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MINIMUM TEMPERATURE FORECASTING IN THE CENTRAL CALIFORNIA 
DISTRICT 

By CHARLES c. A L L E N  

[Weather Burrnu, Pornona, Calif.. April ILL"8.?xl 

The citrus-growing region of central C+liforiiia consist,s 
of sonie 42,000 acres, mostly of oranges, 1 ~ 1  a narrow belt 
along the foothills of the Sierra Nevada in t,he southern 
Yan Joaquin Valley. Plantirigs are in the low foothills 
and on the floor of the valley iniiiiediately adjacent to a 
distance of not more thnu 5 miles. Elevations range 
from about 375 feet above sea l e d  on the valley floor to 
about 1,500 feet in the foothills, with scattered groves nt 
somewhat higher elevat,ions. Over two-thirds of t,he 
total acreage is planted to navel .oranges, which mature 
in November mid are mostly picked before damaging 
temperatures prdinarily occur. Valencia oranges, how- 
ever, n.nd portions of the lsmo!i and grapefruit mops are 
011 the trees t81uoughout the winter; of these about 5,000 
acres are located where orchard he,aters are neecled t c) 
protect, the fruit against dmiage by frost. As an aid to 
groweis in protmtllig their crops the Fruit Frost Service 
of the Weather Bureau has maintained an oiganization i I i  
the district each winter since 1922-23, the season last,iiig 
from November 1 to Februwy 15. Heac1qu:trters w c  
centrally located at  Lindsay. Forecasts of iiiiiiimru~ 
temperatures a t  selected stations and other advisory 
warnings are broadcast nightly by radio. 

While Polar Continent.al air masses make their way into 
the valley in rare instances, with lpw temperatures by clay 
as well as by night, the predominant air masses of t,lie 
San Joaquin Valley in winter are. Polar Pacific, wit,h 
temperatures of 32: or lower occurrmg only as tBhe result. 
of nocturnal radiation. Inasmuch as radiation from tlie 

ound is a function of the temperature and the absolute 
Kmidity , a siniple mathematical formula was developed 
by Young which expresses these factors quantitatively 
and shows the robable minimum temperature. As 

trict, tllis formula is %s follows: 
adapted empirica. lr y to the central California citrus dis- 

When relative humidity is below 52 percent: 

T m = D - D - 2 8 - H - 3 0 .  -- ___ 
3 4 

When relative humidity is 52 percent or more: 
T m = D - D - - 2 8 - H - 3 0 f H - 5 2  --- 

3 4 6 

where T,,, is the expected minimum, 
D is the dewpoint at 5 p. m. (local time), 
H is the relative humidity a t  5 p. m. (local h e ) .  

This formula was devised from actual case histories of 
frost and therefore applies only to average conditions in 
a particular locality, i. e., the neighborhood of Lindsay, 
Calif. In 16 years of record the range of dewpoints a t  
Lindsay preceding frost has been from 20° to 52O, frosts 
most often occurring within the range 30' to 4S0, with 
masimuni frequency a t  40'. Dewpoints below 30" nre 
infrequent in central California in winter and are signif- 
icant of unusual conditions, limiting the applicability of 
the formula, It has not been found practicable to intro- 
duce constants into the formula for differin soils, ground 
moisture, maximum temperature, types o f pressure dis- 

I FnrwAsting Minimum Tomperaturns In Oreeon and California. Flnyrl D. Yoi~un.  
Monthly Wenther Revlem. Supplement 113. .41so: A Crlti tie on the Constrnrtion 
nnd Uw of Minimum Temperature Fnrmolas. Erkley 8. El?ison. Monthly Wenther 
Review. December 1928. 

tiibution. etc.. as these influences are too 
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dificul t of 
matlienii<tic.al &pression. At best the formula indicat,es 
tho iniiimum tempertitiire probable uiider average con- 
ditions on clear, quiet nights. Ot4her factors must he 
weighed nc.cording to the 'udgment aiid experience of the 

The use of this formula to show the robable minimum 

giveti coiiditions of air terupernture.and wa,t,er-vnpor con- 
t,ent, (note t'hat tlewpoiut and relative humidity together 
associate these two factors) is dependent on the assump- 
tion that air in contact witb the ground thus cooled wdl 
remain in place and not drain off down slope under t,he 
influence of gravity. Drainage of coo1e.d air would cause 
iq)la.cemeiit by warnier air, so that computations based 
011 the formula woidd not apply. The place for which 
minimum tmeiiiperatiire forecasts are made according to 
tho formuln, therefore, must be carefully select,ed. Gener- 
ally spen.king, t,lis point will be on a flat plain or where 
t.l~e slope is. very gradual. Locations near Lindsay, 
C'nlif., are suitable in this respec.t, so that the main key 
st ation for the entire citrus belt is located there. At the 
Lindsay key st,ation the teniperature shown by the for- 
111u1a will n.pprosimate the actual minimum within 3 O  on 
ideal raclintion nig1it.s. Forecasts are therefore made for 
the Lindsiy key station, and estimates for other stations 
are then made according to elevation. The theory is that 
minimum temperatures on slopes and hillsides are a 
function of t8he te,niperature inversion. Variations froin 
the expected minimum a t  Lindsay are estimated on the 
bitsis of ( 1 )  topography; (2) maximum temperat'ure of 
tlle preceding day; and (3) atmospheric water v a p o ~  (tlie 
teinperature inversion is obviously R. function of both the 
iiimiiriuni t>empe.rature and absolute humidity of the 
surface air.) 

Inasiiiuch 8s few nigllts in nt i  average winter aiford 
ideal radiation condit,ions, computhlg tlie niininiuni tem- 
periiture by mems of the hygrometric forniula is but the 
first, step in actual forecastiiig. It) is necessary to foresee: 
( 1 )  regional clmnge of air mass, with result,a.nt effect on 
local weather; sild (2) changes within tlie air mass, such as 
I ( ~ w ~ 1  fop or cloud. 

The topography of the S a n  Joacluin Valley is funda- 
ment,ally import8nnt. in comprehending movement of air 
nifisses nitso and out of t,lie region. S h p e d  like a gigantic 
U , t,he vdlep is bounded on bhe west by the Coastl Range; 
on the sout,li by the Tehnchapi Xlountains; aiid 011 the 
eiist by tlie Gren.t West,ern Divide of the Sierra Nevada. 
This three-sided ba.rrier, in eff ect, one mibroken mountain 
c h i n ,  effecbively iiit'erferes with change of air mass a t  low 
levels. Indeed, it is not uiiconinion for change in air 
niass to take plnce itloft, with iinportant effects on frost 
probability, wliile surface a.ir remains unchanged. A spell 
of frost is sometimes brought to ?n abrupt close by inter- 
mediate or high clouds as w-nrm air moves northward over 
tlie vallev witshout> disturbing the surface strata; or, con- 
verselv, frost may follow suddenly when fog is cleared by 
turbulent iniijng due to the same cause. At times new 
air masses seem to cross the Coast Range laterally and 
move o w r  the valley before change in the surface air has 
been accomplished. In  occasional years Polar Continental 
air malres its way over the moimtains into northern Cali- 

forecaster, and tlie fonnu 1' a modified a.ppropriately. 

t,emperaturo resudhig from iiocturiia r radiation under 
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fornia, thence spreading southward into the San Joaquin 
Valley to cause abnormally low temperatures. As a rule, 
however, air masses in the valley are renewed by fresh 
Polar Pacific air moving into the region through the low 
passes of the Coast Range in the vicinity of San Francisco 
Bay. This providm an important element in forecasts for 
the southern portmion of the valley, i. e., change of weat,licr 
takes place progressively from north to south. 

In  actual pract'ice, the procedure in forecasting miniinuin 
temperatures in the citrus belt is as follows: 

1. Analysis of the prevalent surfnc.e air mass by means 
of the hygrometric formula, indicating whether or not 
frost is probable. 

2. Reference to possible changes in the surface air taking 
place northward and progressing sou thwarcl, as shown in 
hourly reports of airways weather st,ations. 

3. Reference to the evening weather map to asFertain 
if regional change of air mnss is likely to occur during the 
forecast period, either aloft or a t  the surface, or both. 

These steps are in the order of import.ance in r?inkii?g 
minimum temperature predictions in the central Ca.liforniu 
cit,rus district. Inasmuch as air masses change with com- 
parative slowness in t,lie valley, t'he temperature and 
dewpoint a t  5 p. m. afford the best indications of frost 
probability during the ensuing night. It is not too niuch 
t.0 say that wit'hout knowledge of temperature and dew- 
point in the exact Zocnlify, and that simple but useful 
device, the Young hygrometric formula, accurate qunnti- 
tative forecast,ing would be impracticable. Once the local 
surface condit'ions have been a,ccura.t,ely evnluated, t,he 
possibility of changes during the night must be invcst,i- 
gated: If no material changes n.re taking place in tdie 
northern end of the valley by 7 p. m., when the forecasts 
are released, it is unlikely t,hat there will be a change in 
the citrus belt before morning (esceptions are known, 
however). The role of the evening weather map of t,he 
northeast Pacific a.rea is: (1) To show possible changes 
of air mass which might not be obvious from condit,ions 
in the north end of the valley a t  7 p. m.; (2) to furnish 
clues to changes of or within the a.ir aloft, as upper fronts, 
intermediate or high clouds, water vapor discontinuities 
resulting from subsidence, etc. ; (3) for making forecasts 
for more than one night. 

It is believed that in the cent,ral Cdifornia citrus tlist,rict, 
a t  least, weather maps cannot, be clnssifietl as favorable or 
unfavorable to frost on the basis of barometric dist,ribu- 
tion alone. Frost has occurred under a.lmost every con- 
ceivable type of pressure distribution, and d8erence.s in 
weather accompanying markedly simi1a.r pressure t,ypes 
can be extreme. Change in pressure distribut,ion, how- 
ever, may be associated wit.h changes in air mass, or, in 
the San Joaquin Valley may act to prevent change. A 
simple classification of generalized pressure types ma.y 
therefore be useful. With emphasis on the fa.ct thn.t they 
are but points of depart,ure for analysis of individual 
situations, such a classification is herewith presented. 
All data except isobars are intent,ionally omitted, for 
classification being on the basis of barometric pressure, 
inclusion of air mass data would confuse the issue and 
make them examples of individual rather than type im- 
portmce. For example, a weather map showing Great 
B~s in  anticyclone might include. anything from fine, 
warm weather to cool, foggy situations, or sever: frost's. 

Employing a nomenclature from the geographwal center 
of pressure a t  the stage of development when frost is most 
probable in the citrus belt, these are called: Type I, Great 
Basin HIGH, Type 11. California HIGH, Type 111. Plateau 
LOW. 

Type I, Qr7rea.t Basin. HIGH.--See maps for December 25, 
1929, to December 27, 1929, inclusive. Following a more 
or less rapid rise in pressure off the Washington-Oregon 
coast, there is also a rapid increase over the Great Basin 
area within 12 to 24 hours. The fully developed Great 
Basin anticyclone is connected wit.h the semipermanent 
Pacific high pressure by a great, curved ridge. Pressure 
over California is decidedly lower. With this enormous 
mass of fresh Polar Pacilic a.ir to the west, north, and 
northeast, movement of new a.ir masses into the Sail 
Joaquin Valley cannot takc place, and the weather will 
remn.in more or less as a t  the beginning of the regime, or 
will be modified but slowly. The Great, Basin ant,icyclone 
is nlso iniportaiit because of its persistence, as, nided by 
nocturnal radin.t,ion, pressure at  the center incre,ases 
slowly and grent. stnbilit,y is achieved. The weather of 
the San Joaquin Valley may show extreme variations 
under the dominance of this type, depending on the 
properties of t.he origins1 uir mass. If the valley 1ia.s been 
filled previously with warm, dry air as often happens in 
November, the weather will continue fine. Quit'e warm 
clays may be followed by frosty mornings, and a dnily 
range of over 40' is not uncommon. If, on the other 
hand, cool, moist air is in the vnllep at, the beginning of 
the cycle, persistent fogs tire probable, t'ypical of Decem- 
ber wea.ther. As subsisdence within the anticyclone 
takes place, the cool, moist ftir rest'ing 011 t,he ground is 
sep:irn.ted from the warmer and drier air illoft by :in 
effect.ive cliscontinuity. If the surface nir is relatively 
dry a.1~1 cool, however, no cliscontinuity becomes estab- 
lished t,o produce fogs, and a spell of frosty nights will 
follow, lasting sonietimes 2 weeks or more without a 
bren.k. Decadence of the Great Basin anticyclone is 
usunlly preceded by withdrawal of the Pacific center 
further offshore toget.her with a pronounced 24-hour fall 
in pressure over the continent. Bren.kup is rapid in the 
final stages, and the map may change to a variant of Type 
I11 abrupt.ly. 

Type 11. California HrGH.-see maps for January 19-21, 
1934, inclusive. Wit'li the center of the Pacific HIGH off 
the California coast, weak low-pressure systems along 
coast and extending into California-Nevada are often 
followed by ZL rapid rise in pressure Jirectly over Cali- 
fonlia; the center of highest pressure may be in the San 
Joaquin Valley or in Nevada. This type is fairly fre- 
quent in winter, but is not persistent like Type I. Tem- 
peratures are not abnormally low as t,hey niay be with 
eit.her Type I or Type 111. Ground fogs niay occur, but 
are not usual. Minimum temperature forecasting may 
be very difficult a t  the beginning of this tjype owing to 
the rapidity with which t8he new air mass moves into the 
valley. It is probable that air-mass change takes place 
aloft by lat,era.l transport over the Coast Range before 
a surface change is effected by movement southward into 
the valley from the San Francisco Bay region. 

T y p e  111. Plateau Low.-See maps for December 6-12, 
1932, inclusive; and for January 4-8, 1937, inclusive. 
While this type is common in winter, it is associated 
with frost less frequently than Types I and 11: nocturnal 
cloudiness or light winds so often persist after passage of 
the storm that the weather map has changed to Type I 
or I1 before the first night favorable to frost. Pe t ,  in the 
final analysis it is in some ways the most iniportant of 
the three types in that in may be attended by tempern- 
tures which are nothing less than catastrophic to citfus 
growers. Appearing as a small LOW over the Pacific 
Northwest, movement southeastward is very rapid, and 
maximum development of this type takes place when the 
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center has reached the Colorado Plateau. Most  of the 
unruinl rainfall, all of the rare ancl scuiit snowfallb on the 
v-niley floor, and tlie historic “Ireezes” or cold waves occiir 
with this type, hence these storms clenianti careful scru- 
tiny. Relati\-ely low teniperatures and el eniiq dew- 
points near or below 30’ behind tlie cold finnt usu:illy 
me:ili almormally cold wecithei* in the citru.; belt ~vitliiii 
24 liou~-s, wit11 little 01’ no teniperatiire. inversion. 

Eveii when the regional air miss I:, not espectrtl to 
change, certain inotiificntions niay t:rke place which ti  ill 
have iniportant local effccts on frost prohahility. De- 
pendiiig largely on the water-vnpor coi:tent of tlie surf:ic.e 
air in corijr:nction with nnticyc10i;ic subsitlriice. the niostj 
distiiic tive developmen t wit tiill  the nir m i w  is rnllitrt iljii 
or “high inversion” foy (or airi~tus cloiici\. Y,ir> i i ~ g  ill 
height above grountl from one or two liiiidre~l to tx.o 01. 
three thusand feet, thih €og niny h s t  from  on^ Ii igdlt  t o  
sevel-ul weeks, :ind I)ecnuse of its obvious eifect 011 ground 
coolmg almost insuptuble rlifficultit~s in itiiiiiniriiii t c b i ! i -  
pernture forecaistiiig are coimectetl with its initial appeer- 
nnce. extent, niicl final cletirinp. T!ie stages of B typicail 
fog regime in the citrus belt, n i  c‘ suininarizecl briefly: 
Forming first hi piitc1:m at e1ev:ttivnu of 50 to 100 feet 
above gromid, the fog soon renches the gromitl :uid IJP- 
comes dense over a wide tireti; it is not usiially qeen in tIlt1 
foothills until one or more iiiglitq ufter its first appwir:tiiw 
on the valley floor. Fc\llowiiig the first night of fog, 
clenriiig t:ihes plnce in t81ie forenoon over the citrus h ! t ,  
dthougli fog niay reninin all d:iy far out in tlie mniii 
valley. When the foothill nrea is cowred duriiig flie 
night, fog will persist most of the nest day on tlie valley 
floor t i s  “high fog,” slowly thinning (eniporating) near 
the ground. During the ensuing night the process \;ill 
be repeated, arid thereafter the fog will cover tlie vnllev 
floor and more or less of the foothill area for clays, even 
weeks, without a break. The “high fog” of the c\sy 
lowers to the ground a t  night, and a familiar develop- 
ment is incrensing wetness until trees are drippiiig a n d  
water stands on the ground as after a light rsin. After 
a day or night of such wet fog tlie horizontal visibility 
abruptly and remarkably iniproves altlioirgli tlie “higli 
fog” (stratus cloud sheet) renpins unbroken. This 
development is not necessarily a prelude to break-up of  
the fog. 

Clearing of the fog may come suddenly and over the 
entire reson, either by day or by night. More often, how- 
ever, general clearing is preceded by intermittent clearing 
at night at  the limiting elevation of the fog in the foothi!ls. 
Obviously, intermittent clearing during the day may be 
due to insolation without a significant change in the gen- 
eral meteorological situation. The end of the reginiz is 
also preceded a t  times by pronounced thinning of the 
stratus cloud at night, so that the moon’s disk niay bo 
visible; if stars can be seen the break-up is assured. Falling 
dewpoints a t  valley stations, day temperatures reinninirig 
the same, are often noted as a prelude to clearing. Final 
clearing most often begins in the southern end of the 
valley, but can be so ra id as/to seem otherwise unless 

exception to this rule occurs when a fresh, relatively tlry 
air mass moves into the valley from the northward, 
evaporating the fog b ~ -  mechanical mixing. 

Fog in the citrus belt is preceded by evening dewpoints 
of 38’ or higher a t  Lindsay: out of 43 case histories of fog 
regimes, extending over 6 winters, only once did fog follow 
a 5 p. m. dewpoint of less than 39O. I n  28 of the 43 caqes 
the initial appearance of fog was preceded by dewpoints of 
45’ to 51°, from which it may be deduced that fog becomes 
increasingly probable ns dewpoints are above 38O. Day 

frequent reports are avai P able from tjhe whole region. An 

temperatures are not a good iiidicniAion of fog. probability: 
nirtsimum tempernt#ures iinmedia t ely preceding are usu- 
ally well below G O O ,  but fog has been known to follow R 
maximum t,empsrature a t  Lindsay of ’71 O (dewpoint 40’). 

While the fog regime is beconling established brtronietric 
pressure is rising afber a period of cyclonic activit,y. 
C‘ent,er of 1Jghe.st pressure may be in t’lie valley itsclf, but 
in t.lm greater nriniber o€ tinies by far the center is over the. 
Grea.t Ba.sin. Tlieresfter the fog regiiiie cmtinues as t.he 
Great Basin anticyclone is persistent. This dependence of 
fog on the Great Basin snticyc.lone hn.s bee,n obsen-ed so 
many tit-. es as t:, be nsiornnt>ic. During early stages of the 
reginie temperatures nt inouiitnin stations begin to rise 
ancl den-pointa to fall ; fine weather continues throughont 
tllr cycle. De,cade.nc.e of the niitkyclone signals the end 
of &e fog regime; tlie process is hastened in proportion to 
t,lie rapidi t,y of the pressure decline dong t,he north Pacific 
const. As t,eniperat,ures a t  moiintain stations begin to fall 
nntl dewpoints to rise, while a t  the same time winds shift 
from nortlieast and east to soiit,herly? fog clears rapidly 
in t.he valley. 

Xlthough little is known of the vertical structure of 
vniley a.ir masses nsiclq from infe,rciices drawn froin moun- 
tni!i station report,s. it8 seems re:isonahle snd logical to 
r:tt.rit)ute blio pcrsistent winter fogs of the region to rsdia- 
ti; b u d  cooling from :I. hiiniidity discontiniiit8y a t  varying 
lv\~t;ls nbore the ground.’ In azreement with t.his assump- 
t,imi, fop is not forec:tstJ iii t,Iie cit,rus belt; uiit,il i t  appears 
t h t  a diw.ontinuit8y asists or will be est.ablished during 
t,l:e forrca.st period ; and filial c,lenrinp is expectell only 
\vhen it is believed thnt the discont,inuit.y will be de- 
s t roy ed. 

in 
winter i t  is not strange t,lirLt, minimum t,emperature 9 ore- 
cnst.iiig in that region re,solves itself much of t8he t,ime int80 
ti problem of forecasting fog-the extent, vert,ical as well 
ais horizon t ,d .  and t h e  of beginnjug and endiiip to .th.e 
wr!y hour. The horizontal is dependent on t,lie vertical 
dist,ribution: With litt’le or no a.ir movement in t,he valley 
nt night, fog does not move or extend from the valley 
floor to t,he foothills in a litterul senso. Since the upper 
liinit of fog will be nearly the same as the top of the cool, 
moist, surfacc st,ratum, the depth of this stra.tum must 
fimt be estimated, and the extent of the fog in the foothills 
C R ~  t.hen be allowed for. Unfortunti.t.ely, t8here is no wsy 
at. present of measuring the dept,li of the surface stratum 
with accuracy, since no observations a.re made of tenipern- 
t,l:res and humidity aloft over the va.lley. Observatioiis 
o f  the vert,ical st.nic.ture of t.lle air n.re macle in the San 
Fra.nc.isc.0 Bay redon and in soutliern California, but their 
applicability to air masses in the valley is questionable, 
especially a t  moderate elevations. Nor are observations 
from foothill stnt.iona (t,emperature-liurnidity) of much 
x,:ilue, since they are a.ffected by ground exposure and are 
not repre,senta.tive of free-air conditions. I n  practice, 
therefore, the height of the discontinuity level is esti- 
mated by t>he distribution of niinimum temperatures 
over the valley floor and ad’went foothills on the general 
t.lieory t.hat ma.ximum cooing i will take place near the 
t1iscontinuit.y. Ordimrily, this level seems to be 1,000 
feet or more above t,lie valley floor, so t . h t  fog forming a t  
this elevation will cover most of the citrus belt. Cases 
are on record, however, when severely damaging tempera- 
tures have occurred in tlie foothill citrus areas while the 
valley floor was blanketed under dense fog. It is supposed 

Since fog is so common in the Sail Joaqiiin Valle 

I For discussion of the  physical basis of thls assumption, see the following literature: 
Gn the Caiises and Forecasting of California Fog Srerre Petterssen Journal Aero. 
Sciences Iuly 1926. Characteristic Weather Phcnbmena of Californis) H R. Byers 
CII .  11. ~ ’ i ~ i n t e r  Fog in the Interior by W. M. Lockhut. Fog End H& Their cauws’ 
Distribution, and Forecarrting, H. ’C. Willett, Monthly Weather Revibw, Novembe; 
19%. 
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that, in such cases the discontinuity level is very low, 
within a few hundred feet of the valley floor. Innsiiiuch 
RS temperatures linve been observed to fall steadily 
throughout t.he night wlien the sky was clear a t  moderate 
elevations in tho footliills, it is considered that falling tem- 
peratures under dense fog indicate a low discontinuity level. 

The question might ~vell be nsked why fog is first seen 
a t  lowest elevations in the ralley, to nppear hours or 
nights later in the footliills. Actually, fog would first 
form a t  the condensation level, which under certain con- 
ditions might be below thc elemtion of the foothill sta- 
tions. ,41so, i t  is possible that stratificution of the air 
may be ex-cwdinglly coniples 8 t times, with more than one 
discontinuity. Furthermore, in the early stages of a fog 
regime, the difference in water-\:apor content between 
the surface stratum and wnrnier Rir :ibove may iiot nl!ow 
of suficient coolirig: to produce fog throughout thc entire 
mass. As eraporat#ion from the soil increases the moisture 
content of the surface nir, while nnticycloriic subsidence 
sharpens the discontinuity, coding would later be S u f i -  
cient to cnuse fog throughout the elitire layer. 

Timing of fog iq :~lso r::scntinl I:) i!iiniiiiurn tcznpr:i turc 
forecasting, as the differeilce of r i -en O:IP hour in nppmr- 
ance or clenring of fog ~rinp iiieiln :t tliffrrcnce of s tvml  
degrees in the miniiuuin tercperaturc. In fact. tinling i r f  

fog is probably the prwtest siiqle diftici!lty in i'orec:;stiiic 
minimum t,emper:ttures ir? the 8an  Jo:tcjuin Valley in \vi!i- 
ter. For example: From the Iiyproliietric for,nuln ti 

temperntiire of 2 6 O  mi>- he espcctccl if the sky reniains 
clear d l  night, wliilt~ :it thil snnir time there :Ire indicnti.>n? 
of fog. Tf the fog fonns early in the ]light the tenipcr:iturc 
i i i ~ y  not po below 32'; on the other hand delay in ilppc:?r- 
ance of fos until late in tlie night n i n y  >illow the tciiiprr- 
ature to fall t c t  n degree tl:tngerous to crops. C!oiiversc.ly, 
a few hours difierence in the time of cletiring of fo? m:i,v 
tixwn the differelice between safe niid dnmigiiig teinper:,.- 
tures. In practice, first nppenrnnce of fog (nlmo:,t 
iiivarin bly n t  riight) is timed bv general considerntions o f  
water v:rpor content, horizontt!l visibility a t  '7 p. li l .  :it 
valley stations. 31:d previous histcry of fog in the prev:i- 
lent .air iiinss. Timing of cleniing a t  night-claytii IC 
c l e a r q  obviously is not important to the problem in 
hand-is bnsed ou general cnnsidcrntions :is to the ppidily 
of change of air 1 i i t 1 3 ,  rote of increase in turbulence nloft, 
nnd frequent obscrvntions a t  the highest foothzl stations, 
where clearing 1% ill usunlly begin liciirs bcforc finnl clew- 
ing ovw the elitire district. In tl:ic respccl it, is importniit 
to clistinpish between the intermittelit cle:iriiig io the 
foothills whjcli precedrs tho 1)rc:~Ic-iip of the fog, and tile 
irrcguhr cleating .which r ~ i y  be Oi:I;V n funChJll of the 
hL4ght of the for, I .  e., clei~rhg o t  t!,,. top level of the f i ) ~  

due to locnl turbulence in the foothiil it,i "'7 on. 
Owing to the topogr:ipliy of the valley, ijind is ii!bt 

an import:int considerntion in wiiitw, for when frost is 
probable the weather h:ts beccme set tlccl nntl quiet Jiiglils 
nre the rii!e. When thr deu-point i s  rvhtively l<i \v  fnr the 

valley, i. e., below 3 5 O ,  ground cooling is so rapid that 
tlie resdtaiit :tir clrniiiage down tho slopes of the foothills 
is felt ns n light brerzc severnl miles out 011 the valley 
floor. 

Hnrely, a cold froiit mol-ing into the rallcy with a 
Type 111 weatlier li;nl> is attended by northwest wind.; 
n t  night and a cIear sky; if properties of the fresh air iiiiihs 
are suitable, te1npcrnt:ires of 32" or lower wi!l occur 
hefore sunrise, with wind cciitjnidug. On o'1e such 
occ:i&m, follouing r:iiii during the early pnrt of tlw Jiight 
t he  sky cleared rapicllp, and evcn with fresh to strong 
northit est wincis nil night tlic tentpcrciture fell stcatlilp 
to ;? ruiuimuni of a t  suiirisc. Iiidic:itions o i  w i ~ ~ t l  
coi;tinuinK during the iiiglit therefore, as tlw sky clears 
rtfter :i storill, do iiot :iecessarily sigiiify that the tempern- 
tiire will not f d l :  Properties of the incoming air mass 
ixiist be pro srly evaluiited in order to make on accurate 
forecast. J t h e  fresli air ni2iss is reiativelj- tlry it con- 
serves but little of tht. heat given off by the ground 
tiuriiig the night; itiitl siiicr the regional air mass previously 
1ie:itcd by insu!ntinii li:i? been reiaoved, there is no oppor- 
tunity for the usi i : i l  teliipPrn ture iiiversiun to clevelop. 
Con~ecjuently there is no nmmw ttir to bP inixcd bJ- the 
u-inrl with the :iir cociltd ly,- contact with tile grou:ld, 
m i l  surf.ico teniper:it u ~ c ~  will be the wine tis on :i wind- 
less iiight, other conditions behg equnl. 

( ' o n d u ~ i o n  .-It is n innttei' of experience that wit:iin a 
givtw area Such n~ n single citrus grove minimini te:n- 
1~r:itii I'es wil! show loci11 vnrl:i:ionr of one tiqree or niore 
011 evt.It illcal ixclia tion nights. Erratic air drift, miequal 

of rndintion from various kinds of ground cover- 
ing, aiicl  ether rrtgiie, complex, and pcrhnps coatrcirlictory 
iiifliicrices iuav operate to bring .about tlilfering .nliniiiitt 
wi! l i i r i  sach short clirtances t h t  it is a priicticail ilnpossi- 
ldi ty  to estimnte the net effect. within the rather small 
limits of one degree on tlie Fa!rredicit, scnlc. It seems R 
wliolly reamin hle consideration, then, that mnsiinum 
possihlc nccurscy is achieved if predictions for definite 
locntions arc within 2 O  of the actual minima. 

By 11s~ of a t>ec\iriiclue more or leg3 as outlined in the 
foreping pnpes, minimum temperature predictions for 
the Lin(1~ny district, kcy station I i n m  h e n  over !IO percent) 
as an nvenixe, and occ*asionally 95 psi-cent wi:Ii1i the 2 O  
limit. It is no doubt true that errfirs of more thtln 2' 
are so~net~i~nes the resillt of causes EO confused and indi- 
riduallp rmimportant that tliey can he descrihe(1 nnly as 
nieieorotogical accidents and as s!ich they m:iy occur a t  
any time. It, is pmba?,le, howel-er, that tllese errors in 
c:r'ncr:d can be nrcrihctl to lncli of pi-ecise niid timely data 
clii air nloft over the San Jooqiiin Valley. The water VR or 
mwtivit n n t ~  tcmpernture of tLe air  up to one or possiby 
two thouwid feet must cmtnil to an important estent 
the net loss of heat a t  the g rourd  i t  is believed that 
flwriwr improvmieni in minimum temperature forecasting 
iniict CDiJle froin qiinntitntive inve5tig;itinn of these lower 
<t r:t t :I 
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Flgure 1. 
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Fkure 3. 

Figure 2. 

Figure 4. 
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Fig- 6. 

Figure 8. 
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Figure 10. 
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Figure 11. 
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Pigum 12. 
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Flgure 13. Flgura 14. 


