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A STUDY OF THE LOW LEVEL JET STREAM OF THE SAN JOAQUIN VALLEY 
( P ROJ ECT LO-J ET) 

ABSTRACT 

A network of eight pibal observation points was set up in the San 
Joaquin and southern Sacramento valleys of California to study the 
low-level evening jet stream that has been found to exist almost 
daily during summer. Data was also avai !able from special radio­
sonde observations, an aircraft temperature sounding, wind tower 
measurements and hourly and special surface observations. Pibal 
.observati.ons were taken hourly from 1715 PST to 0015 PST on two 
consecutive evenings in early August 1971. Vertical sections, 
both a I ong and across the va I I ey, stream I i ne ana I yses and time 
sections were prepared from observed upper-air data and supplemented 
with analyses of various surface parameters. 

On both evenings of Project Lo-Jet, a relatively strong up-valley 
jet stream was found to exist at an average height of about 300 
meters above ground level with highest wind speeds of about 20 mps 
from the northwest. The jet was found to be strongest in the north 
and central sections of the valley where cool marine air has an 
unobstructed path into the val ley, and weakest in southern sections 
where the v~l ley is ringed on three sides by high mountains. 

Analysis of the data suggests that the low-level jet stream is 
caused by a number of contributing factors. Existence of the 
strong therma I I ow in the desert southwest, the source of coo I 
marine air to the northwest, downslope winds from mountains on 
both sides of the valley and reduction of surface frictional drag 
at the top of the boundary I ayer after sunset are a I I thought to 
contribute to formation of the jet wind. 

This summertime low-level jet stream is not unique to the San Joaquin 
Val ley. Similar winds have been shown to exist in the Sacramento 
va I I ey and shou I d be suspected to exist in other· va I I eys in the 
western states with simi Jar geographical features. Once the existence 
of such a wind pattern in an area is determined, accurate forecasting 
of this wind would be very valuable to aviation interests, forest 
fire fighting officials, air pollution control agencies and others. 

I. INTRODUCTION 

Low-level jet winds are known to exist in many areas and have been 
described extensively in the I iterature. Means (1954) was one of the 
first to point out existence of a low-level southerly jet in the midwest. 



Wexler (1961) and Gerhardt (1962) explained the nocturnal jet of the 
western Great Pl:al.ns':cls a bO.uri'dary:...layerr':p.l:le'r:\omenGn, tehated rto sta-
b i I ity in the I owest I ayer. '. Bl ackadar~ C 1957) stated that "examp I es 
of low-level wind maxima may be found almost anywhere in the United 
States during any season of the year ••. the phenomena is best developed 
over the Great Plains during nighttime hours". He further stated 
that wind speeds at the level of the jet maximum are considerably 

· ·supergeostrophic, ·,wit.hl:the wini::J;...speed maximum located at the ,top of 
thei i hvers ion •.. He. ·postu I ates. that after ,the no.ctu.rnadr ;inversion 
fit!t beg1ns to cbS a~tab!Jshed, ~ear·sun~et, turb~lsnt mixing Nery 
rapid!~/' dies away· above' the inversion .arid ceases to haVe·.any impor­
tant effect .. on t·he mot Lons at these I eve Is. Mi. I I er. C I 968) s.tu.d i ed 
the relationship of wind profiles to the temperature invers.i.on.of 
the San Frandsco Bay area. He found :a w i nGb-speed:.· mini mum. near the 
base of the inversion ahd a maximum near the top.t,hat.\f:requently 
take!:> on the appearamce; of a· je;t:.J' Ri.der· and:·Ar.mendariZ! ,(1.,971·) have 

· ~ fbuhd ·a high frequ·ehcy of occurrence of n ightti.me low ..... ! eve I w i r.J.d 
maxima at White Sands Missi:le Range, New ,MexLco •. They i.dentified 
three types of low-level jet-1 ike winds and classified them by 
exis-ting synoptic wearther pat,ter:1:1s and t'he he·ight ahwhich .the 
maxi mum wind speed "Was observed. ' : · ,,: :.: ·,, ' 

., . . 'I 

·The San \Joaquin Valley low""l.evel ~nocttJtnal: je;t: most. certai'nly has 
some·:of the properNes ascribed·~b'jetph'enomen:a ·in•otth·e~r· JocaJitles 
Hy authors ·C ite~f above~· hdweve.ri;' ib'ecause1 of, ,t:he topogr:ap.hy of the 
va I I ey and :su t-rbund i ng ~mdu:nta ins·,: near:n€lss to the o.cean:;and mat7.i ne 
layer, and presence of the Pacific high with its subsidence inver­
sio'n; the San Joaquin·.Jet must ,diiffer irp:cer.t,ahn i:in'pc:iirtant .aspects. 

' 

The existence of ··a strong northwesterly ,hoct:ur:nal jerl"1·w,i.ncj"oveir:­
Fresno, Cal ifornic{, ·has· been' known f,o:r several years'r. Thi<s\vas: shown 

·bY· evenlng ;30-gram' pi ba:l s for'merly taken ca:ti .the· Nat i ona I. Weat:her 
SerVi be Office CNWSO.). ·Fresno.~ "The/<jet· wind .appeaire:d: to be· an ial most 
da i I y occurrence in the .hof vsufnrrier months.· I t'lYa suni'mar:y .dfl idata from 
forty-two 2130 PST pibals taken during July 1964 and July 1965, the 

1 •·'' ·•average surface wi hd 1Speed st F:re:sno·,(e'leva't·i.on'· I 00 'meter;:s) .w'as about 
·7 mps. Wind sp:eeds·incr'eased.to·,a inaxLmum:of·:l3•,mpis·,at abou'iit600 
meters ms I ,: then decrea'se'd 7to about· ha I hthat speed·.at:' a> h,ei!glhtt of 
d200 meters ms.l tfi·igure '2) .: . l.f'the s;f:rong: low'-:l:evel r.w:Jnds1 observed 
at Fresno cou I d .a I so be <found over. much lof. the: TE:lst 'o;f the, I 00-m i I e 
Wide 250...,mi lEi fong San JoaquJn:,)Jalilcey,. :it woul~d be1 cH. co11sHde~able 
importance to a·.va'r-iety .of; w'eath.er'-or'i.en.te:d . .op:erlation:s.:r Project 
Lo-Jet was therefore initiated to determine the horizontal and ver­
tical extent of this nocturnal low-level jet, the wind speeds 
i nvo I ved, its therma I characterMtks .a'nd its reI at ion to the overa I I 
large-scale wind, temperature and pressure patterns. Due to I imited 
reso'urces:~ the study, had ttl' ibe· conf:i.ned to; :.two.. even i rigs, .AUgust 2 
and 3, 1:971 •. :ihesedates .were: oh'dserr as:sumi'ng·'the·jet:wi'tid .. wou.ld 
b~e af dr'·'near its~·maximum infensity.duri'ng·the,nott.est tiime,.o.f:the 
year. 
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The San Joaquin jet winds are related to afternoon marine air inva­
sions into the San Francisco Bay and San Joaquin delta region, the 
f I ow I ater being up the San Joaquin Va I I ey toward the southeast. 
Schultz and Fitzwater (1968) and Schultz ( 1971) have shown that in 
summer, penetration of marine air through the Bay area into the 
delta region begins in midafternoon taking the shape of a low-level 
jet after sunset. According to Schultz, an important feature of the 
inflowing air is the fact that jet winds are maintained unti I dawn, 
which is not in agreement with the usual land-sea breeze regime. 
He notes this phenomenon occurs on about 90 percent of alI days in 
summer but dec! ines to 25 percent in fall months. Since summer jet 
winds appear to be present over Fresno almost daily, the Bay area 
inflow can be presumed to be related to the jet winds over Fresno. 
Formation of a radiation inversion with consequent decoupl ing of the 
low-level flow from surface frictional influences, and down canyon 
winds from the Sierra Nevada to the east also appear to play major 
roles in formation, maintenance, and location of the nocturnal jet. 

I I. DATA ACQUISITION 

In order to study the San Joaquin Val ley summer nocturnal jet within 
I imits of avai !able resources, a network of seven pibai observation 
points within the San Joaquin Val ley and one in the Sacramento Val ley 
was established (Figure I). Pibal observations were taken at Tracy 
and Stockton at the north end of the val ley, Five Points, Caruthers, 
and Fresno in the central part and Taft and Bakersfield at the south 
end. Pibals were also taken at Sacramento at the south end of the 
Sacramento Val ley. 

Ten-gram pibals were used with single theodolite tracking. Pibals 
were tracked to a height of about 1600 meters above ground level (AGL). 
which was considered ample for the Lo-Jet study. The low termination 
height of observations eliminated necessity for a larger balloon. The 
slower ascension rate of the ten-gram balloon was deemed more desira­
ble since the jet wind was known to have a very I imited vertical 
extent. The ascension rate of the ten-gram balloons averaged about 
128 meters per minute as compared to about 180 meters per minute for 
a 30-gram balloon. Azimuth and elevation angle readings were taken 
each minute. Readings every half minute would have been more desira­
ble, but due to relatively high wind speeds in lower layers, tracking 
would have been difficult. Pibal observations were taken for eight 
consecutive hours from 1715 PST to 0015 PST on each of the two nights, 
August 2 and 3, 1971. The time was chosen so as to observe the jet 
during its onset, time of maximum intensity, and hopefully during its 
dissipation. (Note: all times mentioned in the discussion are PST.) 

Two radiosonde observations (raobs) at Atmospheric Water Resources 
Research (AWRR), Fresno, (taken at 2129 and 2215 August 2 and 3 
respectively), reached to about 3000 meters. One raob was taken at 
Lemoore Naval Air Station (NLC) at 2250 August 2 to above the 300-mb 
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level. Aircraft soundings were taken at Stockton at 2000 both nights. 
These reached a height of 1830 meters, and recorded temperature only. 
Observations were taken every 150 met.ers above ground wi,th the rate of 
climb of the aircraft about 150 meters per minute. 

The regular 1_600 and 0400 radiosondes for Oakland were also available 
plus a few wind speeds at Walnut Grove tower, between Sacramento and 
Stockton, at Mt. Tamalpais just north of San Francisco Bay and Pacheco 
Pass in the mountains west of San Louis Reservoir. Routine surface 
observations from NWS, mi I itary, and FAA weather observing stations 
throughout the area were used to plot and analyze 3-hourly surface 
isobaric charts for a 48-hour period from 0700 August 2 to 0700 August 
4. Surface and 500-mb charts received from the NWS National Meteorolo­
gical Center at Suitland, Maryland, were used to give a picture of the 
larger-scale synoptic patterns. The low-level jet normally forms 
under conditions of clear skies and warm temperatures. 

Two ten-gram pibals were taken at Fresno within 24 hours prior to 
the study, at 2030 August I and 1315 August 2, 1971. These runs were 
taken to make certain Project Lo-Jet was being undertaken when the jet 
wind was wei I developed, as wei I as to confirm its diurnal nature 
(Figure3). The jet showed upwell at2030August I (solid line) 
with the normal diurnal slacklng at 1315 the next day (dashed I ine). 

NWS personnel encountered some difficulties with pibal observations 
at Tracy on August 2 due to inflation problems. No pibals were taken 
at 1815 and 23_15 August 2, 0015 August 3, and data from the 2215 pibal 
was not deemed usable. Pibals for 2015 and 2115 August 2 were taken 
with a I ighting unit, but additional gas was not added to the bai loons 
to compensate for weight of the unit. Test runs at a later date indi­
cated the ascension rate of a ba II oon thus i nf I ated wou I d be. approx i­
mately 80 percent of th~ normal rate. Data for the two.hours in 
qye$tion were then recalculated using the corrected ascension rate and 
should be reasonably accurate. Other missing observations, for various 
reasons, were the last.B minutesof the 1715 August 2 observation at 
Stockton, and the observations at Bakersfield for 2315 August 3 and 
001'5 August 4. · 

The very sl.i~ht downward slope of the San Joaquin Val l~y from south 
to north, approximately 260 meters in 250 miles, indicates the valley 

,floor could be treated as a level surface. It is assumed frictional 
'influences, as measured by distance above ground level, are far more 
i,mportant in this study then gravitational influences. For this reason, 
quasi-hori.zontal· charts have been used to depict the flow at various 
.level~ above ground. ~owever, longitudinal sections along the val ley 
have been presented with data plotted above msl to validate this 
assumption. 

I I I. THE SYNOPTIC SITUATION OF AUGUST 2 - 3, 1971 

Typically during summer, a. large surface high-pressure system I ies off 
the west coast of California with a thermal low dominating the desert 
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areas northwestward through the interior valleys of California. At 
500 mbs a large high-pressure area is usually found centered over south­
western United States, with a weak trough off the West Coast. Surface 
and 500-mb charts for 1600 August 2 and August 3, 1971, are shown in 
Figure 4 and indicate Project Lo-Jet was undertaken during a time when 
overal I synoptic conditions were nearly normal. The influx of marine 
air each afternoon from the Bay area appears to be related to the time 
of maximum onshore surface pressure gradient (see detailed surface 
charts, Figures 5a to 5e). On both days of the study, the minimum 
onshore gradient occurred at 0700 (Figures 5a, 5d) and the maximum at 
1600 (Figures 5b and 5e). The gradient increase was caused by the 
greater intensity of the thermal low-pressure system in the interior 
valleys in the afternoon. Note that even in the evening hours when 
the jet was at its maximum intensity, there is very I ittle pressure 
gradient along the axis of the val ley (Figure 5c) and that the prin­
cipal driving force appears to be the pressure gradient from the Bay 
area inland to about Merced (MER), which forces air into the val ley 
and maintains its push through much of the night. 

There were, however, some minor changes in the pattern the second day 
of the study which significantly affected the intensity of the low-
level jet. Under normal summer conditions, the principal route for 
marine air to enter the San Joaquin Val ley is through the San Francisco 
Bay area thence northeastward into the Delta Region at the-northwest 
end of the val ley (Figure 6). Some marine air can also flow through 
low passes in the coastal hi I Is east of San Francisco Bay, as at Alta­
mont Pass (300M) west of Tracy (Figure I). However, when the base of 
the marine inversion reaches a height of approximately 500 meters or 
greater, cool marine air can spi II into the San Joaquin Valley over 
lower portions of the coast range from the west, especially through 
Pacheco Pass (420 meters) just west of San Louis Reservoir and Cholame 
Pass (520 M) northwest of Bakersfield. Depth of the marine air 
increased to this critical value from the first to the second day of the 
study as shown by the Oakland soundings. At 0400 August 2 (Figure 7a, 
dotted I ine), the base of the inversion was about 200 meters msl; at 
0400 August 3 (solid line), it had increased to a little over 500 meters. 
The base of the inversion lowered to about 400 meters at 0400 August 4 
(dashed I ine). The 1600 OAK soundings are shown in Figure 7b. Although 
there was no change in height of the inversion, slight cooling took 
place above the inversion from August 2 to August 3. 

On both August 2 and 3, the influx of modified marine air during the 
afternoon at Paso Robles was very marked, with winds shifting from 
westerly about 4 mps at 1400 to southwesterly 8 mps at 1500. The 
temperature dropped 9°F. during this hour on August 2, but only a 
smaller drop was observed on August 3, as some modified marine air 
was already present. 

Maximum temperatures on August 2 were wei 1-above normal in the interior 
val ley; 108 at Fresno and 109 at Bakersfield, for example. Temperatures 
were above normal in coastal valleys also; 105 at Paso Robles, for 
example. Presence of modified marine air in the San Joaquin Val ley on 
August 3 is reflected by [ower maximum temperatures, which were an 
average of 8 degrees cooler than on August 2. The 1500 August 2 
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observation at Pacheco Pass showed the surface wind to be northwest at 
3 mps, while at the same time on August 3 the wind WqS southwest at 12 

. mps·. The increase in depth of mari.ne air and associ21ted coolIng in 
I ower I ayers was a I so shown by hour I y ob~ervat i ens of. lt{i nd speed, 
temperature and relative humidity at Mt. Tamalpais (elevation 829 M) 
10 miles north of San Francisco (Table ll, by comparison of tempera­
tures from aircraft soundihgs at Stockton ~Figure 8), and by raobs 
at Fresno AWRR (Figure 9). The Naval Air Station sounding at Lemoore 
for 2250 is also shown in Figure 9. The sounding is similar to the 
one at AWRR. Note the extreme dryness of the air mass. This is 
typical of midsummer conditions in the val ley. 

For this study, August~ was considered to be a typical summer day, and 
August 3 slightly less typical due to the marine air influence. in the 
valley. Therefore, data from August 2 wi II be considered primarily, 
wfth reference td August 3 data when deemed significant. The jet was 
observed at a I I stations on both days of Project Lo-Jet, but was 
weaker on August 3, especially in the central part of the val ley. 

IV. RESULTS 

Time section and longitudinal analysis of Lo-Jet data (Figures 10 and 
I I) indicate the onset of the jet wind is generally earlier at the 
horthern end of the va I I ey than at the southern end. The sharp 
increase at Stockton from 2215 to 2315 August 2· (Figure lOb) is ques­
tionab1e because of the short duration (essentially one hour). Tracy 
d~ta was missing at this time and the increase was much less pronounced 
~t Sabrem~nto. Such a sharp increase would be difficult to explain, 
although· it could be due to a brief surge of marine air. 

Low-level winds in the north end of the valley at 1715 were stronger 
than in the central sections (Figures I Ia and 12a) and showed some 
increase near the time of sunset (about 1900). Since.this was the case 
both days of the study, it was assumed that the marine influx associated 
with formation of the dai.ly .jet had already begun priorto the first 
bbservat ion at 1715., and that the i ncr·ease about sunset was due to the 
decrease in surface frictional drag. 

In studies by Schultz and Fitzwater (1968) and Schultz (1970), the 
average time of onset of the marine influx into the Delta area was 
between 1500 and 1700 ... In the central sections of the val ley) as 
shown .by Lo-Jet data, the jet begins near the time of sunset, and.at 
the south end, about two hours I ater. The. I ater onset to the south 
results· in .hot. afternoon temperatures being maintained there for a 
longer period of time. Maximum temperatures at Stockton and Fresno 
on August 2 occurred around 1500 and at Bakersfield between 1600 and 
17.00. 

The .jet ~eached its greatest strength over the central portion of the 
valley (Figure. lid) with peak wind speed of 20.1 .mps over fresno <FAT) 
at 2015, at ~n elevation pf 433 meters AGL. 
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Figures 12a and 12b sho~ an eddy in the circulation over the south end 
of the val ley in the late afternoon. The later beginning of jet winds 
to the south gives the impression of a fast-moving mass of air flowing 
up the valley. From the quasi-horizontal flow patterns, Figure 12, 
however, it is apparent that no parcel of air moves up the val ley at 
speeds of about 25 mps, which would be necessary to correspond with 
onset of the jet in the central and southern parts of the val ley. 
Figures 12a - 12h indicate that the marine flow splits as it enters 
the interior valleys; with Sacramento (SAC) showing southwesterly 
winds, Stockton CSCK) and Tracy nearly westerly flow, whereas stations 
in the central and southern San Joaquin Val ley show a northwesterly 
flow. With the low-level jet showing peak wind speeds in the central 
portion of the valley (Figures lie- I If), there would have to be con­
siderable inflow from the sides of the val ley north of Fresno to 
account for continuity of mass flow. There is undoubtedly some down­
flow in canyons of the Sierra Nevada after sunset; however, this 

· downflow would occur along the entire length of the valley and not 
contribute essentially to peak winds in the central portion. Much of 
the inflow contributing to the central val ley jet maximum is probably 
due to marine air flowing through low gaps in the coastal hi lis, 
especially east of San Francisco Bay, as mentioned earlier. Pibal 
observers at Tracy reported westerly surface winds of close to 10 
mps during lats afternoon and early eve on both days of the study. 

Wind speed and temperature profiles at Fresno are shown in Figure 13. 
Wind speed plots at three hourly intervals from 1715 through 2315 
further emphasize the variation of the jet wind speeds with time and 
height. Note the dramatic increase in speed from 1715 to 2015 near 
500 M AGL. Also note thet the wind maximum is wei I above the tempera­
ture inversion. These wind speed profiles can be compared with the 
average profiles of Figure 2. 

Because of missing observations at Tracy, it was not possible to pre­
pare longitudinal sections along the west side of the val ley throughout 
the evening. However, a section along Tracy--Five Points--Taft is shown 
for 2115 (Figure 14) near the time of maximum jet winds. A comparison 
with Figure lie shows that the jet is simi Jar in strength on both sides 
of the val ley, but the jet maximum is located further to the north on 
the west side of the va I I ey, a I though I ack of pi ba I observations does 
not permit a precise location of the jet maximum. 

Since time sections (Figure 10) show that at nearly alI stations the 
jet was sti I I maintained at the last observation at 0015, it appears 
the jet in the val ley is present throughout much of the night, as was 
found by Schultz (1971) to be the case for winds in the Delta Region. 
Several special pibals taken at 2100 and 0330 in August 1961 at Fresno, 
showed n wei !-developed low-level jet at 2130, with about half the 
cases showing the jet (although much weaker) sti I I .present at the 0330 
observation. 

Fosberg and Schroeder (1963) referred to the leading edge of the daily 
influx of marine air into .the Delta Region as a sea breeze front. This 
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,front, according to their theory, loses its marine air temperature 
·and humidity characteristics by the time it moves into the interior 
val ley, but at the surface can be traced inland nea~ly 100 miles as 

·· a di scont i hu i ty in surface wind speed and direction. In the Lo-J et 
study, evtdence of the sea breeze influx appears to be present at 
Stockton as shown by th~ similarity of soundings there and at Oakland 
(Figures 7 and 8). Potential temperatures-at the top of the inversion 
are similar both places. Potential temperatures are also much 
i;he. same at Lemoore NAS and AWRR, Fresno (Figure 9}, but to prove 
or disprove al'l are related to the sea-breeze front is not within the 
scope of this study. Note that near the time of maximum jet develop­
~en~, 2115 August 2, Figure 15, the height of the top of the inver­
sion lowers from no~th to south in the val ley, but that the jet level 
becomes higher in this direction as far south as Fresno. The jet 
wind is wei I below the main inversion in the north end of the valley, 
and a I ittle ab6ve the main inversion in the central section of the 
val fey. Thfs seems reasonable~ ~ince the original marine push would 
be cool and shallow with greatest wind speeds ih the marine layer, as 
at Stockton. As the air modifies and pushes up the valley, the jet 
seeks a more normal position near or just above the top of the inver­
~ion, ~here frictional lnlfuences are less. 

Cross sections through the central part of the valley (Figure 16) 
show relatively I ight winds at 1715 and 1815, with the jet much 
stronger and with greater vertical extent on the east side (over· 
FAT) at 1915 (Figure 16c), but spreading westward after 2015. This 
westward spread of the jet maximum from Fresno to Five Pdlnts also 

'took place on Aug~~t 3 from '1915 to 2115. ·A' detle6tVhg effect due 
to'downslope winds from the high Sierra to the east may·be a partial 
explanation for this westward movement, but a complete explanation 
is not attempted here. 

T~e general wind flow up the val ley at various level~ at the approxi­
mate time the jet was best established (21 15) is shown in Figure 17. 
The jet is strongest at the 152-, 293-, and 433-meter levels, Fi~ures 
17b, c, ahd' d. The generally lower wind speeds in the'southern end 
of the va I I ey are thought to be due to the b I ock r ng effe'ct of the 
Teh~ch~pi range that forms the southern bound~ry of the val l~y . 

. Th'is range is fairly high with passes southeastward to the desert 
and southward to the Los Angeles basin about 1200 meters in elevation. 
Time sections at Taft and Bakersfield (Figure 10) show that the jet 
rrioves upward after its onset. This may be an indication of air 
pi I ing up in the south end of the val ley and flowing over the moun-

·.tai'ns' qr through th'e passes 'later at night. The directi'on of the 
winds C 300-340 degrees) at the time of 'the jet max I nium indicates; 
that if the jet does continue over the mountains, it most I ikely 
Is d i.rected southeastward toward the therma I I ow in the desert 
regions of southeast. Ca I i torn i a and western Arizona. If this ·is 
true, winds either over ridges or through passes should be strong 
northerly or no~thwesterly. Winds at Sandberg (1350 meters) 
located on a fid~e south of the val ley, were riortherly 2-4 mps most 
of the night of August 2 - 3, and southwesterly 4 - 7 mps the next 

-8-



night. This indicates I ittle or no movement of air from +h~ val ley 
over this particular ridge; however, observations are needed to check 
air movement through the passes. 

As mentioned earlier, the nocturnal jet was weaker at most stations 
on the second night (August 3 - 4) than on the eve of Aug~st 2 - 3. 
This was particularly true of stations In ~he central portion of the\ 
val ley (J .e., those near Fresno). There was very I ittle change in 
the large-scale synoptic situation (Figures 4c and 4d). However, a 
comparison of the detailed surface maps for 1600 August 2 and 3 
(Figures 5b and 5e) indicates that the pressure gradient from the 
coast to the center of the San Joaquin Val ley thermal low was greater 
on the 2nd--note the Monterey-Fresno pressure difference of 7 mbs as 
compared to 5.9 mbs on the 3rd. Also, there was more of a tendency 
for the nose of the High to move into the Delta Region on the 2nd. 
Thus the up-val ley pressure gradient, Stockton-Fresno, is I .7 mbs 
on the 2nd, but only 0.1 mb on the 3rd. There was therefore, reason 
for a stronger low-level flow on the 2nd. The higher pressure east 
of the Sierra on August 2 ls due principally to thunderstorm activity. 

Charts similar to those depicted for August 2 were also prepared for 
August 3; only a fBW of these wl I I be shown here, however. The time 
section for Fresno, August 3. (Figure 18a), is similar to the one for 
August 2 (Figure IOd), except that the primary jet, at 2015, is 
about 6 mps slower, and Is also located about 2 - 3 hundred meters 
lower. The latter-occurri~g Jet maximum, at 2300, is essentially 
unchanged. August 3 time sections for Bakersfield and Stockton 
(Figures IBb and IBc) show similar reductions in maximum wind speeds. 

A section along the west side of the val ley, through Tracy, Five 
Points, and Taft. for 2115 August 3 (Figure 19), indicates the jet 
to be weaker than on August 2 (Figure 14). Also note that the maxi­
mum is further south and at a higher elevation than on August 2. 
The axis of the jet slopes upward to the south over the southern 
end of the val ley on both nights. 

The lon~itudinal section, Sacramento-Bakersfield, taken near the time 
of strongest jet maximum, 2115, for August 3 (Figure 20), can be com­
pared. with the similar section for August 2 (Figure 15). The jet 
maximum was a I ittle weaker on August 3, but the principal difference 
is the greater height of the jet over Stockton on the 3rd (600 meters 
vs. 200 meters). Also note that the temperature at the top of the 
inversion on August 3 in the vicinity of Fresno is 6 degrees lower 
than on the 2nd. 

The horizontal flow at 293 meters near the time of maximum jet 
strength (Figure 21) may be compared with the same chart for August 2 
(Figure 17c). It can be seen that the flow patterns are similar, but 
wind speeds are slightly slower on August 3. Other features of the 
low-level jet on August 3 were similar to those on August 2, except 
for generally lower wind speeds, especially near the jet maximum and 
w i I I not be discussed her.e. 

-9-



V. CONCLUSIONS 

The low-level jet is almost a nightly occurrence .in the San Joaquin 
Val ley during summer. 1t forms near sunset, reaching maximum strength 
during the evening and continuSs to exist for much of the night, 
although with gradually diminishing intensity. Speeds of 15 to 20 
meters per second are not uncommon'at heights of 200 to 400 meters 
above ground. The jet is strongest in the central sections of the 
val ley. At the south end of the val ley there is the possibi I ity 
that it may rise and pass over the Tehachapi mountains toward the 
southeast. 

The timing of the jet indicates it is not related to the normal 
valley-mountain regime, as the jet flows upvalley at night .. Al~o the 
jet is not entfrely dependent on the land-sea breeze regime as it 
continues to teed into the val ley much of the night .. Rather, it is 
primarily related to larger-scale thermal and pressure patterns, 
depending on the intensity of the eastern Pacific high-pressure 
eel I and the southwest desert thermal Low. The jet is less developed 
when the marine inversion along the West Coast becomes sufficiently 
deep to allow cool air to spi II over portions of the coast rC!nge 
into the valley and weaken the thermal low in the interior, as. was 
the case on the second day of Project Lo-Jet. This provides the 
marine air with a shorter, broader path from ocean to mid-valley 
thermal Low. Forecasting location and strength of the jet should 
not be too' difficult, due to its persistence, known vertical extent, 
constant wind direction, and known distribution of wind speed 
th~ou~h the val ley. 

VI. SUGGESTIONS FOR FURTHER STUDY 

Although the jet has 'been shown to be present over the entire San 
Joaquin Val ley, its horizontal extent into adjoihinq foothi I Is has 
not been studied. A study of wind flbw from the edse of the val ley 
into foothil I and mountain areas is needed, especially to the east 
in the Sierra Nevada, where range and forest fires could be affected 
by low-level jet winds. Blow-up conditions of forest fires are 
suspected to be related to onset of the jet. 

No definite proof has been given that the jet winds blow out of the 
San Joaquin Val ley over the mountains toward the sbuth or southeast. 
This coul~ be of impottance to accumulation of air pollutants, indi­
cating whether the val ley is partially flushed out each evening in 
summer, or if the south end of the val ley becomes a giant reservoir 
for poI I uti on unt i I' some I a rger-sca I e weather phenomenon c I eans it 
out. Evening pibals at two or three points in passes of the Tehacha­
pfs would assist in.determin1ng flow out of the. ~outh end of the 
val ley. Also, one or two evening pibals a week during spring.and 
fa I 1. months could· better de·t i ne' the seasona I 'onset and ending .of 
the low-fevel jet~ This would be Of value for forecast.i~g purposes. 
The above proposals are all inexpensive and could be accomplished 
using 10-gram pi lot balloons and portable theodolites. 
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FIGURE 5A. SURFACE 
ANALYSIS, 0700 PST 
AUGUST 2, 1971. 
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FIGURE 5D. SURFACE 
ANALYSIS, 0700 PST 
AUGUST 3, 1971. 
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FIGURE 17A. SURFACE WINDS AT 2115 PST AUGUST 2, 1971. FULL BARB 

REPRESENTS 5 MPS FIGURE 17B. WINDS 152M. ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971. 
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FIGURE 17D. WINDS 433 M. ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971. 



'· 

FIGURE 17G. 111NDS 829 M, ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971 FIGURE 17H. WINDS 957 M, ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971. 
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FIGURE 17i. WINDS 1065 M. ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971 FIGURE 17J. WINDS.1213 M. ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971. 

FIGURE 17K. WINDS 1341 M. ABOVE GROUND LEVEL AT 2115 PST AUGUST 2, 1971. 
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