In 

the forecast systoa It will be designated by a "2" (see JU 

la Table II). ttespoadloj to the inteas« heatlag of the 



lotarior Valley, Bar las air cu>v«o tlxcoa^h tlic Corqulnt-z 

StxralC fiod £lcvs corttvard, arriving la racrfixcoto betvccn 

l^CO csd 1C00 hourA ?3T A« £a abrupt Increase to II knots 

or aore, with streamer guccs, lo Lh* •ovithvedtorly wind (ir^-) 

21^o-250o), T1-.0 u-jvsraturo bestoo a rapid Ueollao. As c .- 

set approaches, tuo wioda Cooreaso to less tbao 10 kects i- 

ccollo^ ^Sostroyo tbo ßoa brccsa oechcalfta* Because the 

brccsc arrivoe co late, oaly salsor reductions la the »aale--.; 

temperature occur aad tesperatares still reach corual or 

abwvo» Class IIA is the rarest of all veatber types to 

occur in Sacrascnto« 

The «iooorlptloa of Class IIS is auch the saao as 

Class IIA, ISovover, due to a sUallover aariae layer, 

lessor cashore gradleat, cad higher pressures to the north 

aad cast, the oca breese arrives in Sacraacnto In highly 

codified fora. There is only a slight iceroase la the 

ccuthuestcrly dads to s^^ter than 10 knots, with no 2us. 

end temperatures only slightly affected if at all,  (Ihli. 

is usually caalfcst as a brief delay in heating until the 

soa brccsc passos through.) The sea breeze usually besinn 

later In the afternoon then doe* the Class IIA wind and is 

usually of only one or two hours duration« The flow is no 

^The Class HB wind usually reaches a speed of only 
12 or 13 kaots« 
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Ior.£cr & CCä brccre at «II and n&y better be torr.Osi a "ac 

brccsc shear lino»" as it represents all that reealns of 

a L&lghly ooJlflcU cca breeze« Because c£ its ciuiaal effw.v^ 

en Socroccato's heatic^ aad winds, the overall pattern 1c 

euch like that of Class IIZA (see next cectloa); therefor^ , 

Class IIB is grouped with Class III in the forecosc eystc 

oad Is dcsi^nateU by a '*3M. The Class HE day is the 

cost frequently occurring weather typo in Sacramento durlr 

the cu^-.cr, 

Iho physical description of Class IXC Is touch like 

that of Class IIAj tliat is» an aftcnaoon increase of the 

southvestcrly winds to 11 knots or store, with )~us^0* ^acS - 

r^plU decrease In temperature« However, instead of decrc- 

slng at sunset, the wind usually continues blowing at 

greater than 10 knots throughout the night and develops 

into a full marine penetration (Class I) by early morning. 

For this reason, the Class IXC sea breese has been labeled 

the prc*oarlne penetration sea breese» It Is the result 

cot only of Interior Valley heating and weakening of the 

surface high pressure ridge but also of a general retreat; 

of that ridge with the attendant developacnt of low prec.;..-es 

to the north and east« The levering pressures allow a cc~~ 

ticued northward directed gradient after the sun has set; 

hence, the continued flow of earloe air Into the Valley« I'or 

class If leat loo purposes. Class IIC will be designated by «i 



"2" la the forccÄCtlo^ «yöUa, 

Aloit, a weak rld^o or a chort wave trough cay * , 

found in Associatloa with Class IIA and 1IB; hav«vart Cic«- 

IIC Is acsociatci with chc oatot of aa upper level low 

pressure trcu^h which «ic«pens aad IcaJa to Class Z*    ^'iöu« 

aloft below 10,000 fe«t are wall d«vdlopcU freu the sauch* 

vest ar.a usually quite stroas for both Class IIA asd IIC, 

vhllo £cs Class I13# Cha winds ar« li^ht and variable. 

'Xclovlsica tower winds are ^casrally light in tha ajoroias, 

bat cay be soaewhat screamer in the artoraooo for all thrci- 

classes*    Occasionally, a Claas IIC sea breeze »ay occur 

after a u.arine penetratloa instcaJ of before* 

Oagg III 
Class HZ dofiaos those situations when there is 

cither no oarine air la the Valley, or the oarine layer is 

so shallow that solar heating ooiifies it before It reaches 

Sacraoeato* Za either case, daytica suuleua temperatures 

la Sacramento are above the seasonal aomal« 

Claus ZII tsay be divided lato two groups. Class XXL-, 

which represents daylong southwesterly flow of less than 

or equal to 10 knots at Sacraitcato, and Class HID, which 

represcata daylcn^ northerly flow* Both groups represeat 

a shoreward displaceacnt of the eastern portloa of the 

seal-poxmar.cnt Faclfic h^b pressure cell (Figure b). 

J 
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rcsult:li33 la IccrcAsod eubsldcoco and A correSTcndtn^ •-. 

ji fleet Ion cad  lovorin^ of the subaldenc« loversloti* VV. 

üciceadln^ Invcreton confine« the marine layer to en rve/ 

cccrcaoln^ depth and m&y  ollmlnato It Altogether. The 

ci^rico layer is, therefore, rapidly modified es It aovet 

onshore end e&nnot roach Sacrec^oto In cplte of the aJvec«* 

clve effecte o£ the Il^ht southvest vlnio of Class 111A, 

As the intenslfylnj Invcralcn lowers» It descends below tK 

level of the surrounding Coastal Mountains leaving only f. 

oerrcw passajo through the Carqulnea Strait available for 

uarlna penetration Into the Valley* This further reduces 

the extent of carlne penetration Inland» The northerly 

winds of Class XIIB evaep the Valley free of carloe air, 

pushing It westward through the Carqulnes Strait and out 

to sea. 

la« Class 1IIA day Is associated with a rld^e frou 

the central high pressure cell extendlns inland over Ort^ci 

and Northern California, creating higher than normal 

pressures to the north and east and balsnclns the usual 

onshore pressure gradient. Cradleots In the Interior 

Valley are veolc or nonexistent. The existing pressure 

distribution causes weak southwesterly winds (frea 21Ü0- 

250°) of less than or equal to 10 knots la the Valley, 

Occasionally, a cell of hl£h pressure will extend 

deep Into Nevada completely reversing the onshore grodlcn» 



C2d creating the northerly vlnde (froc 3^0-030°) of CIUJ 

1113, At this tltaO| tho Interior Valley grailent iß wir«c- 

tci froo north to south. As the northerly Hot/ itaflceadt 

the alopefl of th« Sisklyous and Slorra Reväcias, It io 

varaad aaJ dried «dlabatlcally produclns very hot, Jry 

voathcr In th« Valley. 

Reaaoborinj tho Class I assoclatcJ north winds. It 

cd.'i  be said that north wind« produce varain^ in the Volley 

only If they are sradlcnt induced (Class HIS). If they 

are associated with a trough aloft (Class I), they produeo 

cooling« 

Aloft, a high pressure rldje overlies the area 

during tho Class III period. During Class 1IIA, flow .,:. » 

bolov 10,020 loot Is ll^ht and variable as are the wir..:.; 

At tho tvo levels on the television tovcr. During CI- J 

IIIB, flox# aloft say be light and variable or quite veil 

developed from the oorthwest* north» or northeast« Vl^-JI; 

on the tower are a^aln ll^ht. Class IIU. and IIIB will I - 

designated by a "J*' la the forecasting systeo (see colus^i 

headed Zj  in Table IT), 
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TASLT II 

CU^XflOilOK SHitlXH 

9CMSO-2700 

• • 
00 #••• 

><normal « 
< son&al • 

I       .. 

., 1IIA or II 
I      .. 

270-3£0-^0 

(aortU winde) • • 
>-oorccl • 

< oor&iAl « 
••  III3 

I      •• 

The parasctcr X7 i& Jaxlacd by the ree^öettvo 
dlocrcto classes chovn lo tho Above table*    Its purpose Is 
to proviU« a eonttouous voriöble Cor uso AS a pradlct&aJ« 

J 
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TKS FOUKCAÜIIIW ItCttNIOUfiS 

llxo ica fcrcc*c—aarinc pcnc-:ration has boo.n cstabllsho-i, 

aiiojld bö poaiible to use the wcsiel to develop &i3 cbjccc. 

forecast aystca,    Sclore  tue C^SHQAH üyvlcz c^u be Uevc.- 

c-ped, Uwwcvci*» a choice Kust be u.aJe as to wbicb u.etUod ^' 

statistical aadly»i3 1» best sultei aau ci-ec ccavenlcat  »  h* 

uac.    Thr*o ötatiötlcal  tcchnic.uca were cx^-.-inoU beiorc 

this cholco was ä.adfi.    Ite followici, ^i«cusslon vlll 

ojtlioc the auv£2t<itoe& acJ ^iaaJvastajäs of each,  IcaJl, . 

to t^c aclcctica of the cetUod employed in this Äta-y, 

la ^eacral, the proble» of Ucvelopia^, a steel .ti ...I. 

loräca&tic^ procedure requires dttcrmJctotlc-o of tbo 

fuuetioual rclaticachlp betveen a r,predictar.d''  (the. -■..^. .. r 

variable vaicU is to be predicted) aad a ouxber of 

"predlctori" (the meteorological ceasuretseats believed .o 

be related to the preJlctacd at a previous tltae).    Or!  i/.i 

fuactioaal ootatloo,  it le desired to datcreloo 

where tX^)  Is cot kaown. 
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The caLbcciatlcally ^oot CAClofyio^ »«tlio«, Iir.c-»- 

multiple rc^rcsöico, rc^jircs An Aasuapticn thai clu; 

rciacioa&iilp between tlic torci» is llncai*» or can be uaJe   -J 

b/ aa cppcoprlato trau^ror^ätiv:i et' the prcwictcc variable», 

wiöcj,  io ^er^vil, »fcörcorolo,jic«il rclalionthlps ave Lijüly 

ncn-lincai:, iaU io tiile cacc Aria cot Unc^n, a ^ccat cUal 

c^ pr^Ilaioary aaalyiic would be rc.-;uivcä la urdcr t^ 

cctcraäioe thö foara of tha rslacionshlp.    Furtiitniorc,  th'. 

lieterKiaatloo o* the ra^rtsjioo cquatica itcclf wowld tl • . 

require cxiiÄüfiClvc wC5k»ccaputcr acalyeli ^iJ/or Che iVö:-- 

abilUy of clactrcnic cozputln^ equip^jnt.    Tiaally»  it h 

cot becc the general experience cf oth*?r  ir.v^cti^^tors 

that such technique« pre-uuee core satisfactory results th-... 

eiKple graphical öiethoüs (Puaofcky,  I96i). 

:>uccöfifilva  etratlficatica is a relatively ßlapl« 

etatictlcal scthod for aaalyziaj; data, «fipocially non- 

linear Jaca, vhcreln tho lovcatl^aior ^roupa all of hie 

data into Jlstlncc classlflcatlcna.    tl«rcio lies the chic-; 

fajlt of the syotea.    Hie investijator gradually work* hi* 

vay to a point vhere he has uec>i all of th<? relevant 

elasslficatioas, yet there aay etfll be soo« ilata rcuainl;-.; 

vhich ■■iüza cot fit any of these ^roupin^s,    Tho problea, 

then, i& what  to «io with the rewaioio^ data«    If it Is a 

relative*,/ eaalX portion of the sample, the temptation 

arises to os^lecc It as bein^ so rare that it is not 



particularly ic-partant lo inJicatinj hb'w the prcJlct. ... 

will x«act,    Jluwcvcr,  it  la just  thcee rare cc.-.Mndtlc-. 

walcli tuiy preccUc  iaportÄftt tt^teorolcjlcal phenosena tl..- 

Hit   i^voKti^ütor viohöS lo predict,    '^n the oti or ha^.J,   If 

the portion of Uata is relatively lar^e,  c'.;a Irivrr-tl^aco." 

ic tc-tccU loto cithex: ße^lcctla^ a lar^e portion of hit 

ea^plc oi: devlolt)^ new classliic^LIons. 

Succcölvü ^rapUlcal r^rcsalon Involves the cocbi.-.,.- 

tioa oi' succccsivc pairs of prv^iictora, oach pair  Jctcrr..;..- 

ia^ aa «atLuatc of  the value Oi.  the pr^iictanu.    '..'I-.ca »c~. 

ihaa a slojlo pair o* proJlctora is usoJ, the Initial 

catieatos aro aiuillarly paired, Jetcixlnin^ a new oüilc^. - 

of the value oi!  the preülctonJ lo which four preilctor« V    'o 

bec-o coaMnea,    lo  functional notation  this »ay bo oxprc-    a 

The aivaata^oi» of this cctlxod aro nu.ucrous.    It 1. 

relatively ölcplc aaJ faat requiria-; no cquipcioinc other :'.sja 

pencil oni jraph paper.    Unlike linear multiple reßresaioa, 

no assumption as to the catur« of the rclatlcncl^lp betveen 

tesrsa la rc^ulr«i.    la Tact, the data are uceJ to <leterseJ.-*'■< 

the Tore oi the relationship, thus eltclaacin-  the nravi lor 

excessive prolialnary analysis or Involved calculations of 

the rc^rosaion equation.    Cnce the data have been plotuJt 



cxtä analysed, an idea as to tha usefuln«8« of the prcU 

tor* 13 available.     If tha  laoplechs on a ;riwn tiia^ric   -r« 

nearly horizontal or vertical, on« ot  tao predictors U« 

no cif'ect on cha preUictau^.     If tao pre-Uictand ir icu'c     ^cd 

ranusiTly on tae Ula.-ra^, with little cyscctoiaclo tr/iu , 

neither of the predictor» on  that particular dla^rc-i  *'. 

uroful»    Other characterlaties of the »ataou  include tl. 

c.   cct of the order of oonbination MT th» preJictore,   » 

is,  different combinations «ay ylrid different   forecas 

valu<»» of the prcilctaod.    ThiK  is a disaJvanta^e ot  th 

cothod.,     In general,  theee combinations vhich, en  ti;o bc^.w 

otf physical reaconlo^, see» to have a joint  significance 

should,  of course,  be paired.    However, while the cetaovv- 

lo^ical validity of this Initial relatioachlp cay be 

juotlfied In this ranner, the cocplaxity of tha secondary 

comMnattcns generally defeats any attempt to analyse t. 

relationships on th« basis of a possible theoretical 

corncctlcn (Panofsky,  1963; Air Weather Service Manual, 

195S).    This was the tBethad finally settled upon as belr ; 

tnoet  suitable for this study. 

E,V;-^-'«^<U. 1SL Hactne Penfttratioa 

iytficd,    lae iirot forecast attcupted was the 

occurrence or noa-ocourreoca of the s^rxoo po&atiracloo. 
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Using thm baal« i4mm§ 4«««l«p«d 1« thm mmrimm p«D«tr«tlon 

■od«lt •!« '»•rlabUi wf «hot«« At |»r«4i«tert of th« 

p«o«trfttlMit    Ttot« varUfeUt» •h9m im TabU HI, w«r« 

sr«phU«lljr t—bt—4 ■•!•• MM OMMMtl*» tr«phle*l 

rogrtttiMi ■•tb«4(. 

TABU ttl 

KUaVB rtlRTIATIO« WWiniDfKT fARIAlUS 

fre«tur« d'fftreae# P0I»Sf0 (X.)      v 
Pr«»fur* 41f£trfMt Ri0*U0 (xj)      Tl 

InvtrilMi btM prattttr« (X.)     . v 
Sin; wind tpoad (XJ)      T2 T5 

?r«fiurt dlfftrcn«* KBL-SAC (X,) 
2* hour 1000-700 ab thick»«•■       <x2) 
OAK '•' 

h 

thm  Clrtt pair •£ pr«4Ut«ra «boM» war« th« 

rortlaoa» Orages • Saa rcaaalMot CallCaraia (F0£»i»f0> 

aad lU Btaa» Bavada • Baocaaaato, Caliloraia i*iU0***c) 

prtatur« dlfiaraaaat« Tba varlaoaa at Cbaaa prodlators 

lot  tha varlava alaaaaa aaf ba Caitad la Tablas X1U and B 

la tba appaadla* Tbaaa pradlatara «ara abataa at balos 

r«pr«MoiatUa a£ tba aartb»aaatb aad aatt-vatt prattura 

^radiantt ratpaatlvalp* Ac cacb» (bay ara ladlaatlv» of 

tho ptocaaoa or lack af a rldfa la tba Oragoa^Navada aroa. 

Poaltlva valuaa laplp aa aarlaa paaatratlea, «bll« oogatlva 

vaiuai ladlcata paactratlaa* Tba aaablaatlaa af that« 

varlablas jlalda lb« •ctlaatc af tba cttaagtb af tba 



Al 

aftrlM ptottratUm 4tfittt«t«d T«. 

Th« tteond p«lr «f frtdleCort war« th« Oakland, 

CaliforoU (OAK) Iftvtrslon bat« praaaur« «ad th« r«irfl«ld9 

Callfernl« (SOU) «lad •f««d («attAÜMd vlnd •p««d ooly, 

ijuatt «r« «et t«k«« ist« «eeomic)« Th« v«rl«nc« of th« 

0«kl«ad lnv«r«lcm t>«M pr«tfwr« for th« v«rieu» «laatat 

stay b« foood in T«ht«a XIIA «od B« Th« fnv«ralon b«a« 

preaawr« repr«a«nt« th« d«pth «f th« «arlo« l«y«rt vfalla 

th« r«lrfi«ld wlod ap««d provldsa «a indteatlon of th« 

ptoxlmitf «ad rat« of flev of th« aarl«« air aa It pan«* 

trataa throofh tha Carfalaaa ftralt aad lato th« SacrasMato 

Rivar Oalta ar«a» Tha a«ahlaatloa af thai« varlabUa 

yitldc  Yj. 

Tb« float pair of pr«dl«t«r« trar« th« Red »luff, 

Callforala • SaoraaaatOi Cattforala (tBL-SAC) prcaaur« 

dtffarene« aad tha 24 haar thfekaatt «hanja (1000«7CO nb) 

•a vaaaurad froa tha Oaklaod radtotoada ebtarratlon, Th« 

R#d Bluff • Baoranttito proiaora dlfforaae« raprasanta th« 

iBttrlor ▼all«7 pratattr« sradlaet« aaarly «aro for Claaa 

III bat aagatlva far Clatt I, «hila th« thfoksaaa ahao^a 

jlvea a awaaar« of tha aold alr advoeclo« lato th« araa 

providing aa ledlaatiea af tha potantlal for trough davat» 

opwant aloft aad, tharafara« af Muriaa panattatlon, 

Ccnbiolnt thaoa aariahlaa flaid« ly   All data aara 

oollaetad fraa tha 0300 haaiB fWt ahoaraattoa. 
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laltUUy, vAtafti of X^ «ad kg irara plotted oo a 

gcottorgraa. Oo this dl%ivtm9  volvtt of X. fro« Tobl« IT, 

Chapter IV «oro talmlatad» TKo data ooro thta  amoothed by 

averaslns groopt af too data points, oad Iseplotht of X, 

wer« drawn« The ttoplotlii, dooottd by T«9 roprotcnt a 

prellwlnary atftlnato af X«. Siallarlf, th« othtr pr«dictoira 

v#ro aonblaodi Tj roprafontt aa «ftiaata of X. predicted fro« 

th« irapb with Xj oad «^ a« «oordln«t«tf «ad T. an «ttlvat« 

of Xj froa X. and X*. 9«xtl T. and T. oar« eoablned, at 

function« af four iadopoadaat variablat9 to ylold T^. 

Th« final grapli, r«pr«««ntlng th« ooablnation of 

Y^ and TA, prodaewd th« flaal foroeatt of X^, dtnot«d by 

Tj« Ac tool ealao« of t^mj and eoapatad valaat of T^^^ 

B«7 be found la Tab!« Xlll la th« appendix, fIgor«« 9a-« or« 

th« foroeattlaf fraphtt Ta aaka a forooatt, en« »«rely 

d«t«nDin«i th« valaa« far aaah of tha laltlal pradletor« 

and «nt«r« the«« aal««« aa tha appraprlat« graph to obtain 

Y^( Tj» and f|. Thai« aala«« ar« «Md la th« suce«edlng 

grapht to ebtala T^ aad t^. 

Tot val««« «f Y.t th« fallowing aoala «a« ut«d to 

provide a b«ae «ttfaat« af tha tbvaa eatagorl«« of narlnt 

infl««ne«-*t«a«rally rapva««afa4l hf tha thraa el««««« of 

tha aarlaa paaatrattaa ■Mat« 
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Llttl« «r MI ttttrlM 

1 

IU «nil C 

X1IA «id B 
«Ad II» 

tomlif»    Xttmr the fe>r«sAtCl»i 4l^gr«Me ir»r« «oo- 

8tnict«d# t«i Mt« »f dat« (th« •rifUoi Mt fro« 1963 

«od 1966 «Md f ««••tmat IIM grayhs cad m lnd«p«od«nt 

•MBpU fr«i 1964) ««r« «Md t« chaofc th« McvrMy «f th« 

dl«iCMa«   TM v«lldlt7 «f th« dU«rM« «Mid thu« hm 

«xanlnci Vy t<mp«ring th« MMit« g«l««<i frwm uting th« 

dtpMdcat •««pi«.    Si»«« th« MMIC«« «tiBg th« tve ««tt of 

d«t«t «MM oot too di«ll«lUnr9 it VM MMMd th«t  th« 

for«a«ft dl«grMt ««ff« v«Iid.    I» «ddltlM» by ««lag both 

th« d«f««d«at data a« ««11 a« «a iad«p«od«at «anpU, a 

total «f thr«« y««v« data ««f« «Md is d«t«ralolag th« 

validity «f th« di«gr«a«, 

Looktag first at tha d«p«nd«ot data •«■?!«, loMr«! 

thiag« oaa b« d«t«»lD«d fro« T«bl« Hit*   T^ is • highly 

««rlabl« pr«dletof MbJ««t t« rapid «ad Mddaa «h«og«« b«tv««a 

prodUtloai «f a« aariaa p«B«trati«a Md «aria« pM«tra:lM« 

It !•, th«c«f«r«ft T«ry «Mf«l la prodletlng th« ohMg« 

fro« «•« «Uat t« tha athat»   llailariy» T| ia alM highly 

vailabU «ad» tharafavti « g««d taraoaatat af ahficg«.   t^, 
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on fh*  oth#r luad# it «XtrtMly ««mMrvatlT«. For th« moat 

p*rt, v«liMt of Tj tradt» c«ot«r ahowt «• X^ TAlu« of H2M« 

T«bU IV4 it a ojaptritca of forttttt oocvrrraott 

of ty  Co tho ottool otoorrtooo of lj botod oo tbo r«tultt 

•hooo ID Ttblo XII1, At otn b« toto» thoro «trt H ootool 

ottot of Clttt lt 17 of OUtt 21, tad 72  of CUat It!« T1 

tn4 Tj oor« tuootttfol it forottttlot 30% or ooro of tho 

ocoorrcneot of Clott X tad XII« lo««vtr# thmy «oro quit« 

iratticotttfol is forooottlai Cltit XX» T«, oo fcho othtr h. >'it 

«at oorrttt «or« than 501 of tho tl«t la ferttattlaa CUa* 

IX although lott atoorata la forotattlog tha tchov tlatttt» 

It it olttr0 thoaf that Tj it tho bott fortttatar of tht 

tot hrotto tad it aoodod if toth a forooatt it to bo aada* 

Tho ooabiaatioa of T| aad T| yioldod aa iantdlatt 

laprovoooat la tho forooattltt of both Clttt I tad III tod 

alto lottottod tho aaaoraty of tho T« forooatt tf Clttt Hi 

howovtr« thtrt «at a ttrrttpoadlai dttrtaat of tho toourtoy 

of ty  ia ftrotattiaf Clatt IX» Tha eoablattloa of T2 tod 

T4 tgaia brought aa iaprootaoat to tho forooatt of Clatt I, 

a tllght lott of aoouraoy ia tht forooatt of Clatt ill, tod 

ao ohtngt la tha aoouraty of tht forooatt of Clatt XX« Tho 

ovorall aoourtoy aftor tha additit« of T^ to T^ «atv houovor« 

iaeroattd« rrta Ttblo XVA, it ifptart aa though oath 

prodiotor f*i* otatributod tigaifiotatly to tho iaprouo* 

■oat of tho forooatt« 
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Both th« p«r M«t torTMt Md Ch« »kill  tcor« v»r« 

co«pul«a M ihowi  in T«bl« V«    Briefly,  th« r«Mltt 

«•mi 73X t«rr««t «ad «skill «oor« of •3I* 

Th« Ud«p«od«ot MBpU of 60 ««Mt fro« July ao4 

Aujuit 19*4 «M «xAnlaod.    Th« •«■« prMtdmrts iff 

folloMd with «iMllftr r«MlC« (•♦• T«bU m).    Agmlo, Y3 

correctly f«r««««C Cl«t0 IX  (!• f««t  It hit « fh«aoMQ«l 

IS out of 16 of th« Cl««« IX ocourroncot).    T. «ad T^ %roro 

«g«la b«tt«r th«a SOX la for«««ttlai 01«atot X «ad III. 

T^ thovod « fls«lfU«at l«yr»o—tat oror T| la th« Claat 

It foreoatt, afftlU «(«la th« CU«» III forecoot tufforod « 

drop la oocorocy.    T^ produood « aovo «oeur«t« foroeant on 

the «hoi« th«n «ay of th« othor foroooots, «coriD« 37 out 

«f M foroeatt« «orroot* 

Tho «oatlagaaay toblo ohooa la Tahlo VI yloldod « 

por «oat corroot of 701 ahlU th« «hill »cor« ««• .61. 

This opp^wreot "laprovoMrat** «vor th« dopoad«at d«u !• 

boll««td to bo « oou^otgalf UÄt v«rl«tloa( « cal-tquor« 

tost of tho dlfforooc« la •core« ladle«t«d thlt to b« tho 

««M«     T«bl« X2V la tho appeadis ahov« th« «eta«l dot« for 

hlhiU th« validity of «totlatl««! tost« of thl« 
klaii «a MUoralotUal data la ssasahat «a««rt«la. th« 
rasalts la this •««• ovppoxt th« latultle« foellag. 
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o 

TABU f 

MUin rttfRTiAtloli roaüCAST nrriioiiMT 
DATA CO«lKEIICTf TAIU« 

FORECAST 

1*0« 
1*1 

1.4. 
1*0 

l 1} 
(IM) 

t 

10 1 4| 

1 1 
ciN) 

1 17 

1 4 • 10 39 
(J4.t) 

71 

40 1? U 1)9 

u* CMI c*m«ti    ^i i leo • 7n 

skill umi jtertJULjomtt,.* JM&Jautoi Stmat 

♦Oa «11 twtiauM? i«bl«i, th« o«.h«r» im p«r«ttth«i«s 
la A ¥os «rt tlM Msb«r of ««•♦• «liUh WM14 otcitr br cb«a«« 
to  that  b«xv teMi m Ih* MTlilMl  tOCAl» •! tlM  t»hltt. 
ItMM «M Ifa* *■■■!■! MfMM MnMI1* !■ tlM »kill  Mor«» 
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TABU VI 

MMIRI! PRRftmilC» ruftZCAQT IWriKUfKl 
BAU O MT1M0' MCT TAiU 

FCRRCA3T 

l.S 2.1 
1.4- 
1.0 

l 10 
(1*1) 

1 0 1) 

1 1 11 
O.f) 

1 u 

s 1 7 23 
(U.0) 

31 

11 IS IS •0 

P«r CMS U*9—i\     Jl   X   100   *   751 



XJ^J mad T1->s for th«  Udttpvnd««!  •«npU« 

-J 

Hctüo<l>   Tba for««Attittg tflAgraat for doUralolag 

th« «Uilwy t«cp«r«tMr« vor« d*r«l«p«4 1» th« MaM »*on»r 

*• tboM «Md la forMMtUl thm «orln« p«o«tratio«.    In 

addUloa» «ooaaUaUf tba MMM prodlotora «ara oaoJ, 

altboufb la oowovhat 4if foront aoa^ioation« «ad vlth aoa 

chang«.   Bora, lattaad of ntiag tha aaala valtta af Xj (i, 

2« or 1)9 tha aatual ■titaw toaparatura that ooeurrad on 

tho day of tha oboor^atloa ««• plat Cad aa tha taactargra« 

aad aaalysad« 

Iho tadapaadavt varlahltf «tad ara ahowa la Tablo 

VII.   At aaa ba aaaa» tha laltial pair af pra41atori# tha 

Fortlaad • Saa Fraaalieo aad Rano • SacraMato pra^fara 

dlffaraaaat» jrlaldad 2^*   Tka Oaklaad lavaroloa b«i« 

ptatfufa aad tha Rad Blaff * Saataaaata praasara dlffaraoca 

«ara aoablaad aa tha aaaaad diagraa ta ylold Z^   riaally, 

tha Fairf laid iriad apaad aad tha 190 ab taaparatura 

(radaaad dry adiahatlaallp ta tha aarfaaa) froa tha Oakland 

radloaosda oh»arvat ion aara aaahlaad ta ylold ly   Agala» 

all data «ara taken froa tha 0300 hoara Ptff ahtarvatloa« 

Tha 130 *h taaparatura raplaoad tha 1000*700 ah 24 

hoar thlakaaaa ahaaga haaaaaa aa aaaft daya it aaaaad ta 

«orrouto ^aita «all «ith tha ahaartad «aat—a taaparatvra 
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la fAcmento*    Ott »Ott <*«7».  »urf«c« h««tlOf ocoure until 

the c«ap«rAtur« rt«6b«f tb«t »f th« 890 ab Uvel,    Any 

furth«T; haaclig ptidmH toavattif« alxlag «bUti tpraad« 

tha Kf at througli a 4««f lajar at tbt ataatphara retard tag 

farther haaftlag af ?ha tarfaaa U^im. 

TAiLE VII 

MAIIKUM TEMMKATVIB XBDtffJIOSlf VARUBUfl 

?r«f0ur« dlfferaotfa pnx-sro (X,)       • 
Fr«ttura diff«r«aaa MO-SAC (xi)       sl 

Invtrpic« b«M prttfara OAC (X.)       . 
Pratfura <llff«rtaaa tlUfAC (xp       s2 

SUB «lad tp««d (XM)       , z9 
•50 ab taaparataxt (xj)       *| 

TIM valaa» af Zj and Zg wara aoablaad to yield 2^. 

Zy «ad z^ «ara aoablaai ta y'«ld zJ0 th« forceatt of x7, 

Tha foraaaatiag dUfsrau ara ilMaB la flgartt XOa-a, «blU 

tha aataal valaa« af x^, Xg9 aai th« «o^mtod valaa« af 

ZJ^.J ara thowa la Tabla XV la tb« appaadla* 

Hotult»»   Agalat aa altb tha aarlaa p«aatratloa iotm- 

cÄ«t, faa «act af data «ara a#ad ta «hock tha aeauraay «i 

tha di*gr«»ti hawtvav» tfcli tlaa th« la4aprad«at data 

fraa 195I»   Fraa laekiag at Tabla IV» It aay ba datar* 

«mod that l| tad S| «ca tha «ata «arlabla p«r«Mnt«r«» 



• ! ~ il
 

~
 • 8 ~ ~ 

8 7 6 5 4 3 2 1 

R
 

-1
 

; .. .. ! ! -·
 

85
 

90
 

95
 

10
0 

0 

10
0 

75
 

... 5
 

o:
:L

 
-6

 
· 

I 
1 

I 
• 

I 
1 
~
 ~5 

1 
I 

' 
I 

' 
I 

1 
I 

, 
I 
,~I

 ' 
I 

1 
• 
'~5

~ 1
 

• 
, ~
 , 

I 
, 

:~5 

-5
 

-4
 

-3
 

-2
 

-1
 

0 
1 

2 
3 

4 
5 

6 
7 

8 
9 

10
 

11
 

12
 

13
 

PD
X-

sF
O 

P
r
~
s
s
u
r
e
 

D
if

fe
re

nc
e 

in
 n

il
li

b
a
r3

 

rt
,v

re
 l

O
a.

 
M

ax
!•

ua
 t
c
~
~
a
t
o
~
 
f
o
r
~
~
•
~
t
 
,
r
a
~
~
.
 

U
t • 



• ) ... ~ " .... • 8 0 k G
 

\.
4

 
\.4

 .... Q
 5 • ., G
 &: 0 ~ ~ 1%
: 

3 
10

0 

2 1 -I
 

'\.
 

" 
'\.

 
" 

'-.
...

.1
00

 

-1
 I 

75
 

.....
.....

..._
 

' 
.

.....
.....

.....
 

"
-9

5
 

-2
 

90
 

J 
I 

~
 

, 
-

I 
I 

I 
I 

I 
I 

I 
L

_
, 

' 
I 

I 
I 

I 
I 

I 
I 

I 
I 

I 
I 

j_
_

-
'-

-1
 

I 
l 

'-
-

N
on

a 
89

0 
91

0 
93

0
 

95
0 

97
0 

'1
90

 
10

10
 

OA
K 

In
vs

rs
lo

n 
B

as
o 

P
re

sn
ur

e 
ln

 m
il

li
b

ar
s 

F
l.s

\l
r•

 
1

C
b

. 
r
~
t
w
s
 
te

~_
,.

.l
.S

t\
J
r
e 

f
:;
r
~
c
a
s
t
 
;
t
•

\)
~.
 

..­ .... 



«F^ 

•VU^ Uf poeds paTA flflg 
O    t- 





p 

« 
Ü 

M 

»4 

o 
w 

c 

■  ■  ■  '  •  ■  ■  ■  ' I  1 ■ I 

8 ^ g 

I 

2 
3, 

CO g iP 

H 



a 
wall« Z-  it •HgUtly «or« coni«rY«tlv«.    R*Qo«t   It would b« 

exp«Qi«ti  thAt Z.   «n<l Zj «04114 r«ipcnd much »or« quickly  to 

thm eh*ag*  ttcm CUis I t« CUit III, «hilt Zj would Mt •• 

41 •odtrAtlag Influtnc«. 

For «or 1 floatlofl porpoM«» tho traporatoroo «oto 

dlyldtJ Into four «Us» iotorvaltt    !•«• khoa 60^, SO-S^'V, 

90-99or, «ad frottor tb«a or «qu«! to l00of. 

Looking first at the dopoad«at data, TabU VIIU 1« 

a coaparlioe of fortoait eoeurr«oc«« of Z^ to tho aotual 

occurretjo« of *7 batod oa tho rotultt la Tablo XV.    Tboro 

«or« 20 actual oatoi of tcnporatorot IOM thao 89°?, A3 

of tooparaturot fro« «0-89pr» 80 of tonpotaturot fro« 

90*99*7« aad 26 of ta«porat«rot grtater thoa or oqual to 

l00of.    Z,.« «oro Mooattfal la forooattlaf oorrvetly ov«r 

50X of tb« tl«o for tho two cU«« latorvalt »0*89oF «ad 

90*999rv but «oro »och lots aacoottful la forocaetlog th« 

other two latorralt«    Tho aoablaatloa of Z. aad Z, to yuld 

Zg provldod aa l«pro«o«oat la tho forooaot of th« alats 

latorral groator than or tqual to l00ort aad yloldod llttlo 

ehaa&« la tho othor latorrali«   tho total o««b*r «orr«ot 

for Zg «at groator tbaa for <i,i* 

Tbo to«blaatloa of Zj «ad Z^ to ylold Z. prorldad 

aotablo imptemtci la tht fortoatt of tho tlttt lottrrtlt 

Utt thta «0er, K-19*?, tad tnaatadoat lapro«o««at of tho 
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1 
(3 

&rt«t«r CbAa or »quftl  to lOO^T Ir»t«rv«l.    Th#r« vat « tllghi 

deelln«  to  th« «c«or«C7 of ttM fO*??9? Intervalj   hovevcr» 

th« total ouakar of corrtat  foroOAttf wa» »IjotfIcxnll/ 

bottar thaa an; of tb« othar  forecaata of £•    Hooc«,  it 

Appoart ot thcAsah aaah prodlotor pair If ooatrlbutiag to 

Cbo laprowaanc of tho foracaat. 

Both tha por «oat aorraot acd tho aklll oooro wtro 

conpotod a« thoim la Table IX.    Tt« roaulta «ar« 67X 

oorraot aad a skill accr« of «SO* 

Tha todapandent toapla of 46 taaos fro« Augaat aod 

Scptambor 1938 vat omaalaad*    Tha raaalta wart not as 

faworabla as thay wara for th« dtpondoat ssaplo (sao Tabla 

VIII B).   Zy did aot produce tha bast fortoatts as tho total 

number correct  for Z. was only 27, aad Z. produceJ a total 

naajher correct of S3*    Th« reaaoo for this is thought to 

lie  In the relatlrely saall also of tho saapl« aod tha 

fact that only U of tho 44 caaea foil 1« tho two class 

Intervals lass thsa B0oP aad 90-69of.    Vevortholoss, th« 

skill seoro aad per cent correct, vhtob wars .32 aad 591 

respectIvaly« «art quite alallar to thoae eonputed for  tho 

dependent data (tee Tabla X).    Tber« wag a slisht reduction 

la accuracy frea tho dependent data)  however,  th« differences 

in ssorss vere non-algnlfleant when tasted by tha chl-aquara 

test (so« footnote \t pafe 31).    Tabla XVI la tho appoadU 

gives actual va^eea of X^j, X&, md aaapatsd valwea of 

21-3 'or tfe* aidapaadaal taapla» 
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rORECAST 

100 90*99 •0*99 90 

iw»a 
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0 0 0 

fi 

W-Vf 9 19 
(U.7) 

0 0 27 

11 
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10*69 1 1 
<0.7) 

1 

go 0 0 I I 
(0.1) 

11 IS ) 1 ** 

Ut Ccat Cornstt    27   X   109 •   if! 

Skill SMMI      17 * U •$••** 



COHCLUSIOI 

FflitfnrUllf, th« high d«gr«« of tklll dUpUyrd by 

tht ««rlnr prn«tr*tlon sod noxlotra Ceaporotur« forecast 

trcholquot Juattflot acceptanc» of  th« oarlnt panatratloo 

nodal datorlbad la Cb«fCar IV, 

With ratpaot to Cha mo<i*lt  It teaai a« (hough the 

Paoiflo hl;jh prtitura call it daflnltaly eonoaetr^ with 

tha occurrence of the marina penetration, at wltnetsed by 

the high dagcea of aecuracj of tha T^ foraeatt of CXatt I 

end Clatt III. 0« tha other band, the develorMnent of the 

thereat trough in the interior Valley of California fsflu- 

enoet the developnaot of the tea breate at «itnetted by 

the accuraey of T« in foreeattfns Clatt IT. 

Tbe t lot ben» pattern thown in Figure 6  elearlr 

indicate« the eovcuoot of cool narlne air fro« the ocean 

into the Bay and fro« the Bay Into tha Central Valley through 

tha Carqulnax Strait« Tha davatepaanC of a Jet-Iike core 

of oool air through tha Strait it a eonvlnaing picture o 

tha »arlna penetration« 

The depth of tha narlne layer it alto donioaot in 

tht narlne penetration« It it evident» that on days when 

tha tenperatura tatrartloa la lov and tha narlne layer «hallow, 

no tatlout panatratla« «ill «aaar« With a deep narlne 
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l*ytt pto<>tr«tlon I« not only poMtblo« but probabl«* 

It •««»« «vldent that tho hatic Id«« of th« nod«! 

It correct, although nil of th« ynrinblco nny not vork  for 

«very CAM.    Ub«o tSey do not,  the itr«n^th of th« pfoetrn« 

tlon  1« r«duc«d.    Tnd««dv on« would nor «xpect « hnraoDlmi« 

vorklog of «▼«ry v«rl*hl«  for rvtry p«n«trntion,    Clrarlr. 

though» obt«rvAtion of th« ▼«r!«Mc« sat   forth should ^W« 

torn«  ld«n of th« occurrence or ncn-occurr*nc« of the ««rln« 

p«o«trntloc.    Th« overall ua«fuln«ii of  thl» for«c«ttiag 

«ytlen can only b« proven by actual In-1tat loo a»e.     It uaa 

toward thl« «nd that th« «tody was undertak««, and hopofully, 

It 1« thla «no which th« study will fill. 
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TABU  tU 

AVERAOÜ  r«KSSURK  OF  IWVTIMMON   BA(>r   ((VU) 
AMD PRKSiiUKl  OXFFERfNCES AT U>Üü 

PDT  SAiED 0» 92 CASEä  1H  1966 

IQ« 
BAS« PDX- ruNo« » aEL- ^ of $l*n P.FU ^Q- SA£ M£ fÄ?ti 

IIU 9£2 ab 5.3 ab 4.1 »b .2 ab 15 II1D y^d 7.9 5.1 1.4 lu 1U 965 3.3 2.A 4 
IIB 97* 3.» i.ü 2^ IXC 973 1.3 1.5 *" .2 12 

X 927 • .1 • .7 

TABLE XII 

* .3 22 

AVKiAOir ruEssmiE or HCVERüIOW BAr^ (OAK) 
AHP ?R?SttJRE DIFEERTNCS AT 1700 

POT BASFO OH 92 CASES IK 1966 

PrfMtnr« nufer^n^*? 

IP¥ 
B«s« PDX- RNO-        RBL- # of 

£.1*11 Ulli PFO -:AP           ^A£ fiftSIl 
niA 997 ab 3.9 ab 2.4 «b    -l.o 15 
IXIB 1001 7.3 3.8              .1 IÜ ITA 9d5 3.* 1.7          -1.5 A 
IIB 967 1.8 2.3          -1.3 29 
IIC 976 - .1 - .3          -1,9 12 
I 924 -l.l •2a        -l#3 22 
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TABLK  XIIA 

BANQr. OF THE  rMSSUW 
OF IHK  IMVHkSlOH BAÜC   (OAK)  AHO 

püKüiüRR DirmnHcrz AT 0500 POT 
BAiEO OH   J2 CASES IH 1^66 

IDV 
BAI« POX m ^NO • HBL- * 
££äi m SAfi ™? 

fA*^l IU^ hSOL H^ hast 11,^ kz- ni.-h 1^7 
I1IA 940 S£o 10.2 1.4 6.Ö .0 i.i   « •   .6 
XXXB 960 SI« 13.2 10.6 .6 3.6 .) 

IIA 9)0 990 5.9 3.9 .6 - .1    - •i.u 
I1B 940 Sfe 7.7 »I   A 7.9 1.2 .7 •  .9 
lie 940 1000 6.1 *3«3 ?'4 

4.1 
•1.5 .6    - •l.I 

X • 50 960 1.7 "2 * A •5.4 1.1    < •2.1 

TABLK XIIB 

RAHCF. Of IHR PRESSURE 
OF THK iKVF.aSION BASE  (OAK) AND 

mSSURE  DIFFERENCES AX  1700 PDI 
BASKD ON 92 CASES  IH  1966 

la* 
BAM 

ftft 
POX- m RKO- RBL- 

£!"«• HIäö.    Jrfflf BU;>   Lsa *m   k« MrM    ^.ov 

IIU 
XIIB 

IIA 
IIB 
XIC 

I 

960      Sfc 
9iJ0      Sfc 
970    1000 
960    1000 
900      SU 

Moo«      940 

Ö.3    - .1 
10.9      1.3 
6.1        .1 
7.6    -2,3 
4.8    -3.3 
6,3    -5.2 

5.0 .2 
10,3    - .7 
5.5    - .7 
6.1 -1,1 
2.8    -2,5 
l.d    -A.6 

- ,1    -1.9 
1,3    -1,2 

-1.3    -1.6 
- ,6    -2,2 
- ,Ä    -3.6 
• ,2    -3,0 

L 
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