
~NITED STATES
DEPARTMENT OF
COMMERCE
PUBLICATION

•

Western Region

SA_LAKE CITY,
UTAH

May 1972

NOAA TM NWS WR 75

NOAA Technical Memorandum NWS WR 75
u.s. DEPARTMENT OF COMMERCE
Netione. Oceenic end Atmospheric Administration
Netionel Weetller Service

A Study of the Low Level Jet
Stream of the San Joaquin Valley
(Project Lo - Jet)

RONALD A. WILLIS AND PHILIP WILLIAMS, JR.



NOAA TECI:lNICAL MEto1ORANDA
~tlonal Weather Service, western Region Subseries

The National Weather Service (NWS) Western Region (WR) Subseries provides an Infonmal medium for the docu~~tatl~n
and uick dissemination of results not appropriate, or not yet ready, for formal publication. The series ~ ~se
to r~ ort on work In progress, to describe technical procedures and practices, or to relate progress to a 11m. ted
aUdle~ce. These Technical Memoranda wil I report on Investigati~ns ~evoted primarily to regional and local problems
of interest malnlv to personnel, and hence wll I not be widely dlstrJbuted.

Pa ers I to 23 are in the former series, ESSA Technical Memoranda, Western Region Technl:al Memoranda (WRTMJ;
pa~ers 24 to 59 are in the former series, ESSA Technical Memoranda, Weather aureau TechnIcal r~emoranda (W8TM).
Beginning with 60, the papers are part of the series, NOAA Technical Memoranda NWS.

Pa ers I to 23 except for 5 (revised edition) and 10, are avai lable from the National Weather Service weste~n
ReP'on scientific Services Division P. O. Box I I 18B, Federal aui Iding, 125 South State Street, Salt Lake CIty,
Ut~~ 841 I I. Papers 5 (revised edltl~nJ, 10, and al I others beginning with 24 are avai lable from t~e N~tlonal
Technical Information Service, U.S. Department of Commerce, SI I Is Bldg., 5285 Port Royal Road, SprIngfIeld, Va.
22151. Price: $3.00 paper copy; $0.95 microfiche. Order by accession number shown In parentheses at end of each
entry.

•

•

A. Youngberg and
Leonard W. Snellman, November 1966.
Miles of SacramenTo, California. J.

ESSA Technical Memoranda, Weather Bureau Technical Memoranda (WBTM)

Historical and Climatological StUdy of Grinnel I Glacier, Montana. Richard A. Oightman, July 1967.
(PB-l 7807 I)
Verification of Operational Probabi! ity of Precipitation Forecasts, Apri I 1966~rch 1967. W. W. Dickey.
October 1967. (PB-176240l
A Study of Winds in the Lake Mead Recreation Area. R. P. Augul is, J~nuary 1968. (PB-177830J
Objective Minimum Temperature Forecasting for Helena, Montana. D. E. Olsen, February 1968. (PB-177827)
Weather Extremes. R. J. Schmidli, April 1968 (re..-1sed July 1968). (PB-178928)
Sma I I-Scale Analysis and Prediction. Phi I Ip Wi I I lams, Jr., May 1968. (PB-178425)
Numerical Weather Prediction and Synoptic Meteorology. Capt. Thomas O. Murphy. U.S.A.F .• May 1968.
(AD-673365)
Precipitation Detection Probabi I ities by Salt Lake ARTC Radars. Robert K. Belesky, July 1968.
(PB-179084)
Probabi I lty Forecastlng--A Problem Analysis with Reference TO the Portland Fire Weather District. Harold S.
Ayer, july 1968. (PB-179289J
Objective Forecasting. Phi I ip I'll I I iams. Jr., August 1968. (AD-6B0425)
The WSR-57 Radar Program at Missoula, ~1ontana. R. Granger, October 1968. (PB-r80292)
Joint ESSA/FAA ARTC Radar Weather Survei I lance Program. Herbert P. Benrer and DeVon B. Smith, December 1966
(revised June 1970). (AD-6B1857)
Temperature Trends in Sacramento--Another Heat Island. Anthony D. Lentini, Februarv 1969. (Out of print.)
(PB-183055)
Disposal of Logging Residues Without Damage to Air Dual ity. Owen P. Cramer, M<:\rch 1969. (PB-183057)
CI imate of Phoenix, Arizona. R. J. Schmidt i, P. C. Kangleser, and R. S. Ingram. Apri I 1969. (Out of print.)
(PB-[84295)
Upper-Air Lows Over Northwestern United States. A. L. Jacobson, April 1969. (PB-184296J
The Man~~chlne Mix In Appl ied Weather Forecasting In the 1970s. L. W. Snel lman, August 1969. (PB-185068)
High Resolution Radiosonde Observations. W. S. Johnson, August 1969. (PB-r85673)
Analysis of the Southern Cal ifornia Santa Ana of January 15-17, 1966. Barry B. Aronovitch, August 1969.
(PB-185670J
Forecasting Maximum Temperatures at Helena, Montana. David E. Olsen, October 1969. (PB-IB5762)
Estimated Return Periods for Short-Duration Precipitation in Arizona. Paul C. Kangieser, OCtober 1959.
(PB-187763)
Precipitation Probabi I Ities in the Westarn Region Associated with Winter 500-mb ~!.ap Types. Rich3rd A.
Augulis, December 1969. (PB-188248)

ESSA Technical Memoranda

Some NOtes on Probability Forecasting. Edward D. Diemer, September 1965. (Out of print.)
Climatological Precipitation Probabilities. Compiled by Lucianne tl.iller, December 1965.
Western Region Pre- and Post-FP-3 Program, December I, 1965 to February 20, 1966. Edward D. Diemer, March
I ~66.
Use of Meteorological Satel lite Data. r~rch 1966.
Station Descriptions of local Effects on Synoptic Weather Patterns. Phi I Ip Wi I I iams, Jr., Aprl I 1966
(revised November 1967, October 1969). (PB-178000)
Improvement of Forecast Wording and Format. C. L. Glenn, ~~y 1966. .
Final Report on Precipitation Probabil ity Test Programs. Edward D. plemer, May 1966. .
Interpreting the RAREP. Herbert P. Benner, May 1966 (revised January 1967J. <Out of prInt.)
A Col lactlon of Papers Related to the 1966 Nt~ Primitive-Equation Model. June 19~6.
Sonic Boom. Loren Crow (6th Weather Wing, USAF, PamphletJ, June 1966. (Out of prlnt.J (AD-479366)
Some Electrical Processes in the Atmosphere. J. latham, June \966.
A Comparison of Fog Incidence at Missoula, Montana, with Surrounding Locations. Richard A. Dlghtman,
August 1966. <Out of prlnt.J
A Col lactlon of Technical Attachments on the 1966 NMC Primitive-Equation Model. Leonard W. Snellman,
August 1966. (Out of print.)
Application of Net Radiometer Measurements to Short-Range Fog and Stratus Forecasting at los Angeles.
Frederick Thomas, September 1966.
The Use of the Mean as an Estimate of "Normal" Precipitation in an Arid Region. Paul C. Kangieser,
November I966.
Some Notes on Acclimatization in Man. Edited by
A Digital ized Summary of Radar Echoes Within 100
l. B. Overaas. December 1966.
Limitations of Selected Meteorological Data. December 1966.
A Grid Method for Estimating Precipitation Amounts by Using the WSR-57 Radar. R. Granger, Decembor 1966.
<Out of print.J
Transmitting Radar Echo Locations to Locai Fire Control Agencies for Lightning Fire Detection. Robert R.
Peterson, March 1967. <Out of print.)
An Objective Aid for Forecasting the End of East Winds In the Columbia Gorge, July through October. n. John
Coparanis, April 1967.
Derivation of Radar Horizons In ~~untainous Terrain. Roger G. Pappas, Aprl I 1967.
"K" Chart Applications to Thundarstorm Forecasts Over the Western United States. Richard E. Hambidge, r-.\ay
1967.

WBTM 33
WBTM 34
WBTM 35

W8TM 31

WBrn 25
WBrM 27
wBn-, 28
waTM 29
wBrn 30

WBTM 32

WBTM 24

WRTM 22
WRTM 23

wBn~ 37
WBTM 38

WBTM 25

WRTM 18
WRTM 19

waTM 39
W8TM 40
WBTM 41
w8rn 42

WRlM 16
WRTM 17

WBn.1 43
WBm 44

WRThI 14

WRTM 15

WRTI~ 13

WRTM 20

WRTM 4
WRTM 5

WRTM 6
WR"l1~ 7
WRTM 8
WRTI-l9
\'lRTM 10
WRTM 11
WRTM 12

WRTM 21

WBrM 45/1

W8TM 36

WRTM I
WRTM 2
WRlM 3



()

)
,

U. S. DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

NATIONAL WEATHER SERVICE

NOAA Technical Memorandum NWSTM WR-75

A STUDY OF THE LOW LEVEL JET STREAM OF THE SAN JOAQUIN VALLEY
(PROJECT LO-JET)

Ronald A. Wi I I is
Weather Service Office

Fresno, California

Ph iii P Wi I Iiams, Jr.
Western Region Headquarters

Salt Lake City, Utah

WESTERN REGION
TECHNICAL MEMORANDUM NO. 75

SALT LAKE CITY, UTAH
MAY 1972



i)

Abstract

I.

TABLE OF CONTENTS

Introduction 1-3

)
I,

'J

II.

I " •

IV.

V.

VI.

VI I •

VIII.

Data Acquisition

The Synoptic Situation of August 2 - 3, 1971

Results

Conclusions

Suggestions for Further Study

Acknowledgments

References

i i

3-4

4-6

6-9

10

10

II

II

.~----------------_. .-



()

J
Tab Ie I.

Figure I.

LEGENDS FOR TA6LE AND FIGURES

Wind Speed, Temperature, and Relative Humidity at
Mt. Tamalpais, August 2, 3, 4, 1971

Lo-Jet Pibal Upper-Air Observation Network, Central
and Southern Ca I i forn ia

12

13

Figure 2. Average Wind Speeds at Fresno Air Terminal, July
1964 and 1965 14

Figure 3. Fresno Air Terminal Pibals, 2030 PST August I and
1315 PST August 2, 1971 14

Figure 4A. 500-mb Analysis, 1600 PST August 2, 1971 15

Figure 46. 500-mb Analysis, 1600 PST August 3, 1971 15

Figure 4C. Surface Analysis, ,1600 PST August 2, 1971 15

Figure 40. Surface Analysis, 1600 PST August 3, 1971 15

I) Figure 5A. Surface Analysis, 0700 PST August 2, 1971 16

Figure 56. Surface Analysis, 1600 PST August 2, 1971 16

Figure 5C. Surface Analysis, 2200 PST August 2, 1971 17

Figure 50. Surface Analysis, 0700 PST August 3, 1971 17

Figure 5E. Surface Analysis, 1600 PST August 3, 1971 17

Figure 6., Air Flow into San Joaquin Val ley on Days with Normal
and High Marine Inversions 18

Figure 7A. Oakland, Cal ifornia, Soundings for 0400 PST
August 2, 3, 4, 1971 19

Raob Soundings from AWRR Fresno, 2155'PST August 2,
1971; 2115 PST August 3; and Sounding at Lemoore NAS,
2250 PST August 2 20

l
/

)

)

Figure 76. Oakland, Cal ifornia, Soundings for 1600 PST
August 2 - 3, 1971

Figure 8. Stockton, Cal ifornia, Aircraft Soundings, 2030 PST
August 2 - 3, 1971

Figure 9.

Figure lOA. Time Section for Sacramento, August 2, 1971

iii

19

20

21



() LEGENDS FOR TABLE AND FIGURES (Continued) Page

Fi gure lOB. Time Section for Stockton, August 2, 1971 21

Figure 10C. Time Section for Tracy, August 2, 1971 22

Figure 100. Time Section for Fresno, August '2, 1971 22

J Fi gure 10E. Time Section for Caruthers, August 2, 1971 23

"
Fi gure 10F. Time Section for Five Points, August 2, 1971 23

Figure lOG. Time Section for Bakersfield, August 2, 1971 24

Fi"gure 10H. Time Section for Taft, August 2, 1971 24

Fi gure IIA. Long itud i na I Section Sacramento-Bakersfield for
1715 PST August 2, 1971 25

Fi gure liB. Longitudinal Section Sacramento-Bakersfield for
1815 PST August 2, 1971 25

Fi gure IIC. Longitudinal Section Sacramento-Bakersfield for
1915 PST August 2, 1971 26

....• ) Figure 110. Longitudinal Section Sacramento-Bakersfield for
2015 PST August 2, 1971 26

Figure II E. Longitudinal Section Sacramento-Bakersfield for
2115 PST August 2, 1971 27

Fi gure I IF. Long itu dina I Section Sacramento-Bakersfield for
2215 PST August 2, 1971 27

Fi gure IIG. Longitudinal Section Sacramento-Bakersfield for
2315 PST August 2, 1971 28

Figure IIH. Longitudinal Section Sacramento-Bakersfield for
0015 PST August 3, 1971 28

Fi gure 12A. Wi nds at 293 M. Above Ground for 1715 PST 8/2/71 29

J

Fi gure 12B. Winds at 293 M. Above Ground for 1815 PST 8/2/71 29

Figure 12C. Winds at 293 M. Above Ground for 1915 PST 8/2/71 29

I Fi gure 120. Wi nds at 293 M. Above Ground for 2015 PST 8/2/71 29

Fi gure 12E. Wi nds at 293 M. Above Ground for 21 I5 PST 8/2/71 30

) Fi gure 12F. Wi nds at 293 M. Above Ground for 2215 PST 8/2/71 30

Fi gure 12G. Winds at 293 M. Above Ground for 2315 PST 8/2/71 30

iv
- • _0. ___ •••__~_~____ ._ •• ___••___• __~_ ---_....__.--------



i) LEGENDS FOR TABLE AND FIGURES (Continued)

Figure 12H. Winds at 293 M. Above Ground for 0015 PST 8/3/71 30

Figure 13. Fresno Temperature, Wind Speed Profi les, 8/2/71 31

Figure 14. Longitudinal Section through Tracy-Taft for 2115 PST
August 2, 1971 31

Figure 15. Longitudinal Section Sacramento-Bakersfield, 2115 PST
August 2, 1971 32

Figure 16A. Cross Section from Five Points to Fresno for 1715 PST
August 2, 1971 33

Figure 16B. Cross Section from Five Points to Fresno for 1815 PST
August 2, 1971 33

Figure 16C. Cross Section from Five Points to Fresno for 1915 PST
August 2, 1971 34

Figure 160. Cross Section from Five Points to Fresno for 2015 PST
August 2, 1971 34

Figure 16E. Cross Section from Five Points to Fresno for 2115 PST
August 2, 197i 35

Figure 16F. Cross Section from Five Points to Fresno for 2215 PST
Aug ust 2, I 971 35

Figure 16G. Cross Section from Five Points to Fresno for 2315 PST
August 2, 1971 36

Figure 16H. Cross Section from Five Points to Fresno for 0015 PST
August 3, 1971 36

Figure 17A. Surface Winds at 2115 PST August 2, 1971 37

Figure 17B. Winds 152 M. Above Ground Level at 2115 PST 8/2/71 37

Figure 17C. Winds 293 M. Above Ground Level at 2115 PST 8/2/71 37

)
Figure 170. Winds 433 M. Above Ground Level at 2115 PST 8/2/71

Figure 17E. Winds 573 M. Above Ground Level at 2115 PST 8/2/71

Figure 17F. Winds 701 M. Above Ground Level at 2115 PST 8/2/71

37

38

38

Figure 17G. Winds 829 M. Above Ground Level at 2115 PST 8/2/71 38

) Figure 17H. Winds 957 M. Above Ground Level at 2115 PST 8/2/71 38

Figure 171. Winds 1085 M. Above Ground Level at 2115 PST 8/2/71 39

v

-------------- ....__ ...__ ._...._ .._-_..__ .. --------.-



i) LEGENDS FOR TABLE AND FIGURES (Continued) Page

Figure 17J. Wi nds 1213 M. Above Ground Level at 21 15 PST 8/2/71 39

Figure 17K. Winds 1341 M. Above Ground Level at 2115 PST 8/2/71 39

Fi gure 18A. Time Section for Fresno, August 3, 1971 40

.~ Fi gure 18B. Time Section for Bakersfield, August 3, 1971 40

Figure 18C. Time Section for Stockton, August 3, 1971 41/
./

Figure 19. Long itud ina I Section, Tracy-Taft, 21 15 PST
August 3, 1971 41

Fi gure 20. Longitudinal Section, Sacramento-Bakersfield,
2115 PST August 3, 1971 42

Figure 21. Wind Flow Over San Joaquin Val ley at 293 M.
2115 PST August 3, 1971 43

J

vi



()

J
I

A STUDY OF THE LOW LEVEL JET STREAM OF THE SAN JOAQUIN VALLEY
(PROJECT LO-JET)

ABSTRACT

A network of eight pibal observation points was set up in the San
Joaquin and southern Sacramento valleys of Cal ifornia to study the
low-level evening jet stream that has been found to exist almost
daily during summer. Data was also avai iable from special radio
sonde observations, an aircraft temperature sounding, wind tower
measurements and hourly and special surface observations. Pibal
,observations were taken hourly from 1715 PST to 0015 PST on two
consecutive evenings in early August 1971. Vertical sections,
both along and across the val ley, streaml ine analyses 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-val ley
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 val ley where cool marine air has an
unobstructed path into the val ley, and weakest in southern sections
where the vql 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 thermal low in the desert southwest, the source of cool
marine air to the northwest, downslope winds from mountains on
both sides of the val ley and reduction of surface frictional drag
at the top of the boundary layer after sunset are al I thought to
contribute to formation of the jet wind.

This summertime low-level jet stream is not un.ique to the San Joaquin
Val ley. Simi lar winds have been shown to exist in the Sacramento
valley and should be suspected to exist in other' valleys in the
western states wi·th simi lar geographical features. Once the existence
of such a wind pattern in an area is determ ined, accurate forecast i ng
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 Plains as a boundary-layer phenomenon, related to sta
bil ity in the lowest layer. Blackadar (1957) stated that "examples
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, with the wind-speed maximum located at the top of
the inversion. He postulates that after the nocturnal inversion
first begins to be establ ished, near sunset, turbulent mixing very
rapidly dies away above the inversion and ceases to have any impor
tant effect on the motions at these levels. Mi I ler (1968) studied
the relationship of wind profi les to the temperature inversion of
the San Francisco Bay area. He found a wind-speed minimum near the
base of the inversion and a maximum near the top that frequently
takes on the appearance of a jet. Rider and Armendariz (197i) have
found a high frequency of occurrence of nighttime low-level wind
maxima at White Sands Missi Ie Range, New Mexico. They identified
three types of low-level jet-I ike winds and classified them by
existing synoptic weather patterns and the height at which the
maximum wind speed was observed.

The San Joaquin Val ley low-level nocturnal jet most certainly has
some of the properties ascribed to jet phenomena in other local ities
by authors cited above; however, because of the topography of the
val ley and surrounding mountains, nearness to the ocean and marine
layer, and presence of the Pacific high with its subsidence inver
sion, the San Joaquin jet must differ in certain important aspects.

The existence of a strong northwesterly nocturnal jet wind over
Fresno, Cal ifornia, has been known for several years. This was shown
by evening 30-gram pibals formerly taken at the National Weather
Service Office (NWSO) Fresno. The jet wind appeared to be an almost
daily occurrence in the hot summer months. In a summary of data from
forty-two 2130 PST pibals taken during July 1964 and July 1965, the
average surface wind speed at Fresno (elevation 100 meters) was about
7 mps. Wind speeds increased to a maximum of 13 mps at about 600
meters msl, then decreased to about half that speed at a height of
1200 meters msl (Figure 2). If the strong low-level winds observed
at Fresno could aiso be found over much of the rest of the 100-mi Ie
wide 250-mi Ie long San Joaquin Val ley, it would be of considerable
importance to a variety of weather-oriented operations. Project
Lo-Jet was therefore initiated to determine the horizontal and ver
tical extent of this nocturnal low-level jet, the wind speeds
involved, its thermal characteristics and its relation to the overal I
large-scale wind, temperature and pressure patterns. Due to limited
resources, the study had to be confined to two evenings, August 2
and 3, 1971. These dates were chosen assuming the jet wind would
be at or near its maximum intensity during the hottest time of 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
flow later being up the San Joaquin Val ley toward the southeast.
Schultz and Fitzwater (1968l 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 al I days in
summer but decl ines to 25 percent in fal I 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.

II. DATA ACQUISITION

In order to study the San Joaquin Val ley summer nocturnal jet within
I imits of avai la~le resources, a network of seven pibal observation
points within the San Joaquin Val ley and one in the Sacramento Val ley
was establ ished (Figure I l. 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 theodol ite 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 el iminated necessity for a larger bal loon. The
slower ascension rate of the ten-gram bal loon 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 bal loons averaged about
128 meters per minute as compared to about 180 meters per minute for
a 30-gram bal loon. Azimuth and elevation angle readings were taken
each minute. Read i ngs every ha If mi nute woLi Id have been more des i ra
bie, 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: al I times mentioned in the discussion are PST.)

Two radiosonde observations (raobsl at Atmospheric Water Resources
Research (AWRRl, Fresno, (taken .at 2129 and 2215 August 2 and 3
respectivelyl, reached to about 3000 meters. One raob was taken at
Lemoore Naval Air Station (NLCl at 2250 August 2 to above the 300-mb

-3-
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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 meters above ground with the rate of
cl imb of the aircraft about 150 meters per minute.

The regular 1600 and 0400 radiosondes for Oakland were also avai lable
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 litary, 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
(Figure 3). The jet showed up well at 2030 August I (sol id line)
with the normal diurnal slack-ing at 1315 the next day (dashed line).

NWS personnel encountered some difficulties with pibal observations
at Tracy on August 2 due to inflation problems. No pibals were taken
at 1815 and 2315 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 bal loons
to compensate for weight of the unit. Test runs at a later date indi
cated the ascension rate of a bal loon thus inflated would be approxi
mately 80 percent of the normal rate. Data for the two hours in
question were then recalculated using the corrected ascension rate and
should be reasonably accurate. Other missing observations, for various
reasons, were the last 8 minutes of the 1715 August 2 observation at
Stockton, and the observations at Bakersfield for 2315 August 3 and
0015 August 4.

The very sl ight downward slope of the San Joaquin Val ley from south
to north, approximately 260 meters in 250 mi les, indicates the val ley
floor could be treated as a level surface. It is assumed frictional
influences, as measured by distance above ground level, are far more
important in this study then gravitational influences. For this reason,
quasi-horizontal charts hav~ been used to depict the flow at various
levels above ground. However, longitudinal sections along the val ley
have been presented with data plotted above msl to val idate this
assumption.

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

Typically during summer, a_ large surface high-pressure system lies off
the west coast of Cal ifornia with a thermal low dominating the desert
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areas northwestward through the interior valleys of Cal ifornia. 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
overall 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 detai led surface
charts, Figures Sa to 5e). On both days of the study, the minimum
onshore gradient occurred at 0700 (Figures Sa, 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
ma r ine air to enter the San Joaqu in Va I ley is through the San Franc isco
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 (300 M) 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 spil I into the San Joaquin Val ley 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 (so lid line), it had increased to a I itt Ie 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, sl ight cool ing 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 I-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 lower maximum temperatures, which were an
average of 8 degrees cooler than on August 2. The 1500 August 2
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observat ion at Pacheco Pass showed the surface wind to be northwest at
3 mps, whi [e at the same time on August 3 the wind was southwest at 12
mps. The increase in depth of marine air and associated cool ing in
[ower layers was also shown by hourly observations of wind speed,
temperature and relative humidity at Mt. Tamalpais (elevation 829 M)
10 miles north of San Francisco (Tab[e [), by comparison of tempera
tu res from aircraft sound i ngs at Stockton (F igure 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 simi tar 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 2 was considered to be a typical summer day, and
August 3 sl ightly less typical due to the marine air influence in the
val ley. Therefore, data from August 2 wi [I be considered primari [y,
with reference to August 3 data when deemed significant. The jet was
observed at al [ 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 earl ier at the
northern end of the va [ Iey than at the southern end. The sharp /)
increase at·Stockton from 2215 to 2315 August 2 (Figure lOb) is ques-·
tionable because of the short duration (essentially one hour). Tracy
data was missing at this time and the increase was much less pronounced
at Sacramento. 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 val ley at [715 were stronger
than in the central sections (Figures I [a and [2a) and showed some
increase near the time of sunset (about [900). Since this was the case
both days of the study, it was assumed that the marine influx associated
with formation of the daily jet had already begun prior to the first
observation at [715, and that the increase about sunset was due to the
decrease in surface frictional drag.

In studies by Schultz and Fitzwater ([968) and Schultz ([970), the
average time of onset of the marine influx into the De[ta area was
between [500 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 later. The later 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 [600 and
[700.

The jet reached its greatest strength over the central portion of the
val ley (Figure I id) with peak wind speed of 20.1 mps over Fresno (FAT)
at 2015, at an elevation of 433 meters AGL.
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Figures 12a and l.2b .show. 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 centra I and southern parts of the va II ey.
Figures 12a - 12h indicate that the marine flow spl its as it enters
the interior valleys; with Sacramento (SAC) showing southwesterly
winds, Stockton (SCK) 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 val ley (Figures I Ic - 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 val ley 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 hil Is,
especially east of San Francisco Bay, as mentioned earlier. Pibal
observers at Tracy reported westerly surface winds of close to 10
mps during late afternoon and early eve on both days of the study.

Wind speed and temperature profi les 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 MAGL. Also note· that the wind maximum is wei I above the tempera
ture inversion. These wind speed profiles can be compared with the
average profi les 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 even ing. However, a sect ion a long Tracy--F iva Po i nts--Taft is shown
for 2115 (Figure 14) near the time of maximum jet winds. A comparison
with Figure I Ie shows that the jet is simi lar 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 val ley, although lack of pibal observations does
not permit a precise location of the jet maximum.

Since time sect.ions (Figure 10) show that at nearly al I stations the
jet was sti I I maintained at the last observation at 0015, it appears
the jet in the valley is present throughout much of the night, as was
found by Schu Itz (1971) to .be the ca·se for winds in the De Ita Reg ion.
Several special pibals taken at 2100 and 0330 in August 1961 at Fresno,
showed '" we II -deve loped low-I eve 1 jet at 2130, wi thabout ha If the
cases showing the jet (although much weaker) sti II present at the 0330
observat ion. . .

Fosberg and Schroeder (1963) referred to the leading edge of the dai Iy
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 nearly 100 mi les as
a discontinuity in surface wind speed and direction. In the Lo-Jet
stUdy, evidence of the sea breeze influx appears to be present at"
Stockton as shown by the simi larity of soundings there and at Oakland
(Figures 7 and 8). Potential temperatures·at the top of the Inversion
are simi lar both places. Potential temperatures are also much
the same at Lemoore NAS and AWRR, Fresno (Figure 9), but to prove
or disprove al I are related to the sea-breeze front is not within the
scope of this study. Note that near the time of maximum jet develop
ment, 2115 August 2, Figure 15, the height of the top of the inver
sion lowers from north 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 val ley,
and a I ittle above the main inversion in the central section of the
val ley. This seems reasonable, since the original marine push would
be cool and shal low with greatest wind speeds in the marine layer, as
at Stockton. As the air modifies and pushes up the val ley, the jet
seeks a more normal position near or just above the top of the inver
sion, where frictional inlfuences are less.

Cross sections through the cehtral part of the val ley (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 .i'~

FAT) at i915 (Figure 16c), but spreading westward after 2015. This ~

westward spread of the jet maximum from Fresno to Five Points also
took place on August 3 from 1915 to 2115. A deflecting 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.

The general wind flow up the val ley at various levels at the approxi
mate time the jet was best establ ished (2115) is shown in Figure 17.
The jet is strongest at the 152-, 293-, and 433-meter levels, Figures
17b, c, and d. The generally lower wind speeds in the southern end
of the val ley are thought to be due to the blocking effect of the
Tehachapi range that forms the southern boundary of the val ley.
This 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
moves upward after its onset. This may be an indication of air
pil ing up in the south end of the val ley and flOWing over the moun
tains or through the passes later at night. The direct(on cif the
winds (300-340 degrees) at the time of, the jet maximum indicates
that If the jet does continue over the mountains, it most likely
is directed southeastward toward the thermal low in the desert
regions of southeast. Cal ifornia and western Arizona. If this is
true, winds either over ridges or through passes should be strong
norther Iy or northwester Iy. Winds at Sandberg (1350 meters)
located on a ridge south of the val ley, were northerly 2-4 mps most
of the night of August 2 - 3, and southwesterly 4 - 7 mps the next
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night. This indicates I ittle or no movement of air from the val ley
over this particular ridge; however, observations are needed to check
air movement through the passes.

As ment ioned ea r lie r, the noctu rna I .iet was wea ker at most stat ions
on the'second night (August 3 - 4) than on the eve of. August 2- 3.
This was particularly true of stations in the central portion of the \
valley (i.e., those near Fresno). There was very I ittle change in
the large-scale synoptic situation (Figures 4c and 4d.l. 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 di fferenceof 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-valley pressure gradient, Stockton-Fresno, Is 1.7 mbs
on the 2nd, but on IyO. I 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 is due principally to thunderstorm activity.

Charts similar to those depicted for August 2 were also prepared for
August 3; only a few of these wi I I be shown here, however. The time
section for Fresno, August ,3' (Figure IBa), is s.imilar to the one for
August 2 (Figure 10d), except that the primary ,jet, at 2015, is
about 6 mps slower, and is also located about 2 - 3 hundred meters
lower. The latter-occurring jet maximum, at 2300, is essentially
unchanged. August 3 time sections for Bakersfield and Stockton
(Figures IBb and IBc) show simi lar 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 e Ievat ion 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 longitudinal section, Sacramento-Bakersfield,taken near the time
of strongest jet maximum, 21,15, for August 3 (Figure 20)" can be com
pared with the simi lar 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). AI so note that the temperature at the top of .the
inversion on August 3 in the vicinity of Fresno is6 degrees lower
than on the 2nd.

The horizontal flow at 293 meters near the time of miximum 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 simi lar, but
wind speeds are sl ightly slower on August 3: Other features of the
low-level jet on August 3 were simi lar to those on August.2, except
for generalLy lower wind. speeds, especiallY near the jet maximum and
will not be discussed her,e.
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V. CONCLUSIONS

The low-level jet is almost a nightly occurrence in the San Joaquin
Val ley during summer. It forms near sunset, reaching maximum strength
during the evening and continues 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
val ley-mountain regime, as the jet flows upval ley at night. Also the
jet is not entirely dependent on the land-sea breeze regime as it
continues to feed 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 al low cool air to spi I lover portions of the coast range
into the val ley 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-val ley
thermal Low. Forecasting location and strength of the jet should
not be tod difficult, due to its persistence, known vertical extent,
constant wind direction, and known distribution of wind speed
'through 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 adjoininq foothi I Is has
not been studied. A study of wind flow from the edGe 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.

o

No definite proof has been given that the jet winds blowout of the
San Joaquin Val ley over the mountains toward the south or southeast.
This could be of importance 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 lution unti I some larger-scale weather phenomenon cleans it
out. Evening pibals at two or three points 'in passes of the Tehacha
pis would assist in.determining flow out of the. south end of the
val ley. Also, one or two evening pibals a week during spring and
fal I months could better define the seasonal onset and ending of ,)'
the low-level jet. This would be of value for forecasting purposes.
The above proposals are al I inexpensive and could be accomplished
using 10-gram pilot bal loons and portable theodol ites.
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STATION

MT. TAMALPA IS' (829 meters)

A. M. (PST)

DATA Windspeed (mps), Temperature (OF.), RelativE
Humiditv·(%). Auaust 2.3. and 4. 1971

P. M.

I

N
I

DATE I , . I I
2 I. .1 4 I 5' I 6 I 7 I • I 9 I 10 I 11 INoon 1 I 2 I 3 I 4 I 5 I 5 I 7 I 8 I 9 I 10 I 11 I >lid"

~~~~~ ~ ::t~ j:~~:tt i~i:: ~::~:: :~:~~: :~::~: ~:~~::r:::~:: :~:~~: :!~:~: ~:::~::r:~:~:: :~::~: :~~:~: :~:~:~:~i:~~:~ ~:~:~:~: ):~:~: :~:~:l~}j::~::~ :~:~~: :!:~:~:
Temper- 2 .7.2....IfL....7.2....7J"... .7.'L. .I;,l2 ..ll~ e.:? __ .1lQ__..e.o 7.'L __e.Q__ .7.11....Ie 7.'L ..7.9....7..IL .7.'L.7.:L. ..7.1....7.L .§e.__. .Jl~ 22__
atu~3~ __~.~~~~~~~.~~~.~~ ..~~~.~~~ffi~a.~~~

4 .23.__..9.4.__ 23 92.__ .2.0__..9.0 . . .__. .__. •.-- . __. . . ..__..__.

Re 1a- 2 27 25 27 12 I 5 1I 09 12 23 26 30 35 41 42 34 25 24 28 32 32 39 48 '52 47
t i ve 3 'Li3--' '<iT-- "39-- 'j's'-- 'Lio'-- 40---- --39-- --<i'C)-- 'LiLi'-- 4·;2---- --LiLi-- --liT' '42--' ·Li4---- --43-- --4'5"-- '50'-- '5"7'-- 56--·· --5"5'-- '52'-- '53'-- --58-- --57--
Hum I d I - 4 :~ii::: :~:~:::: 31:: j:7::: :§:t:::: :~~:::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: :::::::: ::::::::
ty . . __.__... .... .. . __

TABLE I. WIND SPEED, TEMPERATURE, AND RELATIVE HUMIDITY AT MT. TAMALPAIS, AUGUST 2, 3, 4,
1971 •
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FIGURE 17i. WINDS: loa~ M. ABOVE GROUND LEVEL. AT .,2115 PST AUGUST 2, 1971
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FIGORE J7J. WINDS 1213 M. ABOVE GRO~D LEVEL AT 2115 PST AUGUST 2, J971.
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FIGURE 17K. WINOS 1341 M. ABOVE GROiJ'lD LEVEL AT 2115 PST .AUGUST 2, 1971.
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FIGURE 21. WIND FLOW OVER SAN JOAQUIN VALLEY AT 293 M., 2115 PST AUGUST 3, 1971.
FULL BARB REPRESENTS 5 MPS. NUMBERS INDICATE DIRECTION TO TENS OF DEGREES.
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Western Region Technical Memoranda: (Continued)

Gordon C. Shields and Gerald B.

•

•

•

July 1970.

March 1970.

R. G. Pappas and C. M. Veliquette.

February 1970. (PB-190157)
Robert J. C. Burnash and Floyd E. Hug.

NOAA Technical Memoranda NWS

An Aid for Forecasting the Minimum Temperature at Medford, Oregon. Arthur W. Fritz,
October 1970. (COM-71-00120)
Relationship of Wind Velocity and Stabil ity to S02 Concentrations at Salt Lake City, Utah.
Werner J. Heck, January 1971. (COM-71-00232)
Forecast i ng the Cata I ina Eddy. Arthur L. Eiche Iberger, FebrlJary 1971. (COM-71-00223)
700-mb Warm Air Advection as a Forecasting Tool for Montana and Northern Idaho. Norris E.
Woerner. February 1971. (COM-71-00349)
Wind and Weather Regimes at Great Fal Is, Montana. Warren B. Price, March 1971.
CI imate of Sacramento, Cal ifornia. Wi Ibur E. Figgins, June 1971. (COM-71-00764)
A Preliminary Report on Correlation of ARTCC Radar Echoes and Precipitation. Wi lbur K.
Hall, June 1971. (COM-71-00B29ol
Precipitation Detection Probabl Iities by Los Angeles ARTC Radars. Dennis E. Ronne, July
1971. (COM-71-00925)
A Survey of Marine Weather Requirements. Herbert P. Benner, July 1971. (COM-71-00889)
National Weather Service Support to Soaring Activities. EI Iis Burton, August 1971.
(COM-71-00956)
Predicting Inversion Depths and Temperature Influences in the Helena Val ley. David E.
Olsen, October 1971. (COM-71-01037)
Western Region Synoptic Analysis-Problems and Methods. Philip Wi I I iams, Jr., February
1972. (COM-72-10433)
A Paradox Principle in the Prediction of Precipitation Type. "Thomas J. Weltz, February
1972. (COM-72-10432)
A Synoptic CI imatology for Snowstorms in Northwestern Nevada. Bert L. Nelson, Paul M.
Fransiol i, and Clarence M. Sakamoto, February 1972. (COM-72-10338)
Thunderstorms and Hai I Days Probabi Iities in Nevada. Clarence M. Sakamoto. Apri I
1972.

Precipitation Probabil ities in the Western Region Associated with Spring 500-mb Map
Types. Richard P. Augul is. January 1970. (PB-189434)
Precipitation Probabil ities in the Western Region Associated with Summer 500~b Map
Types. Richard P. Augul is. January 1970. (PB-189414)
Precipitation Probabil ities in the Western Region Associated with Fal I 500-mb Map Types.
Richard P. Augul is. January 1970. (PB-189435)
Appl ications of the Net Radiometer to Short-Range Fog and Stratus Forecasting at Eugene,
Oregon. L. Yee and E. Bates. December 1969. (PB-190476)
Statistical Analysis as a Flood Routing Tool. Robert J. C. Burnash. December 1969.
(PB-IBB744)
Tsunami. Richard A. Augul is.
Predicting Precipitation Type.
(PB-190962)
Statistical Report of Aeroal Iergens (Pol lens and Moldsl Fort Huachuca, Arizona 1969.
Wayne S. Johnson. April 1970. (PB-1917431
Western Region Sea State and Surf Forecaster's Manual.
Burdwell. July 1970. (PB-193102)
Sacramento Weather Radar CI imatology.
(PB-193347)
Experimental Air Qual ity Forecasts in the Sacramento Val ley. Norman S. Benes. August
1970. (PB-194128)
A Refinement of the Vorticity Field to Delineate Areas of Significant Precipitation.
Barry B. Aronovitch. August 1970.
Application of the SSARR Model to a Basin Without Discha~ge Record. Vai I Schermerhorn
and Donald W. Kuehl. August 1970. (PB-194394).
Areal Coverage of Precipitation in Northwestern Utah~ Phil ip Wil Itams, Jr., and Werner
J. Heck. September 1970. (PB-194389)
Prel iminary Report on Agricultural Field Burning vs. Atmospheric Visibi lity in the
Wil lamette Val ley of Oregon. Earl M. Bates and David O. Chilcote. September 1970.
(PB-194710)
Air Pollution by Jet Aircraft at Seattle-Tacoma Airport. Wal lace R. Donaldson. October
1970. (COM-71-00017)
Application of P.E. Model Forecast Parameters to Local-Area Forecasting. Leonard W.
Snellman. October 1970. (COM-71-Q0016)
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