
AD0-775 444

CLIMATIC HANDBOOK( FOR POINT MUGU AND
SAN NICOLAS ISLAND, PART 11. UPPER-MIR
DA TA

Robcrt de Violini

Pacific Missile Range

Point Mugu, California

19 January 1974

DISTRIBUTED BY:

National TechnicaI Inform-ton Servie
U. S. DEPARTMENT OF CUMMERCE
5285 Port Royal Road, Springfield Va. 22151 J

~OO5~o32~,'BeSt Available Copy



T*Am W~m1m PKW-T-74-

CLIMATIC HANDBOOK FOR

POINT UL AND SAN NICOLAS SLAND,

ROBERT do VIOLINI4.

APPROVED FOR PUBIC RELEASE;
DISTRIBUTION UNLIM4ITED.

bPACIFIC MISSILE RANJGE -

Point Mugu, California



IF)0 3P IC M*SI L K R A NG0

*,*~~-Po:t4T MUGU, CALIFORNIA

Ll W. Mi. HARNISH, R.ADM USN
jtg~ ~CbnunAnder

Dr I. A ., Head, Atmospheric Sciences Branch; CDR W. E. Heyl, Head, Geophysics
Divisin-,; and Mir R. S. KtcMulia, Deputy Range Operations Officer, have reviewed this report

L brrafla ion.

Approved by:
W. L MILLER
Technical Director

Technica! Publication PMR-TP-74.2

Published by...... .............. Editing and Writing Branch
Technical Publications Division

Photo/Graphics Department
Security classification........................LASSIHIED
First printing ......................... 310 copies



UNCLAMIFIED
SIECUV47V CLASSFCA,O. Of Y.,S PAG.E AUN, nw., 11-111)

READ INSTRCCTOWSREL)RT 3CMENTATIOW PAGE BEFOW' (704Pt.FETINC FOUW
a 11N G OVT ACC 156ONNQ I *I( iPEN'S CATALOG "U419

FldR-TP 74-2
A VITLt fh s IT aP or OP*0O*T 1. P99h00 CO.EntO

C. IMATiC HAN: 300K FOR PO.'"t )VITGU AND
SAN NICOLAS ISLAND, PART li UPPER-AIR DATA P!N wtOG310'NaN

7 4&.YOw., f7 6 COftTRAC O RNTNAY.U"9ftr1

Robot de V~ioli

0 109MFOMnONG ON.AIZAT.O. %AM&* AN0 *OON SS 10 PROP. L(..tPOETtb

Pacific Msaik RangefAAMO.UI MKM

Point Mugua. Caiforna 93V4 2

Is C04TINOLLING OVIFICK NAME ^NO £0..' IE5 12 af-ON DATE

19 January 1974

285
14 MONTORNGc AGINCV %AM1 6 *0DREi~ ,011 f - I -- t- 011-1 Is SE C ,SN*ty CL ASS '.,If Ih-. -WeE

UNCLASSIFIED
5.s Dl-cL 'S.~ Oft OO06A0W.6

.1 0.IYN,9UtOf STATEMENT -11,. hAp...

Approved for public release: distribution unlimited.

10 .1?N NOTES

Cliati .00 'K-1 .... A, -1
Chnai KE 00data San Nicolas Island, California

4eteorolotry Upper-ar data

Pacific Miisie Range Density
Point Mugu, California Temperature

Wind ___________

20 As., MAC (Cptl,.,*,t.* ..I . * IJd.,,,,vAV**At-,,-,N-)

In this handbook, upper-sir climatic data for Point Mugu and San Nicolas Island relating to
wind, temperature. pres~ure, and density between sea level and 200.CoO feet (62 kilomnetert) are
presented by both month and season. This publ~ction is a companion volume to PMsR*TP-74-1,
"Cbmatic Data for Point Mugu and San Nicolas Wtand, Part 1, Surface Data

DD 1473 go-to.. oP I Nov* 4-s oN4so~ UV UNC'LASSI[FIE D
lI~v, t CLSSE C *054oP T11% PAGE 1S S.Ps..e



PREFACE

The climatic handbooks for Point M~ugu adSan Nicolas Idand are intended as basic refer-

ences both for personnel of the Pacific Missile RAnige's Geophysics Division, and for those who
are now using or ate planning to use, the facilities of the PMR. These volumes contain descrip-
tions of the surface (Part 1) and Lipper-air (Part 11) weather phenomena which may influence the
scheduling or results of operaticns carried out on the range. The extensive revisions contained
in these publications dictate that the two earlier publications of similar name (PMR-MR-67-2
and PMR-MR-69-7) sliddk b! discarded.

IV 
-k -g kI4o s| 

•

The present volumes should be considered as complementary to the Point Mugu Forecasters
Handbook (PMR-TP-72-1. AD 747641) of I April 1972. That publication contains technical

* discussions of meteorological phenomena affecting both the local Point Mugu-Ventura County
* arta and southern Cahfornia in general, and is designed for use by the professional meteorologi-

cal community.
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SUMMARY

Upper-air meteorological data-primarily winds and temperatur-s-for Point Mugu and San
Nicolas Island have been summarized and are presented here in two sections.

The first section includes the altitude range from sea level to 100,000 feet, or 31 kilom-
eters, obtair.-d through the use of rawinsonde data to that altitude from San Nicolas Island.
Supplementary data from Point Mugu balloon soundings are included below 60,000 feet. The
data provided include occurrence frequencies of wind velocity components, mean values and
ranges of temperature, moisture, and height at the standard pressure levels, and the mean vertial
patterns of the temperature and of the zonal and meridional wind components.

The second section presents somewhat similar data, but for altitudes extending above
100.000 feet. From data obtained from the firings of meteorological rockets at Point Mugu,
mean pictures of the wind and temperature patterns at these higher altitudes are provided to
approximately 200,000 feet, or 61 kilometers.

Two appendixes present preliminary summaries of balloon-borne ozonesonde data and fall-
ing sphere measurements of high-altitde winds and thermodynamics. A third appendix provides
comparison data from the 1962 U.S. standard Atmosphere and the 19")6 Standard Atmosphere
Su.pplements as they apply to the Point Mugu-San Nicolas island area.
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INTRODUCTION

Upper air data (wuiry., temperature, pressure-height, moisture, etc.) for Poit Mugu ard SaniI Nicolas Island are presented here to supplement the surface climatic data fouad in Part I (refer-
ence 1) of this publication. Station locations and histories are also to be found in that volumt.
'-chni,-al discussion (if meteorological rphenomeni. affecting Southern California may be found
in reference 2.

The upper-air data are given here in two sections. aoc:ding lo altitude. Thbe lowzr portion.
between the surface and 100,000 feet (abut 31 kilom'!ters'l is based on balloon-borne rawin-
sonde data from SAn Nicolas Island and Point Mlugu, California. Tables in appendix A summarize
ozone data in t~~is lower portion. Thie upper portion extends to 200,000 fceet (abo-ut 62 kiom-
eters). It is based on data collected from fir.ngs of meteorological rockets at Pont Mugu.
Tables in appendix B extend these data to 280.000 feet (85 kilometers) based on preliminary
analysts of falling-sphere data from the high-altitude Viper-Dart -Robin system.

"In ihe text, conversioni from reet to kilomcierm and vice versa have been rounded off,

Preceding page blank3



TERMINOLOGY

The terms and units in this publication are those in common meteorological usage. They
are listed below, with some definitions and conversion factors.

WIND SPEED

Given in knots or meters per second (this difference is z result of the source tabulations
having been prepared in differing formats). One knot is 0.514791 meter per second, 1.15155
miles per hour. One meter per second is 1.94254 knots, 2.23694 miles per hour.

WIND DIRECTION

Always the direction from which the wind is blowing. In upper-air measurement, direc-
tions are usually given to the nearest 10 degrees (a 36-point compass) as measured clockwise
front true North, but in many data tabulations, direction is given to 16 points of the compass
(N, NNW, NW, WNW, etc.). Values of the 16-point compass in degrees are provided in table 1.

Table 1. Wind Direction Conversion Table

Composs Point Degrees Tre Range
(Inclusive Degrees)

N 000 349 to 011
NNE 022.5 012 to 033
NE 045 034 to 056
ENE 067.5 057 to 078
E 090 079 to 101
ESE 112.S 102 to 123
SE 135 124 to 146
SSE 157.5 147 to 1611
S iS0 169 to 191

SSW 202.5 192 to 213
SW 225 214 to 236
WSW 247.5 .237 to 2S8
1 270 259 to 281
WNW 292.5 282 to 303
NW 31S 304 to 326
INW 337.5 327 to 348
K 360 349 to 011

Preceding page blank 5



WIND COMPONENTS

Since wind velocity is a vector quantity having both magnitude and direction, it is often
convenient for purposes of numerical manipulation to resolve the wind into its component parts.
A northwesterly wind, for example, has both north and west components and can be described
in those terms alone. The north-south component is the meridional or U component, the east-
west corn nent is the zonal or V component. The south and west portions are positive. Thus
a -14 k..it meridional (or U) component and a +10 knot zonal (o: V) component combine to
fin a resultant wind velocaty of 306 degrees at 17 knots. Summarized wind data are often
presented in terms of the zonal "nd meridional componenth only.

TEMPERATURE

In degrees Celsius.

PRESSURE

In millibars. One thousand millibars equal 29.53 inches of mercury, 14.5038 pounds per
sq-are inch. Ten pounds per square inch eq,:al 689.476 milliars.

RELATIVE HUMIDITY

In percent of saturation (100 percent).

HEIGHT

In feet or kilometers. Supplementary scales indicating the sec'ndary unit of measurement
are included in the figures. One thousand feet are 0.3048 kilometer; one kilometer is 3,280 9399
feet. Conversion ivtsings for feet to kilometers and kilometers to fiet are incorporated in tables
(-I and (-2 in appendix C.

The several major regiont of the atmosphere (indicated in the temperature-altitude profide
of figure CA- in appendix C) are generally defined by their temperature characteristics, as in the
following paragraphs.

TROPOSPHERE

The lowest regi)n of the atmo-phcre, the troposphere, is surface-based and is the region
within which the major portion ai weather phenomena occur. It is characterized by a general
decrease of temperature with increasing altitude. The top of the troposphere is the tropopause.
This level can be defined as the height (above 500 millibars) at which the temperature lapse rate
decreases to become 2 Celsius degrees or less per kilomeier. The height and temperature( of the
tropopauxe vary with the latitude, and to some extent, with the time of the year. It is highest
and coldest in the tropics. .curring as high as ablut 18 kilometers (6..000 feet). and has a
mean temperature of neatly -- *C. At nmdlditudes, the tropopause is often found near I I
kilometers (36,000 feet) and with a mean temperahtre of about -56' C. The average tropopaise
height in polar regions is close to 9 kilometers (30.000 feet) and is higher in summer than in
winter. The mean Iropopause temperature at nigh latitudes is nearly -53" C and is warmer in
summer than in winter.

6



STRATOSPHERE

This region extends upward frrn the tropopause !o about 50 kilometers (164,000 feet).
It is a very stable region and is character zed by a general increase of temperature with altitude.
The top of the stratosphere is the stratopaure. Its temperature is close to -3"C.

MESOSPHERE

This region extends upward from the stratopause to a'out 80 kilometers (260,000 feet).
It is characterized by a general dterease of tem~perature with altitude. The temperature at the
upper boundary, the mesopause, is close to -90' C. (Above tie mesopause, the temperatum once

aagain increases--the thermosphere-reaching values of over 1,000'C at an altitude of about 245
kdometers or 785,000 feet.)
me

Detailed discussi.,... of the characteristics of the atmosphere at le;'els above the tropopause
may be found in references 3 and 4.
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UPPER A.R DATA TO 100,000 FEET

This section contains presentations of upper-air data based on balloon observations made
at Point Mugu between 1948 and 1968; at San Nicolas Island bt-tween 1953 and 1968; and
summarized by the Naval Weather Service Environmental Detactinent at the National Climatic
Center, Aileville, North Carolina (references 5 and 6).

Althousgh the overall period of record at Point Mugu is longer than at San Nicolas Island,
there were far fewer observations made at Point Mugu during this time period. The Point Mugu
observations have also been much more sporadic during this period of record than thoe nide
at San Nicolas Island. Thus, the San Nicolas Island data are felt to present a more representa-
tive picture of conditions over the sea test range, particularly above the first few thouand feet,
than do the data from Point Mugu.

The instrumentation system used in these upper-air soundings consisted. for the most part,
of the AN/GMD-I ground equipment and the AN/AMT-4D flight instrument. In more re,nt
years. the AN/GMD-2 ground equipment and the AN/AMQ-9 instrument were used for a number
of the soundings. However, there war no attempt to segregate the data obtained with either
system. Information regarding the data reliability of these systems may be *ound in reference 7.
Observational procedures have been in accordance with instructions contained in the editions of
references 8 and 9 that were current at the time of the observations.

WIND DATA

Wkns-Aloft Frquency Profile

Vertical profiles of the annual ind seasv)nal wind distribution over San Nicolts Island and
Point Mugu to 60.000 feet (about 18 kilometers) are shown in figures I through 10 and I I
through 20, respectively. These figures nrcvide, first, profiles of the frequency distribution of
t'.e scalar wind speed, and then the distributions of the zonal (east-west) and meridional (north-
,,uth) components of the mean resultant wind vector. In accordance with standad meteoro-
logical practice, the wind components are positive when from the west or south. The seasons
are detined as: winter, December through February; spring, March through May; summer, June
through August; and autumn, September through November.

In each figure, the mean speed profile is plotted along with profiles of the speed values
one standard deviation above and below that mean speed and profiles of the speed values reached
in 1, 5, 95. and 99 percent of the observations. These profiles are intended for f'rstook general-
izalins aid, as such, are presented without great detail for annual and ies~nal wind data.

Preceding pae blank 9



Chaaetastics of Wia Profiles

At both locations, the annual scalar wind profiles show a general increase of mean wind
speed from about 10 knots near the stuf ice to a maximum of about 48 knots near 40,000 feet.
Seasonally, the strongest mear winds occ .r in winter. Located in the height interval between
about 35,000 and 40,000 feet, they aveiage about 57 knots. The spring profiles show only a
slight decrease from the winter values. in summer, the lowest mean speeds of the year are seen,
ith the maximum down to about 37 knots. In autumn, the wind speeds begin to increase

again with average peak speeds reaching about 45 knots.

The mean zonal winds through 60,000 feet show a strong westerly component during
most of the year. The westerlies are strongest in winter and weakest in summer. The greatest
variability in the magnitude of the zonal component appears in winter when the otherwise pre-
vailing westerlies are replaced on occasion by winds with an easterly component.

Annually, the mean meridional wind has a weak northerly component to about 30,000
feet and becomes somewhat more southerly above that altitude. Seasonally. the strongest
northerly components are seen in winter, but there are stronger southerly components in the
,'ids of summer. As with the zonal component, the variability )f the meridional component

is greatest in winter as the direction of the wind vector fluctuates with the passage of successive
troughs and ridges. The least variability of the meridionl component is seen in summer. This
is a result of the mid-latitude centers of action moving to the north during this part of the year,
replaced by relatively steady west-southwesterly winds from the subtropical Pacific. The spring
and autumn profiles exhibit a very weak meridional component at all altitudes, switching from
northerly to southerly above abou! 35,000 feet.
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Cumulative Frequency Disributions

Much more detailed tabular listings of wind distribution data, including monthly, annual,
and seasonal compilations, are provided in tables 2 through 52 for San Nicolas Island andi in
tables 53 through 103 for Point Mugu. The San Nicolas Wand data are givento the 10-millibar
level (about 102,000 feet or 31 kilometers) arJ thom for Point Mugu to the 70-millibai level
(about 61,000 feet or 18 kilometers). lIt each table the wind data are presented at the standard
pressure levels (see table 104 for a listing of these with their Standard Atmosphere heights) with
the mean height of the level for the month or season concerned. The wind data are in the fonn
of a cumulative frequency distribution at I-, 5-, 10-, 25-, :0-. 75-, 90-. and 99-percent levels of
occurrence, in addition to the values at +1 and +2 standard deviations from the mean (50 percent
level). There are three tables for each month or season: inOe for the scalar wind-speed distribu-
tion nd two for the components of the mean resultant wind vecter.

Two limitations should be kept in mind when using these data. The first deals with winds
at the jet stream level. Bec ,use these wind data are provided for standard pressure levels only,
the level of maximum winds-the jet steam -cannot be pcsitioned precisely in altitude. This
level will often occur between the standard pressure level!i, and so oly a zone within which the
jet stream will most likemy be found can be determined. F3r ins.ance, in figures I through 5, it
can be seen to occur riost likely in the (egion between 35 '000 and 45,000 feet. The value of
the mean speed at th'ese heights cannot be taken as repree.ntative of -et stream wind speeds.
Rather, the 95- or 99-percent speed value might be a m-.e likely indicator of those speeds.

the second limitation concerns wind shear. Normz.l observational procedures and the
recognized limitations of the conventional rawinsonde equipment used for observing upper-level
winds, when combined with the relatively large vertical spacing of the available data, have effec-
tively masked out small-scale wind shears and have smoothed largtr scale shears significantly.
It is quite possible that maximum shears several times gr,!ater than those implied by the data
presented here are possible. Thus caution should be cxe.-cised in any attempt to infer wind
shear data from these profiles and tables.
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Winds-Aloft rim* Sections

Figures 2t and 22 (a) and (b) present vertical time sections of the mean wind patterns
to 100,000 feet over San Nicolas Island, month by month. These are 'Cased on information in

tables 17 through 52. Mean scalar wind speeds are shown in figure 2i.

In figure 21, it is seen that there is a well-defined region of speeds over 60 knots in the
zone between 37,000 and 43,000 feet during February and March. A secondary maximum of
slightly over 40 knots occurs in September between 35,000 and 45,000 feet. The lightest mean
speeds at any altitude below the stratonull, the stratospheric wind minimum, are found in July
and August. The stratonull is evident near 70.000 fezt with minimum speeds of less than 10
knots found in spring and autumn.

Similar time sections of the mean zonal and meridional components are provided in figure

22 (a) and (b). The strongest westerlies are seen near 40,000 feet in late winter and early spring
with summer easterlies prominent above about 60,000 teet. Light northerly wind components

are seen through the winter six months of the year, with stronger southerly components evident
in the warmer months. At stratospheric levels, the -iesterly component is quite weak, with

summer easterlies as the predominant feature at these altitudes. The meridional component in
the stratosphere is very weak and about equally likely to be northerly or southerly.
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TEMPERATURE DATA

Mom Upper-Air Temperature Profiles

Arnual and seasonal proi'des of upper-air temperature distributions, presented in a manner
similar to those of the wind distributions, are shown in figures 23 through 27 for San Nicolas
Island and figures 28 through 32 for Point Mugu. In addition to profiles of the mean tempera-
ture and the t I standard deviation envelope, profiles are also plotted for the I- and 99-percent
occurrence frequencies.

As with the wind data. these curves are plotted at the mean heights of !he standard pres-
sure levels. Therefore. the inflection point of the mein temperature curves for either station
should not be taken as a precise indicator of e;' the base or top o!" the low-level inversion or
of the height of the tropopause.

Although the lower structulre of the temperature profiles for Point Mugu might be taken
as generally representative of the thermal conditions over the immediately adjacent ocean area.
this is not true of the San Nicolas Island data. Surface at Point Mugu is 12 feet MSL. For San
Nicolas, the height of the radiosonde release point was 571 feet (174 meters). Thus the station
is. o.- many occasons, well within the inversion layer and only the inversion top is measured by
the sounding. For the same reason, the Sari Nicolas Island surface data cannot be taken as
representative of surface (sea-level) conditions over the surrounding waters. Also, because of
the nature of the standard methods by which the data have been summarized, one cannot infer
any of the fine structure of the atmospheric temperature profiles at either station.

LE__W
& = I 1:O r991"c".

z x) ST. MY.

s..

-~~ r~r4~Rru&JTU~t[ G. CELSIUS ~ rr e o

Fgure 23 Upper Ar Temperatures for Son Ncolas: Annual.
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Figure 2. Upper-Air Temperatures for San Nicolas Island: Wping.
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Figu~re 26. Upper-Air Temperatures for San Nicolas Island: Sumnme,.
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Figure 27. Upper-Air Temperatures, for Son Nicolas Il/and: Autumn,
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figure 28. Upper-Air T~mperatures for Point M~ugu, jlifornia. Annual.
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Figure 30, Upper.Air remeotufn for Point Mupu, California: Spring.

LEG146: = LC gg PCT.

+ = g! STO. 3EDV.

F ium 31. Upper.Ait rTemneretrose for Point Mugu, California: Su mm
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Figuire 32. Uroer.Aor Temntoratures for Point Mugu, Cah"onia Autul~n.

Cumnulative Frequency Distributions

rumuiative frequen -y distributions of the temperatuies aloft between the surface an'! the

i lO1-mb level (approximately 102,000 feet) are provided for each month as well as seasonally anod

~~annually in !-ables 1W, through 120 and 121 through 137 for San Nicolas Island and Poin't Mugu.

respectively. Tes,. are presented in a manner similar to the earlier tables of the wind frequency

distribution.
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Mea~n Tempeature Time Seciion

San Nicolas IQ;.nd mean temperature data from tables 109 to 120 have been used in pre-
paring a time-section of the vertical temperature distribution over the Sea Test Range between
the surface and 100000X) feet (figure 33). The summertime inverson is quite apparent from the
closed 20" C isotherm near the surface.

The mnean tree/ing level is near 11,000 feet in the winter months. rising to about 15,000
teet in sumimer. The trOPOPause IS found rreir 41,000 1feet at a temperature of about -S8*C
in tiinter and sr nng and rises to about 51,000 feet and a temperature of -67' C in summer and
auumn. (These height determinations are based on the criteria for defining (he tropopause
h~eight in data f'vr a radiosonde ascent (see ref erence 81.)

TF',49* 8A URF IN DECFGFfS CiLSI (A

?0

400-

30 1

200

mwIrv +77 Mv," Monrhly Uppor-Air Temtperarufes, U.n Nocols tiand.
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I

Mean Seasonal Temperature Profiles

The January and July temperature data for San Nicolas Island were used in preparing mean
profiles (figure 34) for those months to compare with both the U.S. Standard Atmosphere pro-
file, and the January and July temperature pi ofiles of the 30' N Supplemental Atmospheres
(references 10 and I I). Note that the mean San Nicolas Island profiles do more closely approxi-
mate the Supp!emental Atmosphere curves than that of the Standard Atmosphere.

JANUARY JULY

100
FT, KM /30

90 28

II SAN NICOLAS ISLAND, J A- SAN NICOLAS ISLAND.
JANUARY JULY 26

go 1962 U.S. STANDARU 1962 U S. STANDARD80 ,ATMOSPHERE . ATMOSPHERE
00--3

0 
N. JANUARY SUPPLE. 30

0
N. JULY SUPPLE- 24

MENTAL ATMOSPHERE MENTAL ATMOSPHERE
A 70 22

I', 20

0 6" * 1 6 
°

0 6Awz I

i 30 . I0E~
\0

-
4 14

404

10

8

20
6

'0 .

-60 -70 -0-60 -40 -30 -20 -10 0 10 20 3 40-.80 -70 -60 -50 -4O -30 -20 -10 0 10 20 30 40
TEMPERA'ruE (DEGREES CELSIUS)

F:gure .34 Mean Temperature Profile Cunpdrfsn, Poinr Mugu, California,
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Uppw Air Density

Tables 109 to 120 do not include mean values of density, but density c: be computed
if one assumes that the mean temperature occurs simultaneously with the pres ure value of the
standard level, by usi,:g the following equation.

p =348.38(-T

where

p = density in grams per cubic meter
P = pressure in mdlibars
Tv = virtual t.mrperaiure in Kelvin (K = degrees Celsius +273.15)

B cause the density varies with the amount of moisture in the air as well as with temperature
aid pressure, it is necessary t, include a correction for this moisture content. This is done
tho,.,u,h the use ot the virlaal temperature. T,, a figure that is a!ways greater than the tempera-
tue. T. The difference between T, and T inc.eases with increasing relative humidity at a given
temperaiure and piessure, and also increases with increasing temperature and decreasing pressure
;t a given humidity. Full data concerning this temperature increment may be found in table 72
of the Smithsonian Metehorolgical Tables (reference 12). A large -alue of the temperature incre-
ment would be, for example. 3.6 Celsius degrees at 25' C (77' F" .nd 1000-miflibar pressure
with tO-percent humidity. Through most of the Standard Atmosphere temperature-pressure
curve, the increment is less than 1.5" C, and it dec~eases to) zero at temperatures colder than
-40' C.

PfESSURE-HEIGHT DATA

I Tables 139 through 142 and 143 through 14" list the cumulative frequency distribution
of the heights of the standard pressure levels for each season for the entire year for San Nicolas
Island and Point Mugu. respectively.
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STANDARD AND MONTHLY MEAN ATMOSPHERIC VALUES

Table 148 lists the F'andard Atmosphere values of height, :emperature, and density at the
pressure levels designated as "standard" for meteorological purposes (from teference 10). It is
these values that are used most often as the refererice in determining the departure of observed
or mean upper-air data from a standard value.

"abe 148. Standara Prowure Levls-Height, Premure, and Deshsity

(Frer. 1962 U S Standard Amo.pt0 re)

Height I Height Temperature Temperature D
Pressure Density

(Millibars, (Meters) (Feet) (Degrees (Degrees I (Grams Meter
3

)
eGeopotential) Cl sius) K vin)

1013.2 0 0 -15.0 288.2 122.0

1000 I1l 364 '14.4 287.5 1213.3

950 540 1.772 +11.4 284.6 1161.6
900 988 3,241 +8.5 23 1.7 1111.7

850 1,457 4,780 +5.6 2:8.7 1063.4

800 1,949 6.394 +2.3 275.5 1011.6

750 2,466 8,091 -0.9 272.2 96!.8
700 3.0 12 9,882 -4. 5 268.7 ()09.3

650 3,51 11.781 -8.4 264.8 854.5

600 4,206 13,799 -12.3 260.9 802.2

55) 4,P5 15,91 -16.5 _56.6 748.4
500 5,574 18,287 -21.0 252.1 to0.3.7

450 6,344 20,814 -26. 246.9 634.9

400 7.185 23,573 -3L.4 241.7 580.0

350 8.117 26,631 -37.5 235.6 519.7

300 9,164 30.066 -44.4 228.8 458.7

15n- 10,363 -3,41- -52.2 221 0 39; 9

200 11,784 38.661 -56.5 216.7 321 Q

17i 12,611 41.440 -56 5 216 7 279 1

150 13,608 44.646 -56.5 216 7 242,o I
125 14,765 48,442 -56 5 216 7 200 9

l0(1 16.180 53,084 -56 5 216 7 Itt 1

8o 17.589 57, 726 -56.5 216 7 128 6

70 18,442 60.505 -56 5 210 7 112 5

60 11,419 t. 711 -56 5 216 ; 06-1

5) 20, c;76 67, 5117 -55 9 217 3 80 7

41 22 (10 72.178 - l 5 2187 63 ;

1: 23,81: 78 23I -;2 7 220 S -17 .

25 25,029 82 11, -I 5 2 1 7 30 1

20) 26.481 8',88 ) -50.0 "2.'. I 31 "

1 -4, 11 41,71 -48.1 225.1) 23.2

10 1 I 8Kt -45 2..7 7 11,
3 4; k, . 1 1783 -I 4 232 6 10 5

.1-.77 117.377 -33 8 21) 0 7 3

37.55 12..S -29 5 243 7 5 7

39,4.") 124. 12 -23 7 24 4

42 440 13'1 21, -'1P 2 25 " 27

0 I 1 " 4 -2 5 2701 7
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Annual. seasoral. and monthly listings of lemperAture, pressure-height, and relative hutmid y
at 1hese levels to IG mb fir San Nicolas Isand and Point Mugu are given in tables 149 thcough
165 and 1 6t through 1 X2, respectivelk In these two sets of tables, the mean height and tem-
perature and their standard deviations are !isted at each level. along with the median value of

the relative humidirt, Thew median valtes of humtditv ire given to the nearest 5 percent and
are not liled once the mean teniperIture at a level is less than -40 C.

Table 14W Mean Upper Air Height and Tempeuature Data for San Nicolas I0": Anmaa

NU. O'SF QvATII)N% -- StJo4FAC = QW 3 Top = 3704

PPESSUNt- H1 I (,HT T iiPEPATtJPE MED)IAN
LEVL MEAN S.Ii. wFAN 5.D. NI LHIUM
(I) tFE T IU(,. CLLbIUS) (I'E(Ctr)

5sC 571 0 11.1 3.9 75
950 1860 " 15 .b b.9 45
900 3366 9t4 lc.7 6.8 25650 1 951 11 ? 13 .4 .8 25
buO0 617 13' 11.4 6.4 25
75u H376 164 4.4 4.0 5
100 10236 ,z ,a1 5 25
b t) I?201 ?', 1.3 5.4 25
ti0O 14304 f,> -P .? 5.2 25
550 16535 302 -. , 5.1 25
50U im957 341 -I?. 5.0 20
4.50 , I55R 34n -1q.14 5.0 15
400 )44 16 44,) -?4. 4.9 15350 ?75S6 41 -3.I 4.9 15
300 3106 5L) a - 4n.3 4.7 15
250 1b069 h?) -4R.4, 4.6 0
210 39790 b66f -t. 3 4.4 0
175 4?552 673 ., 0 0
150 4',70q bt -61.4 .9 0
1?2 49393 '. -- ,. 4 4,? 0
100U .3 H5 j4 i 1)1- 0
0 A314 5P, -h4.6 3.4 0

70 61001 52t, -h.0 3.1 0
f3 A.124 Q4 1 -().? 3.0 0
50 f7854 571 -",.1 3.1 0
40 JZ4l0 b?() -901.6 3.2 0
3U ?8494 683 -53.6 3.5 0
?5 ?36? 73- -91.7 3.1 0
20 7133 801 -4Q.4 4.0 U

i 3 ,36,4 886 -46.4 4.4 0
I ri?? 9 - 103o) -4?.0 5.0 0
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Tabe 150. Mean Upp.r-Air Height and Temperature Oata for San Nicolas Island: Wintff

NO. OSLRVATION! -- SURFAC= 1962 TOP' 779

PRESSURF HEIbHT trmPFPATURE 1MEIAN
LEVEL MEAN MEtI. MfAN S.i). ELHUM.
(Mbb) (FFEI) ()Fc,. CELSIUS Pt P 0' P\, r

SFC 511 0 13.1 3.3 75

950 1916 115 1?.8 4.6 4S

900 3402 125 10.9 4.8 25

850 4961 138 8.7 4.7 25

800 h598 151 h94 4.6 25

750 M323 180 1*7 4.4 25

700 10154 2Co .b 4.2 25

b50 1081 22h -3.0 4,1 25

bOO 14154 253 -7.1 4.0 25

550 16348 279 -11.7 3.9 .25

500 1h734 304 -16.11 3.8 25

450 21289 341 -2?.5 3.7 25
400 ?4104 374 -2m.9 3.7 25

350 27192 407 -1k.3 3.4 25
300 30640 440 -44.3 3.3 0

250 14577 46 -5?.5 3.7 0

200 39239 46A -C7,9 5.2 0

175 41995 44' -',iP* 5.1 0

150 45164 427 -hno.0 4.2 0

125 48875 38? -h?,b 3.8 0

100 i3360 33, -bs.2 4.0 0

80 57A0 28) -6; o7 3.8 0

70 hU476 26 O -- H 3.4 0
60 S 344? 253 -3.5 3.1 0

50 6 7261 25i -h1°7 2.8 0

40 71814 2 . -59.7 2.8 0

30 77753 299 -57.1 2.9 0

25 $1558 32? -5 .4 3.2 0

20 96247 35k -53.4 3.5 0

15 q92372 4150S -6 4.2 0

10 1101106 5051 -460. 4.? 0
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TaN. 151 Mean Upper Air Heigt and Temperature Data tot Son Nicoial 1 l1WW: Spin

NO. U;4SRvATIONL- SJFAL 4 144 ToP = Ab?

PHESSUR HEI,H fFPAPEPATURE MEDIAN

LEVEL AEAN S.I. M? AN S.o. kEL.HIJM.

(Mtls) (FEET) (Wit.. CELSIUS) (Pf CH'fJ)

SFC 571 0 1I.5 3.4 75
950 1897 9', 12.9 5.1 55

900 3343 95 11Q 5.6 35
850 4908 10H 10.1 5.6 25

800 b55? I25 7.7 5.3 25

750 8284 151 4.9 5.1 25
700 10125 174 1.8 4.8 25

650 12064 201 -1,8 4.5 20
600 14144 230 -5.9 4.3 20

s50 16348 2,eh -10.6 4.1 15

Q50 18740 2H( -IS. 3.9 15
450 ?1309 32e, -?I.S 3.7 15

%00 P4134 35H -?S.0 3.6 15

350 ?7231 394 -J3.4 3.3 15

300 30692 4?? -41.5 3.0 0

250 34639 44'4 -L1.9 3.0 0

200 39304 441) -5g.2 4.5 0

175 4?054 417 -54.0 4.9 0

150 45226 384 -59.3 3.9 0

125 409b3 35 -6fl,7 3.1 0
100 ',3497 33) -7.f 3.2 0
80 ',009 31A -'?.7 3.1 0

70 A071? 312 -61.9 2.9 0

60 63852 315 -60.7 2.7 0

50 ON7589 32L -S,9 2.7 0

40 72211 354 -,(3 ?.7 0
30 78259 400 -53.e e.8
25 9?13j 43n -51.3 3.0 0

20 b9oO9 476 -4g.? 3.4 0

15 93159 53H -4o2 3.6 0

10 ln?14? 617 -4n.1 3..6 0
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Tabe 152. Man Upper-Au Hight and Tmpersture Data for S&n Nicoles Island: Summer

NO. O SERVATI (N%: YkFACF P382! ToP q 99

PiqESSURt HF. I6H T T fP wATUPL MEDIAN
LLVEL MEAN S,'. PEAN S.D. WNL 1HtJM.
(Mbs) (FEET) (o1- (,. CELSIUS) (PERCENT)

SFC 571 16*3 3.5 85
950 1827 6) 10h. 5.8 45
900 3353 72 ?1*4 5.1 25
850 4970 8S 21.1 4.5 25
$00 b677 10? 17.4 3.9 25
750 f8468 11H 14.0 3.4 25
700 10367 *136 16,3 3.0 25
650 12369 13) 6.2 2.7 25
bOO 14511 164 !.9 2.b 25
550 16781 180 -?.8 2.6 25
500 19245 197 -7o9 215 15
450 ?1900 217 -13.7 2.5 15
400 ?4806 240 -?.o 2.b 15
350 28009 26h -?7.i 2.8 15
300 31591 294 -35., 2,s 15
250 35673 33Li -44*1 2.7 0
200 40469 367 -S4. 2.5 0
175 4324 371 -St 2.5 0
150 4b391 35- "f*3.1 3.0 0
125 90039 3> -b.6 3.5 0
100 54459 27h -66.9 3.2 0
80 ;8911 24. -64.0 2.4 0
70 h1614 246 -61.b 2.0 0
60 64764 249 -Q.1 1.8 0
50 h537 25,4 -56.b 1.b 0
40 73215 le .6 -53,9 1,5 0
30 79327 27()  - 0.5 1.6 0
25 ?3245 2d9 -4k.b 1.7 0
20 88087 30, -46',0 1.9 0
15 44409 331 -4?.8 2.2 0
10 103478 377 -3H.0 2.1 0
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Tabie 153 Mean Uppor-Aw t aght amd Todm maturo Data for San Nicoila amd: Awumm

NO. OASEVATIO}Ni -- SUNFAC.. ?33 Top = 1045i

PHEStUt HI I (,m! TMPE;ATURL En IAN
LEVEL MEAN S.i, WAN S.D. RIL.HN4M,
(M?1S) (FEET) (I.CELSIUS) iPERCEP4T)

SFC 571 6 16.? 3.8 75
950 1854 9', 17.4 5.5 4s
900 3366 91) 17,4 5.7 25
850 4Q61 102 IS.5 b.4 25
800 6640 118 1?,8 5.l 25
750 8406 I3.i 9.8 4.? 25
700 10;72 151 6,4 4.5 25
650 12251 180 ?,8 4.3 25
boo 14364 201 -1.2 4.1 25
550 10,611 233 -S.7 4.0 is
bOO 19)49 26? -10.9 3.9 15
450 91 t? I 92 -1,.8 3.7 15
400 P4541 324 -)32 ' 3.6 15
350 27700 364 -3'06 3.5 i5
300 31230 404 .-3H.9 3.? 15
250 35259 430 -47,4 3.4 0
200 40007 45,5 -'.,-.6 3.6 0
175 42772 459 -r,.2 3.4 0
150 45915 444 -6?.48 3.? 0
125 49573 42? -66.0 3.3 0
InO 93993 394 -i7.6 3.3 0
80 Sm415 54; -69.9 3.0 0
70 041089 384 -,4.0 2.8 U
tO '4203 40n -l.9 2.7 0
s0 67927 4?? -".7 2.? 0
40 7?530 4b9 -57.l P.m 0
30 78543 531 -54.0 2.9 0
25 82398 57? -?. ? 3.2 0
4?0 ,715? b3f -10.0 3.3 0
15 93353 ?0h *-41.4 J.b 0
10 102208 811 -43.H 4.0 0
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Td:Ple 154. Mewn Uppu' A.' Hoigt and Townp.astar- Data for San Ntcolas Isiand: January

No. 0iS %kRAT~r)Ns -- YPFAC 6 b7S Top ?5

PWEsstUHEINm ~ ~'ATiiWE HM.O IAN
LLVL.L '4EAN s.'. t Ali S.!). WF.41M

(MtIS)(FF I) (WI C.. CELSIUS) (PEPCFNT' ,

S~C 571 12.? 3.2 75
450 192Y Jos~ 12.1 4.4 35
1400 3415 Is 10.0 4.b 30
$50 4970 1 12i P.O 4.4 2
h00 45604 i4.4 %*8 4.? 25

0 m323 1 4.2? 4 2S
700 I10151 1T .t 4.0 25
6 t50 IidO7? ?13 - 3.) 3.9 25
boo 0 i4147 23$1 -7.2 3,9 25
5S0 ~lb339 26t? -1?00 3.8 25

00 18720 295- -17.2 3.s 2
450 110 32,, -??.,) 3.8F 25
400 e4085 361 -?q.3 3.7 25
350 71bS 400 -16.6 3.4 25
3C0 40611 43.3 -44.7 3.1 0
250 34541 4 5'-0 7 * 4 3.5 0
200 19193 4r( 4 -sP4.2 5.? 0
175 41949 441n .9 5.2 0
150 45 i 1  4 i 1 4,,2 0
125 4883S 3RI '?3 3.7 0
I00 c 3323 33H~-~'. 3.9 0
h0 'S7776 ?8'- -bS.2 3.6s (
70 AS0446 26'. -0. .3 S.L 0
60 0,3550 2LJ1 -h?.9 e 4 0
50 (17247 266 -(-,1 .1 2.6 0

0 71H14 e 7,- 99C.e ie.6 0
3G 7 7754 3)19 -136.94 2 , 0

?s w565 33m -9 -,. 3 3.? 0
20 ; c)2 53 Wb -1130 3.3 0

235 407 -4612 .9 0
i5u jn~ 48,7 ..46e9 4,9 0

191



T,"* 15,6 Mean. Lb.. Air Haight mvd f.',u,- O.'a for Sa NicilIiu.. r-&-

NOU. 045Lwv AT I,4 -- c 4 f--4

iwi4SSE IF I ()H T I IA A 1U I) MED 1AN
L IVOL ME A 14 5.1'. W.0 fN JEiPL.HMUM.
(MM s (FtjF I , (,' ~. CE-LSIU'.. I (PEiKCFNTw

51< 571 13*l3 3.5 M
1450 1916 1 U 13.1 4, 35
900 3406 111) 11.? 4 .r

810 4964 12PA A.9 4. 5 25
0oo 6601 144 f,,4 4,3 2
150o I H327 I f- 7 i.l 4.0 25
700 10157 j184 05 3. 1 25

h ) 12087 20! -"3.2? 3.5 20
boo 141bt e~ -7,4 4 11

500 18~7?1 2 7, -17.3 3. - 25

fl0 0 085 Oh 331I ? .?t) 3.3 2
3S () Y1 62 36 1 3 0 3.2 3
300 -40600O 9 -4c j. f) 3.3 0
250 Is5 24 4?s -1 31 4 0 0
200 391HO 43 3 .L7 S.6 0
115 41946 4 ? -L)7.8 4,9 0
150 '.51 31 410 -Y4.1 .3 .81 0

705 b4l 6 -hS,37 3:34 0

60 0 k3 5 7 0 ? 1 -. 9 3.?
50 A7251 z5) 11; f. 1 3.1.? 0
40 71404 21? el - .7 3.4 0

2 0 ~ 2 8 3Hi4 -L?.4 2.9 0

15 '4?45 7 41 4 - 4 . H 3,C 0

1 10lf12bI, 4 7 -4t .4 3.9 0

192



Table 156. Mean Upper-Air Height and Temperature Data for San Nicolas Island: March

NO. OHSERVATIt)Ns) -- SURFACF 796 1OP = 241

PREbstlp- HE IiT IF MPEPATIJRE MEODIAN
LEVEL MEAN 50I)* f AN S.D. QFLHIJM,
(MHS) (FEET) (UFG. CELSIUS) (PERCENT)

SFC 571 0 12.9 3.1 75
950 1880 102 12.2 4,5 45

900 3363 105 10,5 4.8 35
850 4918 114 8.3 4.7 25
800 h552 135 ,,7 4,6 25
750 8271 151 ?.9 4.4 25
700 10095 177 -0.2 4,1 25
650 12021 203 -3.7 3.9 25
bOO 14088 226 -7.8 3.8 25
>50 16276 249 -17,5 3.6 25
500 1865; 279 -17.7 3.5 25
450 ?1201 304 -?3,4 3.3 25
400 ?4003 33H -29.9 3.3 25
350 17077 3b7 -37.2 2.9 25
300 .1512 394 -459C 2,6 0
21 3A 4 32 407 -53.2 3.0 0

#2 39081 381 -'8.2 5.2 0
175 41837 354 1. ? 5,? 0
150 45020 328 -5.8 -. 7 '
125 48757 305 -61-0 ! z 0
100 53284 72 -63.3 3.2 0

80 57782 240 -33.6 3,0 0
70 60476 231 -6b?8 2.7 0
60 A3602 230 -61.7 2.6 0
50 '17320 230 -60.1 2.6 0
40 71916 244 -57.8 2.6 0
30 77913 28? -54.9 2.7 0
25 81762 30? -53.1 3.1 0
20 86506 335 -r0.6 3.7 0
15 Q2707 400 -47.2 4,3 0
10 101609 489 -41.8 4.3 0
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Tabe 157. Mean UoperAir Heigt nd Temperature Dots for San Nicolas blind: Apri

NO. OHSERVATIONS -- SUhFACP - 679 roo = 321

Pp SSURL HFI(81 I PEPrATURE MEDIAN
LEVEL MEAN 5.). Mf AN S.,. REL.HUM,
(Mbs) (FEET) (UH,. CELSIUS) (PERCENT)

SFC 571 0 13.5 3.7 75
930 1850 91, 1?.? 5.6 50
900 3337 98 11.4 6.1 35
850 4898 i15 Q,4 6.1 25
860 653q 135 7.1 5.6 25
750 8264 '61 4.3 5.4 25
700 10102 18? 1.1 5.1 20
b59 12034 ?17 -?.4 4.7 15
600 14111 244 -6.6 4.5 15
b50 1631? 27?. -11.0 4.1 15
500 18701 31i -1h.1 3.7 15
450 ?1263 33,1 -?1.8 3.5 15
400 /4085 374 -2p.4 3.2 15
350 ?7174 404 -3q.? 2.8 15
300 30636 427 -43.8 2.6 0
250 34577 44o -52.2 2.7 0
200 19236 -17 -58.5 4.b 0
175 41982 381 - 1.1 5.1 0
150 45154 344 -59.2 4.1 0
125 18891 30f, -60.5 3.1 0
100 53432 26? -6?.3 3.4 0
HO ;7949 220 -,?. 4 3.5 0
70 60653 200 -h1.6 3.2 0
60 6379b 190 -60,6 3.0 0
50 67536 194 -5,7 2.7 G
40 72162 ?13 -56.2 2.6 0
30 78205 24(o -53.1 2.6 0
25 q2080 27h -51.2 2.8 0
20 H68bo 30H -4.8 ',8 0
15 '311i 351 -49.0 2..' 0
10 102106 410 -3Q.8 3.3 0
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Tabe 16, Mean Upper-Air Heght and Tunporature Data fnr San Nicola. Island: May

NO. Oi5ERVATIONC -- SURFACF 709 TOP 325

PRESSURk, HEIbNI TEMPEqATURE MEDIAN
LEVLL MEAN 5.1. PEAN S.D. REL.HUM.
(M8S) (FEET) (IJEO. CELSIUS) (PERCFNT)

SFC 571 0 14a0 3.4 75

950 1841 82 13a7 5,0 65
900 3333 74 13a8 5.4 35
850 4908 84 1?ab 5.0 25
80 6568 102 1003 4.6 25
750 8317 12u) Iab 4.2 25
700 10174 141 495 3.9 20
650 12136 161 a8 3.6 15
600 14232 18o -3.4 3.5 15
550 16460 204 -Pei 3.3 15
500 18875 22f -13*3 3.1 15
450 21470 253 -19.1 2.9 15
400 ?4318 279 -?r.b 3.0 15
350 7444 30ti -33.2 2.8 15
300 30935 335 -41.4 2.4 0
250 34918 354 -50.1 2.3 0
200 19606 344 -57.9 3.6 0
175 42356 32, -9g.? 4.2 0
150 45515 29? -59.8 3.7 0
125 492"5 266 -6n.7 3.0 0
100 53783 246 -62.1 2.9 0
80 98304 226 -b?.3 2.7 0
70 61014 21l -61.3 2.4 0
60 64160 210 -59.8 2.2 0
50 67917 213 -57.7 2.2 0
40 72566 22f, -54.9 2.1 0
30 18652 253 -51.5 2.1 0

25 1255? 27t, -4c).5 2.1 0
20 17369 305 -46.7 2.2 0
15 93665 351 -43.5 2.3 0
i0 In2687 404 -3P.6 2.8 0
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I

TaMe 159. Mean UpperAir Haigt and Temperature Data for San Nicoia Nimrod: June

NU. O"5ERvATIONS -- StJNFACF = 95 ToP = 31n

PNES5JR Hi 1(HT TFmPEPATURE MEDIAN

LLVL' :NtAN Sol)* V1AN S.D. WEL.HUM.
(M15) (FEET) ( Eu, CELSIUS) (PERCENT)

SPC 57. n 14.7 3.0 85

950 1801 7) 15,6 b.6 6b
960 3310 7, 1:.0 6.0 30
850 4915 9? 17.1 5.6 25

800 6601 112 14.8 4.9 25

750 8379 135 11.9 4.3 2S
700 10262 151 8.6 3.8 20

650 12251 174 4.H 3.6 15
600 14380 194 .7 3.4 15
550 16647 21t -3.9 3.3 15
500 18970 24U -q.3 3.2 15
4'0 ?173? 26h -1i.3 2.9 15

400 24619 28(; -1.9 2.9 15
350 27799 31o4 -?q.3 2.. 15
300 31345 ;48 -37.7 2.5 15

250 353'0 374 -46.7 2.4 0
200 40148 387 -Sc.5 2.9 0
175 .,2917 3H4 -99.0 3.4 0
150 460f 364 -61.6 3.6 0

25 497#7 325 -64.2 3.7 0
100 b4209 27? -65.2 3.5 0
b0 98619 233 -63.5 2.9 0
70 )138H 220 -61.6 2.3 0
60 64537 217 -9c.3 1.9 0
50 68304 220 -"h.8 ).1 0
40 72976 233 -53o9 1.6 0

J0 79094 25.ih -50.9 1.8 a
25 43012 249 -48.4 1.6 0
20 p7858 261 -4c . 1' 0
15 94186 29% -422 2.1 0
10 1n32H1 351 -37.4 2.5 0
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Tabl. 160. Ma Upper-Air Heght and Temperature Oata for San-Nicolas Island: July

NO. OR5ERVATIONS --. S'JRFAC. "N5 Top 351

PRESSURt HEIGHT TFMPERATURE MEDIAN
LEVEL MEAN S,), MEAN S.D. REL.HUM,
(Mki) (FEET) (UELb CELSIUS) (PFRCENT)

SFC 51 0 16.5 3,4 85
9bO 1837 59 20.2 5.1 40
900 33b9 59 ?3.1 3.1 25
850 5000 6; 21.7 2,7 25
800 6713 69 18.8 2.3 25
750 8514 7S 15.3 2.0 25
700 10123 82 11.4 1.8 25
6b50 I1?J 81 7,0 1.8 2S
bOo 14577 92 2.5 1.8 25
550 16854 98 -?.3 ).8 25
500 19321 10, -7.3 1,8 25
450 21982 131 -1209 1.9 15
400 ?489 131 -1?.1 1.9 15
350 28114 148 -2b.0 2.? 15
300 31713 I, -34.3 2.3 15
250 15817 236 -43.3 2.1 0
200 40-40 217 -53.2 1.9 0
175 3-+28 217 -SP05 2.0 0
150 4b5b 203 -63.8 2.4 0
125 '0197 190 -67.8 2.6 0
100 14593 167 -h?19 2.4 0
80 9903? 167 -64.3 2.1 0
70 h1726 171 -61.8 1.9 0
bO 64871 In -S997 1.7 0
50 A(4652 I4 -56.4 1.5 0
40 73333 207 -53.6 1.5 0
30 79452 207 -90.3 1.6 0
25 83373 223 -48.3 1.7 0
20 9822? 241 -49,8 1..,: 0
15 94554 27? -42.5 2.1 0
10 I03629 32-i -37b 2.6 0
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Tabl 161 Mean Upper-Air Height and Temperature Oava for San Ndcoia |Isan : Augt

OStRVATIONc -- SIJRFACF 830 TOP 3H

PRE SSUkt HE I(7HT Tf MPf4A tUE MEDIA.N

LEVEL MEAN S.,). i'F AN S.D. REL. HU'4.
(MHS) (FEET (O,. CFLSTUS) (PEPLENT)

SFC 571 0 17.5 3.4 85
950 1837 b? 20.4 5.2 45
900 3373 6 22.9 4.1 2S
8_0 5000 7. 21.3 3.4 25
S00 t709 82 18.4 2.8 25
150 M507 : e 14,8 2,4 2S
700 10413 10? In.9 2.1 25
t0b0 1241. lII 6.7 2.0 25
600 14564 11H 1.3 2.0 25

550 16841 12l) -?.2 2.0 25
500 19311 131 -7.? 2.0 15

450 1)1969 141 -i2.9 1.9 15
400 J4884 151 -1C4,I 1.9 15

350 ?4100 174 -?6.3 2.2 15
300 11696 197 -34.7 2.3 15

250 .5791 226 -43.8 2.3 0
200 40600 2 5 -53.7 1.9 0
175 43383 2b4 -C.8 1.8 0
150 4652? 24 -h3.8 2.3 0
A25 i0 15 7 2?o -67o6 3.00

100 r,455,, 19 . -67.6 2.9 0
80 c9003 1H7 -64.1 2.2 0
70 61706 I7 -,71.5 1.8 a
60 h4862 194 -L .9 1.6 ro
50 i6f3R 20o -96.5 1.4 0

40 73314 213 -53.9 1.5 0
30 79419 23) -50.7 1.5 0

?5 q333s 24o -48.9 1.8 0
20 A8163 27? -46.5 2.0 0
1S '4472 30m -43.5 2.2 0
10 103504 371 -3q.C 2.6 0
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a:ae 162 Mean Uppe-#Air hit and Tempertur Data for San Nicol*$ Island: Septwnbr

No. O'SERVATIoNS -- SURFACF 00 lOP '736

PHESSUR HFI(;HT TFMPERATURE MEDIAN
LEVEL MEAN S.l. MFAN 3.U. REL*HUM.
(MS) (FEET) (WFb. CELSIUS) (PERCFNT)

!FC $71 1) 17.? 3.6 75
SI0 1304 74 I.8 5.5 5
900 3330 7. 20.3 4.8
850 4941 89 18.8 4.0 25
800 bb37 9 A 1;.1 3,3 25
750 1442 11' 1?.8 2.8 ?5
700 10315 1?5 q.3 e.6 25
650 12310 '3S C.5 2.6 25
bOO 14446 14 1.5 2.5 25
550 l'716 15? -3.1 2.3 15
500 1917 171 -8.2 2.2 15
450 Pi824 184 -14.1 2.0 15
400 >4728 20U -20.5 2.0 15
350 ?7920 21? -27.9 2.1 15

300 31'93 23b -36.2 2.3 15
250 35564 253 -44.9 2.5 0
200 40358 26? -53.9 2.5 0
175 43140 26? -58.4 2.3 0
150 46283 e53 -62.3 2.5 0
125 49931 231 -66,0# 2.9 0
100 54337 21 -67.7 2.8 0
80 98766 d213 -f5.) 2.4 0
70 t1453 217 -b?.6 2.2 0
60 64593 ?2n -60.0 2.2 0
50 68350 231 -57.5 2.0 0
40 73002 253 -54.9 1.9 0
30 F9 18C 27? -5).7 .1.9 0
25 82992 27# -414.7 2.0 0
20 7795 e9k4 -47.6 2.1 0
15 q406m 33ti -44.9 2.3 0
10 10301m 413 -41.3 2.7 0

199



I

Ta. ;6. Mean Upper-Air He !it an1 Toinprsture Dot. for Son Nicolas Pouid: October

NO. OHSER4ATIONS -- S1t4FACF 806 JeP = 363

VRESSUR. HI jHI TH PEPATUPE MEIAN
LE VEL MEAtl S.1). ME AN S.D. REL.HIIM.
(M44S) (FEET) (UF(,. CFLSIUS) (PERCENTi

SFC 571 C 17 4,C 75
950 157 8I I'Ll 5.3 45
900 3376 4? 1 ,l 5.0 30
850 4974 10 16.' 4.4 25
800 654 ll ;3.3 4.0 25
750 842i 131 10.1 3.8 25
700 10295 14 h.8 3.7 25 I
650 12274 167 3.2 3,6 25
600 14390 184 -0.*8 3.4 20
550 lhbo4 207 -5.5 3.3 15

500 19078 22t -10.9 3.1 15
450 ?i619 24, -16.8 3.0 15
400 ?4570 27? -23. 2,9 15
350 ?7730 302 -3n.9 2,8 15
300 31257 32H -3,4. 1 2.4 15
250 352H? 33" -47.6 2.s 0
200 4O026 331 - .h 3.4 0
175 6279? 32e -'1. ) 3.2 0
150 459JM 30c -62.6 3.0 0
125 49596 27 -hC.9 2.9 0
100 C 4016 244 -17.9 3.2 0
O 58425 22J -S6.4 2.8 0

70 o109b 213 -h4,5 2.5 0
60 Oii199 217 -h2>3 2.3 0

50 f- 920 226 -Li9.8 2.1 0
40 72523 24 -57*0 2.1 0
30 78547 ?7h -53.1 2.0 0
25 H7415 284 - 1.9 2.2 0
20 H '7 178m 32? -4906 Z.4 0
15 4337h 374 -47.s4 2.9 0
10 10?215 T5# -44.0 J.3 0
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J4

Tabe 164 Mean tppr-Air Height and T*mpetaL Data for San Nicolas Island: November

NO. OHSERVATIONS -- :,F.(ACF - 2 TOP 326

PRESSURz HE 1GHI TFMPERATURE MEDIAN
LEVEL MEAN S.0). WtAN S 1). NEL.HUM.

j CMbS) (FEET) (TFu. CELSIUS) (PERCFNT)

SLC 571 1 C;.3 3,4 75
9bo 1900 91) 14,9 4.? 45
900 3399 98 13.4 4.9 35
850 4970 112 1192 4,9 25
800 6624 131 P.7 4.8 25
750 8366 194 6.1 4.7 25
700 10210 17? 3.0 4.5 25
650S 12162 203 -005 4.3 25
600 14249 233 -4.4 4,1 25

550 16470 25,1 .-9.9 3.9 25

500 I887A 289 -14.0 3.8 25
450 P1467 31 -19.6 3.6 25
400 2430P 348 -c6,0 3.5 25
350 ?1434 381 -3 ,3 3,2 25
300 30925 410 -41,4 2.7 0

250 34911 43n -49,.4 3.0 0
200 19f.10 421 -S7,4 4,0 0
175 42356 410 -60.2 4.2 0
150 45492 384 -6?.7 4.,0 0
125 49157 344 -65.3 3.9 0
100 93593 299 -67.0 '3.8 0
80 4;8028 251 -66.5 3.5 0
70 60676 233 -h.i 3,0 0
60 h3770 223 -63.5 2,5 0
50 h7457 e23 -61.8 2.1 0
40 72011 230 -59.7 2.0 0
30 77949 25,4 -56.8 2.3 0
25 H17495 281? -5r.1 2.7 0
20 86444 31H -53.0 2.9 0
15 92566 367 -. 2 3,3 0

10 1n1319 463 -46,5 3.9 0
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Ta* 166. Meaw Upper-Air Heqht and Temperature Data for San Nicola Isand: Decamber

NO. OoSERvAT!ONS -- SIJPFAC- b63 TOP = ?78

PWESSURt mF I(,HT rF kPEIAT'JPE MEIIAN

LEVEL MEA'j S.t. 5. S.1. RLLHIJM.
(M (S) (U'E (!)F-. CELSIUS) (PFPCENT)

SFC 571 13.2 3.2 is

950 1900 12H 13. 4.6 35

9"0 338b 135 ll., 5.0 30
850 494m 154 q.2 5.1 30
800 h584 174 6.9 5.1 2,

750 8317 203 4.2 4.9 25
700 10151 ?h I..? 4,H 25
650 1?087 b6 -2.J 4,6 25
6UO 14160 ?811 -6.4 4.5 25
550 1636" JM -10.9 4,3 25
500 18757 351 -I .9 4.0 25
4b0 ?]22 3H4 -'1.5 3.8 25
400 ?4147 42( -?7.9 3.1 ?5
350 ;"124 4 453 -35.? 3.4 25
300 1071? 41L# -43.1 3.2 0
250 34t)6? 49L)5 c -1.5 3 0
200 14331 4 -L7.H 4.3 G
175 42081 4b3 -59,5 5.0 0
150 -524n 433 -L1 ) 4.3 0
125 4m934 394 -61.4 4.1 0
100 L)3 40 ? 3314 -6c,,7 4.4

bO I744. 2Ho -6 ,0 4.? 0
70 050L ?h? -61.1 3.7 0
bO A3596 246 -61.M 3.1 0
50 ,fb8o 241) -62.0 2.6 0
40 71824 e3i -I2 n 2.4 0
30 7774 253 -57.4 2.8 0
25 q153L 219 -b6.0 3.3 0

lO Hh207 3?U -54.? 3.9 0
15 '229. 400 -51.7 4.4 0
10 10095k 505 -4.? 4.6 0
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Table 166. Mean Upper-Air 4*ight and Temperature Data for Point Mugu, California: Ainual

NO. OiSERIAT li)N , 
-- ,,JPF AC = obn I lo' 141 04

F!

5• ,4th.UIi H!- *,.. .L-PERATUi- MEI AN

LEOVtL MEAN S.,. lv.AN S.L). REL.HUM.
(M,' ) (H"FE.) F(.. CELSIUS) (PFPCFIT)

S-C 13 14.9 4.6 75

1000 449 1U ,  14 . 3.9 75
%0 1877 foe 15.0 5.7 55
900 337(, 105 14.1 7.0 3S
850 4957 11 -4 13.2 7.L 35
8U0 hb2l 141 In.a 6.9 .5

750 14376 1 4 7.7 6.5 2!
700 10226 20 7 4.3 6.1 25

b5O 1219? 24 .2 5.8 25
bOO 1423b 2H? -3.4 5.7 75

1tu ib t52. .  1?2 -7.9 '3.5 2"L

L3 U 1934 .361 -12.9 5.4 23
450 ?154 417 -IRsb 5.3 20
,pD0 ,4390 4 WO -24.9 5.3 25
31)0 ?7513 525) -3;>.4 5.1 11
3 0 0 110" 5,1 -40.4 4.8 0
2?50 S013 6b5 -49).0 4.7 0

200 19741 10" -LI.3 4.6 0

175 42507 70- ,  -4.. 4.3 1 0
I% 4566,6 6H -An.9 4,.2 0
I2' 413b0 ')30 -h3.3 4.5 0
100 .T3, 4 11 -634.1 4.3 Q
Hu ,m314 51 -h3.5 3.8 0
70 ,1007 551 -6".1 3.4 0

Q' 64150 11 -An.. j 3.3 0
S 18 9 7 b6( SN. 3 . 0

40 12523 6) 3 -nL.7 3.b 0

30 ?HSb 3 U, -5?,7 4,0 0

?5 H?40H 71- -7.11 4.0 0

? 0 .$ 9 4R*8 4,5 0
15 '-J 340 e 91 -46.? 4 .4 0
10 1r' 30 3 111' -41.9 5.4 0
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TabM. 167 Mown Upper-Air 1"bght a&W Temperature Data for Point Mugu. Calforni: IVvntw

NO. O'SL!4aATI N -- SJR -ACF l l)I TOP = 318

PwF tUR .. HF 16HT If 4PtEPATUPF MEDIAN
LEFOL MEAtj Soils 00 AN4 Soo. 4EL.HUM,

(MtSi (Fij. r) (Lf.. CELSIUS) (PEPCFNT)

SC 13 : j11 .7 4.8 75
10uu 51H Ili 12.7 3.9 55
V.€-, 192,4 1 1, 1118 4.7 45

900 3404 131 Q.s 5.1 35
850 4957 144 7.5 5.2 35
tuO 5PH 167 5.1 5.2 25
75, 8314 194 ?.h 5.0 25
700 m024 217 -0.4 4.8 25
bO 12064 24 -1.9 4.6 25
t1, 0 14117 27h -7.* 4 .* 25
550 1632? . u 1 -17.3 4.3 25
500 1-4691 3 3 -17.3 4.1 ?5
450 ,1263 3hi -??. 4.1 25
4 0 ?405R 410 -?q.O 4*.0 25
35O ,714 & 449 -36.3 3.7 25
300 10594 4b3 -44.3 34. 0
250 14521 5)09 -S?.03 3.7 0
20 0 49177 50' - .0 5.2 0
115 41936 4 H -S49h 5.2 0
1.50 45098 453 -Lq.7 4.6 0
1?5 4H"19 41 f -A109 4.4 0
100 1i317 3b1 -f4.3 4.5 0
HU j',H5 JI -IA.b 4.3 0
70 '.0456 29,4 A6.9 3.7 0

00 Jjj 9 - ?,Ij 3.3 0
L) 0 T257 29? -hI.4 2.9 0
4U0 ?19H 30,1 -5902 2.8 0
JO 17753 33 R -56. A 3.0 0
2 5 k153? 39e* - .3 3.1, 0
2u ,ih217 400) 3% , .h 0

15 4290 45J -51.4 3,9 0

10 110 9 0? -47. 4.7 0
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Tabie 1a. Mean Uppw-Ar ,aght and Twpatur Da. a far Point Mugu. Califa'nia Swing

NU. OHSE.R/ATIiNS -- UFPFAC-'= 12?2 TOP = 332

PRESSUWi J F [MHT TFMPt.QATUPL MEDIAN

LE0VL MEAN 5.11. VFAN S.D. kEL.HUM.
(Mtis) (FFEIE) (UF(,. CELSIUS) (PERCENT)

bFC 13 I) 14.0 3.8 75
1000 453 8) 13.4 .3.3 75
950 1873 "? 12.5 4.8 65

900 3356 9F 11.5 5.b 45

85U 4918 11? q.9 5.8 35
800. bb? 131 7. 5.6 30

8301 151 4.7 5.3 25
t0 10128 18 1.5 51 25
650 12073 2l -2.1 4.9 25
bOO 14140 244 -A.0 4.8 20
5)0 16359 2 7; -10.5 4.6 20
500 lf4737 3le -1c.6 4.5 15

4b0 )1319 351 -?1.3 4.3 15
400 -14127 390 -?7.8 4.1 is
350 ?120H 433 -35.3 3.9 15
300 30661 47,) -43.3 3.; 0
250 34b23 150, -S1.h 3.9 0
260 V289i 49, -S7.8 4.9 0

I75 42037 4b3 -sg.6 5.1 0
150 45210 430 -5.7 4.2 0
I€'5 ,4$9Y3 400 -99.9 3.4 0
100 93501 3b7 -h.3 3.4 0
Ho S803 354 -h! .2 3.? 0

70 O74 .3kN -60.4 2.9 0
bO 6390'. 364 -C)9.2 2.9 0
0 6-6b4 38! 57 4 3.1 0

40 ,..,,3 4i, '. 9 3.3 0
30 78360 4,4P, -S1.9 3.4 0
e5 A2208 4b' -90.3 3.3 0
e0 P70-1 5?) -47.6 3.? 0
15 93284 581 -44.4 4.0
10 1n2277 69b -39.4 4.0
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Taili 1W Me. UpP.r Ar Hoig.t and T.nprrip rtur. Dais for Point Mugu. Californ,; Surnmuq

NU. )M* Pb v TI".% -- -,Jk ,F C I li? TOP = 17q

PESUt Hl I k7HT IF IA TJLr ML I AN
LmVI L 3 AVI d AFN S.). . WEL.rlJM.
fMNS) (F4.r) (L, CELSIUS (PE PCFN T)

SI-C 1 17.4 2.9 H5
1000 394 I,.3 2.5, 8"
9C0 1841 7- I.1 4.8 65
voO 335b "1, -In. 4 .,3 35
b S 4,)74 M9 19.9 4.7 PS
80 0 f 7 10- 1 7 . 3.9 25
10 ,44 4 121 14.1 3.r 25
100 10-6? 13 10.4 .l, 25
bb' l 374 15. ')-.3 2.," 25
b0O 1 ' 11 1l ?.O 2.L 30
L5)0 !611, 1N. -. b 2.7 2i
500 19244 20( -1.7 2.7 25
,.50 )191h 22 -13.4 2. u 20
400 j H I 24h' - I q. 7 2 . F 20
350 2moo? 27A -27.i 3,0 15
300 115HA 305 -% '.1 3.0 1
250 35666 J4.i -44.6 3.0 O
le()0 40463 384 -'4*(. 2.6 0

15 '3?45 i 1 -9 p 0 2.h 0
150 . 3 b, 37! o02.9 3.1 0
1?5 (,003,4 J4, -6,,.0 3.7 0
1Cr) ",4 6(4 304 -f, .3 3.5 0

i 930 292 -h3.0 2.9 0
70 ,1631 5 -o n.7 2.4 0
nO ',803 30' -)R.? ?.? 0
50 o, r s ',  31? - ,,.9 e.1 0
40 t!e7,i 331 -92.9 2.0 0
O 1i, 396 Jbl -4Q.6 2.3 0

?5 13291 31 -4r.9 2.1
20 q8143 407 -49.3 2.4 0

15 -4,s4 5 4 4 f- -4?94 2.4 0
10 193517 509 -37,6 2.a 0

206



I/

Table 1 '0. Mean Up -t-Air Height and Temperature Data for Point Mugu, California: Autumn

No. OSERVATIoNb -- SUNRFAC 1092 TOP = 389

PESUt HjIGHV TEMPEQATUHE MEDIAN

LKVFL MEAN belle MFAN S'D. PELoHtJM,
(MHS) (W:ET) (UF(,, CELSIUS) (PEPCFN!)

SFC 13 0 16.7 4.4 8i
IU0 423 17.0 3.8 75

91) 1870 9A 17.8 5.4 45
900 3383 10? 17.6 5.8 35
650 4977 112 1|%7 5.5 25
800 6654 121 l.6 5.2 25
750 8425 14R 9.6 4.8 25
7o0 10285 167 6.2 4.b 25
650 1?2bl 190 ?96 4.4 25
bOO 14377 21F -i.5 4.3 25
5..0 1662? 240 -6.0 4.? 25
500 19052 27h -11.1 4.1 20

)50 )1683 30H -16.9 3.9 15
400 ?4544 344 -23.3 3.8 15
350 ?7684 381 -30.8 3.6 15
300 31214 420 -39.o 3.4 15
250 35240 456 -47.3 3.6 0
200 39997 476 -55.4 3.9 0
It5 42772 476 -59.0 3.7 0
150 45915 4bh -62.3 3.4 0
125 49583 443 -65,4 3.5 0
1.00 1400(1 413 -66.9 3.5 0
80 S844? 394 -65,4 3.2 0
70 II15 397 -63.6 3.0 0
60 64232 413 -61.4 2,9 0
50 67959 440 -59.2 2.8 0
40 ?2569 479 -5605 3.0 0
30 78583 541 -53,3 3.3 0
25 F42421 59? -51.7 3.5 0
20 147188 666 -49o? 3.8 0
15 93386 748 -47*4 3.8 0
10 o?222 856 -43,? 4.0 0
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TWea 171. Mean Upa. Air Haight and Temperature Data for Point Mugu, Caifornia: January

NU. OHSF-HAT )N- -- 5,.Jl FAC - 3H3 Top = 10?

P"tSs'IRt H I (HT IF mPE PATLIRF fMDIAN
LE V.L MEAN S. . MF AN S.D. PEL.HUM.
(MHS) (FEET) (UFO- CELSIUS) (PFPCtNT)

SFC 13 11.1 4.9 75
UO0O 531 111 12.? 4.2 65
950 1942 1?1 11.1 5,0 45
900 341? 128 4.1 5.4 35

b50 4961 144 6.R 5.4 15
8O 658r 107 4*4 5.3 30
750 831o 194 200 5,1 25
700 l0ll 22n -1.0 4.4 25
bbu 12047 24C4 -4e4 4.7 25
bOO 14101 2V -R.3 4.6 25

5bO 1630h 3Cq -1?.f 4.4 25
500 1866H 33,, -17.? 4.4 25
450 ?1234 367 -?3.4 4.4 25
460 ?)401 41? -?9.6 4.? 25
350 ?7116 433 -36.9 3,v, 15
300 A0554 41? -44.9 3.3 0
250 1447? 49? -C3.3 3.6 0
200 39111 474 - A.4 5.4 0
175 41870 45- -P. 6 5.3 0
150 45036 42) -'I4.1 4.5 0
lo5 48773 381 -61.? 4.? 0
100 L3284 331 -63.7 4.4 0
80 S7162 280 -64.0 4.0 0
10 s0443 27() -63.? 3.5 0
60 63560 d6t -61.7 3.1 0

50 67270 26h -f0.? 2.8 0
40 11837 279 -5A.7 2.6 0
30 77179 ?H1 -96., 2.8 0
?5 1157? 315 - .1 3.1 0
20 86260 35)4 -53.b 3.? 0
1 42352 431 -51.4 3.7 0

10 101083 bJ'i -47.? 4.7 0
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Table 172. Mean Upper-Air He.it and Temperature Data for Point Mugu, California: February

NO. OiStRuATIONS -- SURFACF 331 ToP 74

PRESSURE HF IbHr TFP PATURE MEDIAN

LEVFL MEAN SI). PLAN S.D. RELHtlM.
(MHS) (FFEr) (UF. CELSIUS) (PERCENT)

SFC 13 0 11.9 4.5 75
1000 531 log 1?.H 3.5 65
950 1939 112 11.9 4.4 45
900 3422 11i 10.0 4.7 35
850 4970 131 7.7 4.7 35
800 6601 144 5.2 4,6 25
750 t323 164 ?.6 4.3 25
700 10141 Us7 -0.6 4.0 25
650 12070 207 -4.2 3.7 .25
600 14127 23n -8.3 3.4 25
550 1,532? 253 -l?.8 3.3 25

500 18684 276 -17.8 3.2 15
450 ?1250 299 -23.3 3.4 25
400 ?4039 331 -29.7 3.4 25
350 F1116 371 -37.1 3.4 25

300 30554 413 -45.1 3.3 0
250 '4462 44' -53.5 3.6 0
200 .9111 463 -57.8 5.4 0

175 41877 459 -57.4 4.9 0
ISO 45046 43h -5P.5 4.0 0

125 48783 400 -f11.8 3.7 0
100 53304 361 -63.5 4.0 0
80 51'785 331 -64*2 3.9 0
70 t04 4 6 292 -63.7 3.2 0
60 63553 28? -62.8 2.9 0
50 61251 285 -61-1 2.8 r
40 71847 302 -59.0 2.9 0
30 7777? 341 -56.4 2.7 0
25 $41609 367 -,4.3 2.6 0
20 M6319 404 -92.0 3.1 0
15 92434 44n -49.5 3.2 0
10 1111106 440 -4S.2 4.2 0
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T.at 173 Mea Uppr.Air Height an Tempeaturo Data for Point Muu, California: March

NO. U'SLRAT IONS -- S'JWFACf 3';3 TOP 9?

1RES5U~t H IOHT TFr4PEPATURE MEDIAN
LEVEL EArP4 S.I1. VE AN S.D. WEL.IUM,
(Mrib) (FEET) (W1 6. CELSIU'S) (PERCFNT) I

SI.C 13 () ?.H 3,9 15

1000 482 9, 12.6 3.0 75
950 1893 9H Iel.b 4.4 55
900 3373 I0 Q,8 5.0 45
Mbu 49 " , I 7. 4.8 35
8U6 bb5, 13, .0 4.6 35
7bO 827m 157 ?.3 4.4 Psi
700 100H( 177 -0,8 4.3 25
b5O 12018 201) -4.4 4.2 25
600 1l07 23') -P.2 4.1 25
550 1626A 25t -1.7 3.9 25
500 18629 2H( -17.p 3.9 15
450 11191 32? -?3.b 3.7 15
400 ?3973 Jbl -3o.0 3.5 15
350 P1041 390 -37.4 3.4 15
300 3047, 4?3 -4c.0 3.2 0

O 1:10 493 443 -52.9 3.2 1)
200 19049 411 -57.6 S.5 0
175 4180H 3H4 -F).6 5.3 ,1
150 44997 3,I4 -rH.e 3.8 0
125 48740 3?H -10.o 3.1 0
100 53291 30 &1 -61.9 3.2 0
H0 1-7805 29? -('?.1 2.8 0
70 6050. 29? -61.5 2.6 0
bO 1)3648 2 co -f.*4 2, -f 0
50 6 738fi 31L -58.H 2,4 0
40 11995 348 -56.6 3.> 0
30 7H031 394 -53.6 3.2 0
e5 188n 44) -SI.H 3.3 0
?0 4t654 495 -49.3 4.1 0
1.5 (02854 5510 -4A,0 S.4 0
10 10175) /'71 -41.5 5.3 0
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Table 174. Mean UptiM-Air Heioht and Tempertur. Data for Point Mugu, California: Aprl

NO. OHSERVATIONS -- SURFACE 413 TOP = 11?

PHESSURE HEIGHT TEMPERATURE MEDIAN

LEVEL MEAN S-0, ME*AN So., RELHUM.
(M8S) (FEET) (DEG. CELSIUS) (PEPCENT)

SFC 13 0 13.8 3.5 75
1000 453 89 13.2 3,1 75
950 1870 95 12.2 4.9 65
900 3350 10c If.9 5,6 45
850 4908 121 q.O 5.6 35
800 6545 144 6.6 5,4 35
750 8278 171 3.7 5,1 25
700 10102 194 .5 4.9 25
650 12034 217 -3.0 4a7 25
600 14098 253 -6.9 4.5 25
550 16302 279 -11.4 4.3 25
500 16675 318 -16.5 4.1 15
450 ?1243 351 -2?.1 3,9 15
400 24042 387 -28.6 3.6 15
350 27096 417 -36.1 3,1 15
300 30551 443 -43.9 2.9 0
250 34495 453 -52.2 3.5 0
200 39144 420 -5p.0 5,4 0
175 41900 384 -58.2 5.6 0
150 45079 .344 -5R.2 4.4 0
125 48737 322 -59.3 3.3 0
100 S3406 299 -60,6 3.4 0
80 57956 279 -60,4 3,3 0
70 60669 266 -59.8 2.9 0
60 63839 269 -5,.3 2.9 0
50 s760R 282 -57.1 2.9 0
40 72251 289 -54.5 3.0 0
30 78323 33H -51.6 3.5
25 82149 335 -50.3 3.2 0
?0 R6959 381 -47e5 3.4 0
15 93202 443 -44.5 3.3 0
10 1n2175 48h -39.3 3.5 0
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Table 171 Mean Uppe.Air Height and Tornporture Data for Paint lAu . Californi: MaW

NO. O0HSRVATIONS -- SLJFACP = 416 TOP = 12;

PHf.. SURf HEIGHT IFMPEPATURE MEDIAN

LEVEL MEAN S.D. MFAN SU. REL.HUM.
(MBS) (FEET) (WG. CELSIUS) (PERCFNT),

SlFC 13 0 15.4 3.6 75
1000 430 7? 14.4 3.4 75
950 1854 75 13.7 4.8 75
900 3343 79 13.7 5.6 55

850 4921 92 13.0 5.6 35
S00 658L) 10$ 10.7 5.2 25
750 8343 131 1.9 4.7 25

700 10194 154 4.6 4.4 25
650 12159 177 1.0 4.2 1
o00 14249 200 -3.1 4.1 19
550 16490 223 -7.6 3.9 15
500 18901 250, -12.7 3.7 15

450 '1516 29? -18.5 3.6 1
400 )4354 325 -?.1 3.b 15
350 ?7470 354 -32,7 3.5 15
300 30968 394 -41.0 3.2 0
250 34954 430 -49.8 3.1 0

200 3964? 423 -57.6 3.7 0
175 42388 411) -59.3 4.3 0
1bO 45538 374 -r9.9 4.1 0
125 49265 34;1 -60.6 3.6 0
100 ';J78Q 302 -61.6 3.6 0
60 58323 285 -f1.1 3,1 0
70 f,1040 28 -60.0 2.9 0

60 A4206 28? -S8.6 2.9 0
50 6797? 292 -;6.5 3.1 0
40 1263A 319 --13-7 3.2 0
30 78699 341 -50,7 2,8 0
25 q2569 351 -4R.9 2.8 0

20 87411 39n -46.1 3.0 0
15 93701 404 -43.0 2.5 0
10 102740 459 -37.0 2.4 0
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Table 176. Mean Upper-Air Height and TenpeVrture Data for Point Mugu, California: June

NO. OHSERvATIONS -- SIJNFACF. = 3s9 Tor = 119

PHESSUR HF I(H1 I FMPERATURE MEDIAN

LEVEL MEAN S.1). ME AN SoD. REL.oiUM.
(MHS) (FEET) (WEC. CELSIUS) (PERCtNT)

SFC 13 16,2 2.8 85

T000 384 66 15.1 2,4 85
950 1821 7;j 15,3 4,4 75

900 3320 75 170 5.8 45
850 4921 89 17.3 5,6 25
800 6609 10" 15.2 4.8 25

750 8396 131 12.1 4.3 25
700 10272 151 P.,7 3.9 2S

650 12270 171 4.9 3.6 25
600 14393 190 .8 3.5 25
550 16663 21n -3.6 3.4 25

500 19114 236 -8.8 3.4 25
450 ?176m e66 -14.7 3.2 15

400 24652 289 -21.3 3.1 15
350 27802 325 .-29.3 3.2 15
300 31358 351 -37.6 2,9 19
250 15400 384 -46.7 2.9 0
200 40148 00O -5.5 3.1 0
175 42917 1:04 -5H.8 3.4 0
150 46063 384 -61.5 3.7 0
125 49747 348 -63.5 3.8 0
100 54226 30? -64o4 3.6 0
80 '8717 266 -6?.2 3.0 0

70 A1430 253 -60.2 2.5 0
60 64603 253 -58.1 22 0
50 o'8369 25t -5 5 2.2 0

40 73077 27h -5?.6 2.0 0
30 79206 312 -49.1 2.6 0
25 33094 30? -47o5 2.1 0
20 A7966 331 -44.6 2.4 0
15 94304 351 -41.4 2.! 0
]0 1(!3439 38! -36.? 2.3 0
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To~e 177. Mem Upper-Air Heih and Temporoture Doat for Point Mu , Ciforna: .hy

NO. OHSLRVATION", -- SUNFACF = 370 YOP = 122

PliLSsURt HF I 6HT TFPMPEATURE MEfAN
LFV L MEAN S.1). EAN S.. REL,HUM.
(MHS) (PEET) (UF(,. CELSIUS) (PERCLNT)

SFC 13 0 17.3 2.1 85
1000 397 16 )6.3 2.4 85
9S0 1d47 bQ 14.3 4.2 55
900 336q 64 ??.3 3.5 35
850 4997 7', ?1.5 2.9 25
800 6709 li 1M.8 .5 25-,
750 "511 9c 1 3 2.2 25
700 10413 10e, 11.3 Z.0 35
b0 12431 112 7.1 2.0 35
600 1457n I IH ;.6 2.3 35
55U 16854 131 -7.2 2.3 33

500 1931A 141 -7.2 2.3 25
4sU e1991 164 -1?.7 2.5 25
400 ;4895 18 -I10.8 2.4 15
350 Al0o 194 -?6.0 2.4 15
300 U699 220 -34.2 2.5 15
230 35804 249) -43.3 2.2 0
200 40623 21 -53.J 2.0 0
175 4140Q 27w -9A.6 2.3 0
150 '6542 27? -63.9 2.5 0
1?5 ,0174 26o -67.6 3.1 0
100 'p 5bi 26? -b7,3 2.7 0
80 "9u1? 2 7 -61.5 2.4 0
70 6170Q 28i -61.1 2.3 0
60 64872 30? -68.b 2.2 0
50 h864S 31L -3 .6 2.1 0
40 3323 338 -33.1 2.0 0

30 79421 364 -49.9 2.2 0
e5 03314 377 -4910 2.2 0

20 bi166 420 -4c. 2.4 0
15 q 4 439 49 -4*.,7 2.4 0
10 103530 545 -37.7 2.9 0
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Tabe 17S.. Mean Upp*r-Air Paght and Temperature Data for Point Mugu, California: August

NO, QHSENVATIONS -- SUNFACF 4?3 ToP = 154

PRESSUR- 'HFI(jHT TEMPEPATURE MEDIAN
LLVFL MEAN S.!). MFAN S.U. RELHUM,
(M S) V- E (OFb, LsIuWS) (PEkCENT)

SFC 13 0 18.4 2.8 85
1UO0 397 6f 17.5 2.1 89&
950 185'4 64 19.4 4.1 65
900 337b 66 21.5 4,9 35
850 5000 7? 20.8 4.1 25
800 6709 8, 1A.2 3,3 25
750 8507 9,4 14.7 2.8 25
700 10407 IOH 10.9 2.4 25
650 12421 121 6.8 2.2 25
600 14560 128 2.4 2.2 25
530 16844 144 -?e2 2.1 25
500 19304 151 -7.3 2'1 25
450 1978 164 -12.9 2.1 25
.400 ?4882 180 -1901 2.2 20
350 >8084 IH7 -26.3 2.4 15
300 31680 213 -34.9 2.5 15
250 4 4771 2 q -43.9 2,b 0
200 40584 219 -S3.4 2,2 0
175 43373 282 -58.3 2.2 0
150 4b512 276 -63.1 2.5 0
125 r01'4 259) -66.7 3.2 0
:IO0 4570 23. -f .8 3.4 0

.80 i9026 233 -h392 2.9 0
70 o1)729 249 -bOo7 2.4 0
bO 6490S 250 -5.0 2.2 0
50 6869R 276 -5;s5 2.1 0
.40 73389 30e -52.8 2.0 0
30 79519 33H -49.7 2.2 0
25 nJ42? 364 -48.0 2.1 0
20 iH264 397 -45.8 2.4 0
15 (44577 46 -42.8 2.5 0
10 1n3576 564 -38,5 2.6 0
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TaNe 179. Mea Upper-Air He.ht and Tomp.'ature Data for Point Mugu, Caiforna: Septembe

NO. OSERiATIONS -- SJRFACF is8 Top = 132

PRESSURL Hf IGHT TFmPF PATIJE MEnIAN

LEVEL MEAN S.110 PFAN S.D. WEL.HUM.
(MHS) (FEET) (UF(,. CkLsib) (PCfCENT)

SFC 13 0 i .o 3.8 80

bouo 3S 64 17.7 3.0 75
9S0 1811 79 IQ.6 4.9 55
900 3337 79 20.7 4.8 35
850 4951 HI%1.2 4.1 25
800 h647 10", 16.2 3.5 25
750 843s 12! 12.6 3.0 25

700 10322 13! M.9 2.8 35
bSO 1232? 148 r.2 2.7 25
600 14 4 154 1.1 2,4 25
550 Io72b 174 -3.4 2.5 25
500 1173 184 -H. e.3 15
450 ?1831 203 -14.2 2.2 15
400 ?4718 217 -P'n.5 2.2 15
350 ?7894 22o -20.1 2.4 15
300 31460 24o -I. 3 2.5 15
2O IS531 256 -44.7 2.7 0
200 40331 2Sq -53.b 2.8 0
175 43117 27? -57.9 2.7 0
150 4h266 26b -62.3 2.9 0
125 49921 25h -6A.0 3,1 0
100 C%4344 24f) -66.9 3.1 0
ho 1-8780 23t -b4,5 2.7 0
70 61463 243 -6?.1 2.6 0
60 g461) 251 -1;.6 2.b 0
50 S8373 274 -7.3 2.3 0

40 73022 305 -54.2 2.4 0
30 7909H 344 -51.1 2.4 0
25 R298? 3h! -49.3 2.4 0
20 H781? 417 -47.2 2.6 0
15 9409H 48? -44.7 2.6 0
10 1n3022 551 -40.8 2.9 0
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TaN. 180. Msn Upper-Air Hight and Tmperatoe Data for Point Mugu, Caifornia: October

NO. OrmSERvATIoNi -- SURFACF 398 TOP 142

PRESSiE HF I4T TFMPE4A TUPE MEOIAN

LEVEL MEAt o . M1AN S.D. REL.HUM.
(MHS) (FEE T) (E6. (.FLSlJS) (PEkCENT)

SFC 13 0 16.8 3.9 75

1000 43o 7C 17.1 3.9 75
950 1877 84 Is.0 5.3 60
900 333e 92 17.9 5.2 35
b5c 4987 10' 16.0 4.8 2I
800 66b3 121 13.2 4*.4 25

150 8435 13, 9.9 4.2 25
700 10299 154 6.5 4.4 25
650 12283 171 P.9 3.7 25
bOO 14393 19,) -1.3 3.m 25
550 16b47 213 -5.9 3.7 25
500 10 7c 236 -1141 3.5 25
450 ?1709 253 -17.3 3,1 15
400 '4570 27: -23.4 2.9 15
350 ?7733 299 -31.0 2.8 15

300 11257 32H -3Q.2 2.4 15
250 35279 348 -47.6 2.8 0
200 40023 341 -94.T 3.1 0
175 42792 33H -59,3 3.6 0
150 i5935 32- -6?.6 3.4 0
125 49600 ?91 -6r.5 3.3 0
100 54026 2b9 -67.6 3.5 0
MO 54 4; 249 -66.0 3.0 0
70 61106 240 -64.2 2.6 0
60 64219 253 -61.9 2.3 0
50 67940 2b? -59.3 2,3 0
40 7295? 2H9 -56,4 2.3 0
30 78586 326 -53.0 2.6 0
25 42444 36f -51.2 ;.7 0.
20 87221 41? -44.3 3.1 0

15 93406 459 -47.3 3.4 0
10 102221 548 -43.9 3,4 0
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Tabio 181. Meau Upwr-Air Heigt uW Tovipwature Dote tft Pom uw. C4jdsom : nrvmb ew

NO. OkSERVATIONS -- SUPFACF Jb TOP = 114

PHEbSUR H"IbHT rFMPEPATURF MEDIAN
LLVEL KF.Arj S.1). SAN .D, RELHUM.
(Mm 5) (FFEI) CUU, CFLSIII") (PEwCtNI)

SvC 13 1 ;.2 s.0 75
1000 492 9? 16.1 4.3 65
950 1926 9H 15.8 5,3 45
900 3429 11? 13.9 5.4 35
80 4997 131 11.5 5,3 35
b0 6651 154 R.8 5.0 25
750 8396 177 6.1 4.7 25
7tO 1023f 2i3 3.0 4.5 25
6,O 1219? 23l) -0.5 4.6 25
boo 1427? 259 -4.6 4.4 25
550 1b496 289 -q.0 4.4 25
500 1R88H 32S -14.1 4.2 25
450 ?1490 3b -19.8 4.1 25
400 >4318 400 -?6.2 3.', 25
3"i0 ?7385 42f -33,7 3,. 25
300 30373 4b.1 -41.7 3,0 0
250 44851 48,? -4q.8 3.2 0
200 395b7 4 14 -57.0 4.3 0
175 4?326 47,) -C9.8 4.4 0
ISO 4'3469 444 -6?,0 4.0 0
125 49147 407 -64.5 3.9 0
100 L3596 354 -6A.2 3.8 0
80 'H,041 30() -65. 3.6 0
70 (070q 292 -64,4 3.2 0
b h 0 3H 09 28 -63.0 2.6 0
50 07510 2H9 -61.1 2.3 0
40 ?,077 30H -Sq.1 2.5 0
30 18031 35 -56.1 2.9 0
25 M1814 394 -q4.4 3.0 0
20 f651 44 - 8?. 3.4 0
15 )2621 464 -$0.3 3.2 0
10 101329 52m -16.9 3.3 0
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TebWe 182. Mean U'pper-Air 14Hight wn Temperatire Dat* for Pairpt Mugu, Caiftornia! December

NO. O"SERVATI0NS -- SURFACE 447 Top 14?

PRESSUW. HFI(H 1T8 E mPEPArUPE MEW) ~N
LEVtL MEAN S.1). ME.AN S.D.* PEL*H LIM.
(Mt8s) (FEET? W(DEC. LLLSIII$S) (PERCL NT)

SFC 13 1) 1?.? 4.9 65
1000) 49c; 12A 13.2 3.8 55
i5o 1913 13,) 12.3 4.7 30
900 3392 144 10.2 5.0 35
t350 4944 161 9.41 5.3 30
boo 6578 18') r, .'7 5.5 25
?SO 8307 211) 3.2 5,? 25
100 1(;28 234 *3 5.2 25
L-0 1?0O3 ? (I , -3.? 5.1 25

boo 14124 3fl-) -7.1 4.9 25
550 16335 32P 11. 4.6 25
500 18714 371 -16.5 4,3 25
450 P1296h 410 -2109 4.0 25
400 24101 44 -28.1 3.9 25
350 ?718b 499 -35.*4 3.7 25
300 30646 52'.i -43.2 3.3 0
250) 14596 548 -b1.4 3.b 0
20)0 3Y268 '331 -57.8 5.0 0
175 42024 509 -59.2 b.2 0
150 4L3180 47A -60.8 4.7 0
125 48875 431 -63.1 4.6 0
100 ",335.1 377 -65.2 4.,8 0
80 57802 .32H -bS.2 4.7 0
70 hf04b9 32-e -64.4 4.0 0
b0 635b6 31-) -63.2 3.4 0
50 67254 3111 -61.7 3.0 0
40 71804 331 -5908 2.8 0
30 71720 367 -579,f 3.2 0
25 (41457 35 j -56.1 3.? 0
20 46P5 407 -94o3 3.8 0
15 '42159 43h -52.4 '.1 0
10 100314 S2'1 -49.0o 4.5 0
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UPPER-AIR DATA ABOVE 100.000 FEET

Descnptiot of the wind :od temperature fie!ds above 1l0.OO3 feet (31 kilometers) as
nmasured by the payloads of meteorological rockets for,'0 fr m Point Mugu during the eight
years 1961 through 1968 art presented in this section.

The payloads, carried by rockets of the ARCAS and HASP type, ro'ltinely reach altitudes
of 20C,000 fetr (61 kilometers) or higher. From these pe:ak altitudes, temperature ad.d wind
sensors descend and provide dat. to suitl.h!v equipped ground stations. Des ripho[t:. -;' the
rockets, their various payloads, the Meteir logical Rocket Network iMRN) operations (of which
the Po~nt Mugu firings are an integral part?, and the data eductiovi metho2s may be found in
reference 13).

MEAN MONTHLY WIND AND TEMPERATJRE TABLES

Listings of mean w tnd comrients ird tempera!ure data for altltddes from 3? kilometers
(9.OOO feet) to as high as "ata are available are prevwntcd in taies 18.3 through 194. These
tatles have been extrcic: I f o , 11-e monthly putlicitions of reference 14. Derived data pres
sure, denuty, and speed of soutid are also icludel in the !abl,s, .s are values of the standa.'
deviition and he numner of ohs'ervationi tor each item at eacfl leIv'l A pichm-.y summary

of data obtained froin 35 Ii ) klometers using the falling sphere sensor of- the Viper-Dart
firings at Point Mugu, -S presented in appendix H

Precsdin ,oge hlank
22,
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MEAN WIND COMPONENT TIME SECTIONS

Figure 35 presents vertical timne sections of the mean zonal and mneridional wind compo-
nents over Point Mugu between 30 and 62 kilometers (98)XX) to 203.000 feer for each mnonth
of the year from data extracted from the tables in the preceding section.

The zonal wind pattern. figure 35 (a). exhibits a striking seasonal shift fromt Strong east-
erlies ini the summer mionthis to sr rong. r wkesterites in ;:ie writlr months The s,r(ing reversal.
the t ransition front westerlies to easterires. appears in these data tirst :it the high altitudes in
Aprii and works its way downward to appear in- the lower altitudes in May'. The fall revelsal.
returning to the westerly flow, occurs generally in September- Both the eastellies arid west-
erlies are stronger at the ;gher altitudes than in the lower regions The meridional wind coin
pone-it I figure 35 (b)] is generally quite light whetn compared to the zonal compornetnt. Over-
all, the meridional componlent is mnostly sou,.her~v at spceds of less than 10 knots.

II".
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Figure 35. Mea Mnrh1,1 Wind Componen ts, Point I%4uqu, ralitorni,
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A more detailed look at the mean, zonal wind speeds during the transition periods is pro-
vided by figure 36. Here 5-day mean zonal speeds have been computed for the 30-, 40-. and
50-ki*oineter zonal components (980D00. 13 1,000, and 164.000 feet) at Point Mugu.' The spring
reversal is seen to occlir at 50 kilometers very near the end of April, at 40 kilometers some 10
days later, and 5 days after that a, 30 kilometers. The process is completed in about 15 days.
The fall reversal at S0 kilometers tends to occur near 20 September. at 40 kilometers about
3 days later, and near I October at 30 kilometers. This reversal becomes complete in about
12 days.

o-o----30 KILOMEI ERS

40Kt..OMETERS

a-o----4o0 KILOMEl El'S

SPR;Wr, REVERSAL FALL REVERSAL

0 -0

25 30 5 10 19 is 20 ;5 ;0 5

APRIL I MAY SEPTEMBER I OCTOBER

9 YEARS. 1960 THROUGH IS 8 YEARS. 1960 THRCIJCH 1967

Figure 36. Five-Day Mean Values of Zonal Wind
Speed for Alritudes of 30. 40, and 50 Kilometers

ar rhe Spring and Fall rransions.
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MEAN TEMPERATURE TIME SECTION

Mean temperature data from tables 183 through !94 are presented in a time section for
the altitude range of 21) to 62 kilometers (figure 37). The temperatures are seen to increase
-kith altitude through tne upper i,.rtions of the stratosphere and are generally warmer at a given
altitude in jmiimer than in *he uih r xeasons. The stralojause is app;!rent near 48 kilometers
( 157(000 feet), abovt which the twmper ,tures hegirn a slow inaearve !- the rresosptlcre. Nt; !hat
ti,c data from !hc temperalure sernsois III the rocketsoride packa~oc; used in this period are of
somewhat uncertain accuracy at 3!ritudei above about 55 kilometers 180,(M~ feet) and so Laution
is .zIvised in applications of data above that altitude.
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MEAN TEMPERATURE PROFILES

The mean January and July temperature data were used in preparing the temperature
profiles shown in figure 38. These are compared with both the Standard Atmosphere profile
(referenc~e 10) and the appropriate 30* N Supplemental Atmosphere profile (reference 12).

POINT MUGU. JANUARY 1;96. THIROUGHI POINT MUGU, JULY '9t'! THROUGH
1 9"! (MAXIMUM OBSERVATIONS. 4.3. 1968 iMAXIMUM OBSERVATIONS. 54,
DASHES 20 OBSERVATIONS) DASHES 'Nj OBSERVATIONS)

..- 1462 U S. STANDARD ATMOSPHERE......... ....... 196i2 U S STANDARDI ATMOSPH ERE

- - IO'N JANUARY SUPPLEMENTAL IW~N JULY SUPPLEMIENTAL
ATMOSPHERE ATMOSPHERE

5?JANUARY JULY-7T KM \

58 .00

MIS

170

160

IS

4~44

P La
C I / 140

42//

.1 / 44

110

32

I(] (I 111 1 ) I -40) -20 -1 0 111

TEMPI NSTI'RE 10(RHFF!SI CELSIUS,

F'gure 35. Mean Temperature Pro file Comparison. Point Mugu, California.
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APPENDIX A

A PRELIMINARY SUMMARY OF BALLOON-BORNE
OZONESONDE DATA FOR POINT MUGU

INTRODUCTION

Measurements of atmospheric ozone at Point Mugu were made during three periods between
May 1965 and February 1972. In this time span, 108 valid sets of data were obtained, using
two different types of balloon-borne sensor. In the first two periods. May to December 1965
and June 1966 to September 1967, the chemiluninesceni sensor of Regener (rektrences A-I
and A-2) was used. The electrochemical concentration cell instrument developed by Komhyr
(references A-3 and A4) was used in the third period, April 1970 to February 1972.

The number of soundings by month, year, and type of sonde is given in table A-I. Dis-
cussions of the characteristics 4f the two types of ozonesondes may be found in references A-5,
A-6. and A-7. Articles concerrjing ozone distributions and its variation with altitude, latitude,
and season, zs well as the role of ozone in the atmosphere are included in references A-8, A-9,
and A-10.

Table A-1. Distribution of Ozone Soundinq Data by Month at Point Mugu

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Totals Type of
Sonde

165 3 2 2 6 4 3 20
, 966 4 2 2 4 6 . 6 29
1967 2 5 5 3 4 4 I 24

73 Regener
1970 2 3 2 4 I I
1971 6 4 4 4 2 20

1972 2 2 4
35 Kmhyr

t sh t I I 9 9 9 9 4 6 7 12 9 13 lOX

Preceding page blank
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POINT MUGU OZONE DISTRIBU ION CHARACTERISTICS

A number of papers have been written on thae vertical distribution of ozone at specific
locations (e.g.. references A-Il., A- 12. and A-I 3) and, in the great majority of these, (he area
of interest has been the primary ozone maximum that occurs between about 20 and 25 kilom-
eters above the surface. During the series of ozone soundings made at Point Mugu, it was
noted that there was oten a strong peak at low altitudes, generally below 3 kilometers. As far
as is known, this vas one of the first series of otonesonde observations made near a m-ijor pol-
Iotnon source. This low-level peak became the subject of' a paper by D. A. Lea (referen~e A-14)
which discussed the subtropical jnve-;ion as a probable reservoir Of oLene generated in the Los
Angeles basin.

DATA PRESENTATIONS

These l0?X soundings ha ve been summarized by month, season, and year. with values inter-
poLited for each kilometer from the ,ur" 7e to 35 kilometers. The envelope of the monthly
profiles of mean ozene pressure is shown in figure A-I.

4~~~M A' OF#'~ 4

77I
15.....

/X.__ _

0 0 6 , 10 10 140 160 ISO20

OZN IANO BAAP ,

Figure A-? Env'elope of~ Mean AMorhlv Ozone Pressures at P,)nt M~ugu Data lnrerpol.'tedar
7-Kilomneter Intervals (108 Sounc nigs)
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Figures A-2 and A-3 have beeti prepared from data interpolated at 250-meter intervals.
This interval approximates the height difference between the successive I-minute readings used
as input data points for the original data reduction. The low-level ozone peak is shown in figure
A-2 and the major maximum is seen in figure A-3. Table A-2 lists monthly values of ozone
pressure density at the level of the principal ozone maximum. In both figures, the outer curves
depict the envelope encompassing the extremes of ozone pressure at each level, based on the

mean monthly data.

3U -

Figure A4-2. Efnvelope of Mean Monthly Ozone Pressure atAY Low Levels (0 ro .3 Knomerers). Data interpolated at 250-
MAY Ma otl zn rsuea

F e E meter intervals.

0 20 40 so so
OZONE PRESSURE INANOBARSI

/7 / 1

24 " ,___ ____ _____

C

20

0 100 20 140 160 18(0 200

OZONE PRESSURE (NANOBARS)

Figure A-7. Envelope of Mean Monthly Ozone Pressure in the Region of
Primary Ozone Maximum (20 to 26 Kilometers), Data interpolated at

250 -meter intervals.
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There is one exception to this, however. The low-level mean ozone pressure for May is
far greater than for any other month, and that curve is not contained within the envelope of
figuke A-2. The nine soundings used iti computing the mean data for May have been examined
and there is no discrepancy apparent in the data that would cause this extreme. Attempts to
ascribe this curve to measurements frc-n a single instrument type failed. There were four sound-
ings from the Regen-r-sonde and tive from the Komhyr-sonde, and high ozone values near the
surface were measured by both types of sonde. At the higher levels, the May data falls well in
line with the mean curves of other months, so there is no reason to consider this lower data as
suspect. Thus, there appears to be a tendency for very high concentrations of ozone to occur
within the lowest kilometer of the atmosphere in May at Point Mugu.

Table A-2. Mothly Aerale Altitude of Principel Ozone
Maximum and Ozone Concentrations. Point Mugu

Altitude No. Ozone Pressure Ozone DensityMonth (Kiloma"es 3BS. (Nanoarsl (Gammel)

JAN 23.0 10 167.1 448.0
FEB 21.5 I 1680 452.1
MAR 22.0 9 181.2 486.5
APR 22.5 8 150.1 395.2
MAY 22.0 9 168.1 443.4
JUN 23.8 7 1684 435.0
JUL 25 0 3 163.7 419.2
ALK; 24.5 6 136.6 351.8
SEP 24 8 7 139 1 359.8
O('T 24.0 2 149 A 389.2
NOV 23 3 9 163.1 434.7
DEC 22.5 II 151.2 405.8

All Data 23.0 102 154.4 408.7

Uniti: Nanobar = Micromillibar
Gamma = Microgram per cubic meter (to convert to other

units of density: I atm-cm/km = 0.046729 gamma-
molecules/cm 3  0.12547 x 1017 gamma

OZONE DENSITY

In figure A-4(a), the overall mean oone density for Point Mugu is plotted. As a compari-
son, values of o/one density from the Mid-lalitude Ozone Model (reference A-15)are also plotted.
The model provides ozone density values at 2-kilometer intervals, hased on means computed
over 2-kilometer thick strata. Thus it is morc appropriate to plot these latter means as a step-
funct'on than to draw a smooth curve through the plotted ponts.
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The Pbw-evel peak in !he Point Mugu mean ozone density is a result of the subtropical
marine inversion that tends to hold the ozone generated in the Los Angeles area. Subsidence
from it !eastern '-dge (f the Pacific semnipermanent high pressure cell is a possible cauw of theI
continued high values of ozone density through the 7-Uiome-ter level.

The large negative difference of the Point Mugu curve f-.o-m the values of the model newr
15 kilometers is probably a reflection -f~ the greater mean height of the trcpopause at this lAti-
tude 114 N) thin at the latitude the :iodel represents (40' N). Note also that, as a result of
this Ltitude difference, the peak value of ozone density is slightly greater and -at a higher atti-
tude in the i'oint Mugu data thain in the model. The difference between the Point Mugua data and

the Mid-LAtit de Model are shown in terms of percent deviation in figure A-4(bp.

'rables A-3 through A-7 list the means of the following items as obtained by ozonesonde
observations made at Point Mugu, California: ozone pressure, density, mixing, tefipcratuz-, dew
pxotni, and potential temperature.
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APPENDIX B

A PRELIMINARY SUMMARY OF FALLING SPHERE-MEASURED WIND
AND THERMODYNAMIC DATA FROM VIPER METEOROLOGICAL

ROCKET FIRINGS AT POINT MUGU

INTRODUCTION

From the autumn of 1969 through mid-1972, 45 Viper rocket firings at Point Mugu pro-
duced usable meteorological data at altitudes between 35 and 90 kilometers. These data have
been summarized seasonally and are presented here as pr ,liminary information only. The Viper
rocket was supplanted in mid-1972 by the Super Loki system. As the volume of data from this
system accrues and as techniques become available to improve the accuracy and reliability of all
these high-altitude data, additional and updated summaries will be prepared.

The paylodd of the Viper rocket is a Dart containing a collapsed 1-meter-diameter mylar
sphere (ML-568/AM Robin). The Dart carries this sphere to altitudes of around 120 kilometers
(km), at which level the sphere is ejected and inflated by a small amount of gas carried in a
capsule within the sphere. Wind data are calculted from the radar track of the falling Ro.n,
while thermodynamic data -density., temperature and pressure -are derived from the Robin's
rate of fall. Although the wind data may in some instances be valid though the Vhcre was not
fully inflated, the thermodynamic data are not considered valid if there are indikations that the
sphere had collapsed or was leaking. In such instances, the thermodynamic data are discarded.
Discussions of the Viper-Dart and Robin systems and some of their limitations and problems
may be found in publications such as references B-I through B-5.

FIRINGS

Of the 45 firings that provided usable wind data, 18 also provided usable thermodynamic
data. In this presentation, wind data are included from 85 km downward and thermodynamic
data from 90 km. The data presentations are terminated at 35 km.

Preceding page blank
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Because there are two main seasons in the wind regime at high altitudes'with two minor

transition periods between, the individual soundings were examined to determine the temporal
extent of the "winter" westerlies and the "summer" easterlies at these heights. The resulting
distribution t f the soundings is given in table B-I. Table B-2 describes the items listed at each

kilometer in tables B.3 through B-6 for each season, the transition, and the combined data.

Table B-1. Distribution of Viper Soundings by Season at Point Mugu.

Number Sets of Data
Season Period "

eindoThemodynamic

Winter Late September to mid-April 22 8

Summer Late April to early September 20 10

Transition Two in April; 3 0
Soundings One in September

Table 8-2. Items Included in Data Summaries

Wind Data (all seed values in knots, directions in degrees Trus)

U(W) The U (east-% est) and V (north-south) components or" the mean
and resultant wint vector. The West and South components have
V(S) the positive sign.

RS Magnitude ot the mean resultant wind vector

RD Direction of the mean resultant wind vector

WS Mean scalar wind speed (wind speed without regard to wind
direction.)

NW Number of observations used for the computations at that level

Thermodynamic data

TK Mean temperature, Kelvin

*PMB Mean atmospheric pressure, millibars

*DGM3 Mean density, grams per cubic meter

NT N'amber of observations used for the computations at that level

*Although listed to five decimal places, the data should be considered good to.

only three significant figure...

Graphical presentations of the data for the winter and summer seasons and for the totality

of the data are seen in figures B-I through B-3. In these, the resultant wind speed and direction

(RS and RD) are plotted together with the mean scalar wind speed (WS) to provide an indicator

of the variability of the wind. (The closer the curves for RS and WS, the girater the constancy

of the wind from the resultant direction, RD.) The mean temperature (TK) is plotted in con-

junction with a "reference" temperature profile appropriate to the season concerned.
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DISCUSSION OF THE DATA

In the region between about 66 and 72 km, there appears to be a "discontinuity" in the
wind speed data. This is seen in the profiles as a small, sudden decrease in the wind speed. A
similar "jump" appears in the temperature and density data as well. It has been indicated by
Masterson, et al (reference B-0), that this may not be real. but rather may have been induced
in the data as a reflection of our imperfect kniwledge of the dynamiks of a falling sphere as it
decelerates through the transonic speed range. The Robin sphere is filling at approximately
Mach 3 shortly after its ejection from the Dart at about 129 km, and the deceleration to a
subsonic fall rate usually occurs near 70 km. It would appear that a smooth curve drawn
through this stratum between "good" data above and below might btter represent the mean
wind and thermodynamic data at these altitudes.

WINTER

In the winter season (table B-3 and figure B-I), resultant wind directions are generally
westerly with an indication of southwesterlies in the upper few kilometers. From mean result-
ant speeds of less than 40 knots in the lowest levels, the speeds increase to over 100 knots in
the region of 60 to 67 km befor, decreasing to less than 20 knots above 80 km. The mean
scalar speed is, of course, greater than the resultant speed aw.d in the winter profile can be seen
to follow a pattern similar to that of the resultant speed. At most levels in this profile, there
is a moderate degree of constancy of the 'wind direction, but the v'rrtability increases in the
upper levels.

The mean temperature profile for %inter is plotted in comparison with the January 30"
North Supplemental Atmosphere protile (reference B-7). Although the mean curve is based on
only eigh: valid sets of data. ii lies quite close to the ieference curve through the 55-to-77-km
range.
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Table B-3. Viper Rocket Summary Osta for Point Mugu, California: Winter
(Late September Through Mid-April).

KM U (W) s) RU WS K Pm8 DGM3 NT

90 0: 0 0 0 0 193 .00186 .00335 5
89 0 0; 0 0 0 0 194 .00221 .003951 6
88 0 o1 0 0 0 I 195 .00262 .00466 6
87 0 0 0 0 0 0 196 .00310 .00549 6

0 0 0 0 0 0 197 .00367 .00644 6
85 14.4 14.7 20.5 224 46 17 199 .00430 .00752 7
84 12.1 14.2 18.6 221 48 17 200 .00501 .00884, 7
83 11.6 13.3 117.6 221 49 17 Z100 000599 .01040, 7
82 13.6 8.2 15.9 239 51 18 199 .00700 .01?24 8
61 16.1 6.6 17.4 248 52 18 200 .00827 .01438 8
80 19.9 4.9 20.5 2Scb 54 IR 2G2 .00976 .01685 879 25.1 2.9 25.3 263 57 18 203 .01150 .0197bi 8
78 31.5 .51 31.5 2691 61 1 203 *01355 .02328 8
77 38.8 -1.4 38.8 272 65 18 204 .01597 .02741 8
76 46.8 -3.3 46.9 1274 70 18 204 .01881 .03224 8
75 56.6 -6.0 56.9 26 76 19 205 .02215 .03774 8
74 65.3 -8.6 65.9 1,278 84 19 207 .02605 .04398 8
73 73.0 1-11.0 73.9 1279 93 19 209 .03059 905116 8
72 80.4 -12.5: 81.3 ?79 100 19 211 .03587 e05936 8
71 89.2 -13.01 90.1 278 107 20 213 .04198 .06862 8
70 91.4 -11.21 92.0 177 105 20 212 .04912 .08099 8
69 91.7 -7.2 91.9 275 101 2n I213 .05749 .09356 8
69 93.4 -2.8 93.4 272 100 20 220 .06701 .10547 8
67 A00.' 26100.5 269 107 21 225 .07780 .1?017 8
66 1103.7 2.6 103.7 269 111 21 228 .09012 .13741 8
65 4103.7 2.5J103.7 269 110 21 230 .10424 .15705 8
64 99.8 3.9 99.9 268 105 21 237 .12018 .17579 8
63 9b.8 5.31 99.0 267 104 21 242 .13807 .19762 8
62 100.0O 8.0 100.3 1265 IO0 2 248 .15814 .2?104 8
61 99.8 14.81100.8 262 106 21 251 .18068 .24943 8
60 1 99.4 19.0 1101.2 1259 108 2? 253 .20626 o28332 8
59 95.8 21.61 98.1257 104 2? 257 .23506 .31761 8
58 91.5 19.5 93.6 258 98 2? 254 .26176 .36585 8
57 87.7 16.4 89.2 1259 93 2? 255 .30524 .41486 8
56 8b,0 12.1 86.9 1262 91 22 .257 .34771 .47026 8
55 84.6 8.3 85.0 264 89 21 256 .39610 .53769 8
54 82.5 10.4 ; 83.2 263 88 21 257 .45106 .60938 8
53 82.3 10.51 82.9 263 90 21 255 .51391 .69998 8
52 84.8 10.0 85.4 263 92 2? 255 .58630 .79838 8
51 87.1 10.4 87.8 263 96 2? 257 .66743 o90114 8
50 8t.5 13.1 87.5 ;261 96 2? 259 .76015 .01879 8
49 84.3 10.6 84.9 1263 92 2? 258 .86491 16275' 8
48 83.1 12.0 84.0 e62 89 2? 259 .98515 1.37149 8
47 84.0 8.3 84.*4 264 90 22 256 1.12133 1.51942 8
46 80.3 7.5 RO7 265 86 2? 256 I27746 1.73363 8
45 76.1 7.9 76.5 264 82 2? 256 1,45616 1,97755 8
44 71.4 5.8 71.6 265 79 2? 254 - 1.66090 2.26945 8
43 68.5 6.7 68.9 264 76 2? 252 1.89602 2.61469 8
42 63.2 8.9 63.8 262 74 27 248 2.16716 3.02944 8
41 57.9 3.5 58.0 ?67 74 2? 247 2.48336 3.48597 8
40 58.6 2.7 98.I 267 73 2? 244 2.84597 4.04763 8
39 47.2 1.7 47.2 268 65 21 246 3.26625 4o61032 8
38 45.6 o5 45.6 269 63 21 241 1375225 6.41300 8
37 42.5 2.2 42.6 267 58 21 232 14.32310 6.47306 8
36 36.0 4.8 36.3 262 50 21 234 4.92799 7.31683 6
35 34.1 L 2.5 34.2 26b 47 21 233 5.69093 8.47401 6
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SUMMER

The summer season easterlies (table BA and figure B-2) are readily apparent in the plot
of rsultant wind directions, with the wind showing a steady easterly direction at all altitudes.
The mean wind speeds of summer are lower than in winter at Ali levels except the very top, and
only the mean scalar speed exceeds even 90 knots. The constancy of the wind is much greater
in summer than in winter up.through about 66 km; above that height the variability increases
greatly.

The July 30" North Supplemental Atmosphere temperature profile (reference B-7) is plot-
ted as a comparison for the mean temperature values computed from the ten sets of thermo-
dynamic data for this season. As in the winter temperature profile, there is generally greater
agreement in those regions with a definite lapse rate than in the two isothermal regions.
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Talde 8-4. Viper Rc.ckt Summary Data for Point Mugu. Cdifornia: Summer"
Wbata Apri Through Eady Septambi.

Km U(W) VIs) WS RD WS NW TK PMa n N3 NT

90 0 o 0 0 0 0 191 .00178 .00323 9
89 0 0 0 0 0 n 189 ,00212 .00389 9

0 0 0 0 0 0 187 .00253 .00467 9
87 0 0 0 0 0 0 187 .00301 .00558 9
86 0 0 0 0 0 A 188 O0o3S9 ,00664 9
as -6.) 3.2 7.6 11 33 1 189 .00428 .00788 9
84 -12.8 2.0 13.0 99 34 18 189 ,0O010 00935 9
83 -17.9 .7 17.9 92 35 IR 189 .00607 .01113 9
82 -21.6 -0.7 21.6 I 88 3A IA 189 .00723 .01324 9
81 -24.5 -2.0 24.6 85 41 18 190 .00A61 .01570 9
80 -26.5 -3.S 26.7 83 45 IA 191 .01024 OIRS7 9
79 -27.4 -4.7 27.8 80 49 18 192 ,01217 .02199 9
78 -28.0 -S. 28.6 78 51 I 192 901446 .02606 9
77 -27.9 -6.3 28.6 77 !3 1R 193 .01717 .03093 9
76 -27*0 -5., 27.6 78 54 IR I95 902044 .03645 9
7b -26.1 -3,9 26.4 82 53 18 198 ,02440 .04268 9
74 -25.6 .4 25.6 91 51 IR 201 .02906 ,05Q04 9
73 -26.9 7.7 28.0 106 52 I 202 .03430 .0592 9
72 -30.7 14,6 34.0 116 58 IR 203 .04040 .06890 9
71 -I5.2 16,5 38.8 115 62 18 202 .04756 .08162 9
70 -39.9 12,4 41,7 107 65 I 201 05612 .09678 9
69 -43.6 8.7 44.5 101 64 I 212 .06592 610781 9
68 -46.5 10.3 47.6 102 62 18 218 .07689 12246 9
67 -47,8 14.o 50.1 107 61 I 218 .08954 .14229 9
66 -55.9 18,9 59.0 109 65 19 224 ,10411 ,i6121 9
65 -68.1 16.6 70*1 104 76 IQ 233 ,1?041 ,j7889 9
64 -79.8 8.R 80.2 96 89 I 238 ,13763 ,20126 8
63 -83.5 7,5 83.8 9S 89 1A 243 ,15812 .22596 8
62 -87,2 8.3 87.6 9 o 90 17 246 *18120 *25520 8
61 -88.0 9,1 88.5 96 92 17 251 .20717 .28633 8
60 -87.5 12.8 88.4 -98 95 17 254 ,23634 .32287 8
59 -87.0 10.4 87.6 97 95 18 256 .26914 .36496 9
58 -79.5 5,r 79.7 94 86 19 258 .30764 *41431 10
S7 -76.6 10.7 77.4 98 80 19 258 .35031 .47158 10
56 -74.7 14, 76.2 101 I 78 IQ 259 .39870 &53371 10
55 -71.1 17.4 73.2 10' 75 20 257 ,45364 ,61399 10
54 -71.4 16,5 73.3 103 76 20 262 51542 .68269 10
53 -75,7 17.7 77.8 103 80 20 263 ,S8565 77363 10
52 -80.2 12.4 81.2 99 83 2n 263 ,56529 ,87830 10
51 -76.5 7.2 76.8 C5 79 20 262 ,7S540 .99973 10
50 -73.0 R,2 73.4' 96 76 2n 262 .85824 1.13857 10
49 -72.3 7.4 .72.7 94 75 20 261 e97640 j.29920 10
47 -71.2 2.5 71.2 92 73 20 262 1,11070 1.47326 10
47 -65.2 4e7 65.3 94 67 2a 260 1.26385 1,68977 10
46 -57.8 4.9 58.0 95 60 20 260 1.43788 1.92348 10
45 -60.0 7,6 60.5 97 63 2n 261 1.63526 2.18041 10
44 -56.6 5.1 56.8 95 60 20 262 1.86010 2.46306 10
43 -5-,1 -1.9 52.2 88 56 20 259 2.11565 2.83571 10
42 -50.9 1.7 5o.9 92 53 2c 259 2.40861 3.22546 10
41 -44.5 4.? 44.7 95 49 20 256 2.74561 3.72241 10
40 -44e4 1.f. 44.4 92 48 2n 251 3.13415 4.34597 10
39 -41.5 .3 41.5 90 47 20 24q 3.58766 4.99856 10
38 -35.1 -0.4 35-.1 89 45 20 248 4.10912 5.75840 10
37-32.6 -0.7 32.6 89 43 2n 242 4.72761 6,78134 9
36 1-32.2 1.9 32.3 93 41 20 239 5.43750 7.88837 9
35 -30,8 2.61 31.0 95 37 2n 236 6.26730 9.21250 9
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TRANSITIONS

The three soundings that could be identiried as having been made during the krief transi-
tion periods bctu'een the winter and summer provided wind data only. The ieans of these are
listed in table B-5. The directions of these soundings were quite variable and the mean speeds
arl me-Stly unde," 40 knlots.
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Tabe 8-5. Viper Rocket Summary Data for Point Mugu, Caifornia: Transitinn
IMidSeptamber and Mid-April.

KM U'W) V (5) Sk |) WS NW JTK PH JGPm3NT

90 0 0 0 0 0 .0 0 0 00
89 0 0 0 0 n 0 0 00
8m 0 0, 0 0 0 n 0 0 Of 0
87 0 0 0 0 0 0 0 0 0 0
86 0 0 0 0. 0 n 0 0 0 0
85 -6.0 41.8 42.2 172 51 2 0 0 0 0
84 -11.3 40.1 41.6 164 50 ? 0 0 0 0
83 -I16.3 38.0 41.4 157 49 2 0 0 0 0
82 -19.6 35.8 40.8 151 47 ? 0 0 0 0
81 1-21.4 J2.5 38.9 147 44 ? 0 0 0 0
90 -20.0 35.5 40.7 151 45 3 0 0 0 0
79 -19.2 31.2 36.b 148 40 3 0 0 0 0
78 -16.5 28.3 32.7 150 37 3 0 0 0 0
77 -12.4 24-.9 27.8 154 36 3 0 0 0 0
76 -2.6 19.. 20.1 173 42 3 0 0 0 0
75 10.7 10.9 15.3 224 49 30 0 0
74 23.9 -1.2 23.9 273 56 3 0 0 0 0
73 37.2 -15.9 40.5 293 61 3 0 0 0 0
72 45.2 -24.8 151.5 ?99 62 3 0 0 0 0
71 41,7 -6.1 51.3 288 56 3 0 0 0 0
70 42.0 -4.8 42.3 ?77 47 3 0 0 0 0
69 32.7 .0.4 34.3 252 38 1 0 0 0 0
6b 23.6 4.3 24.0 260 28 3 0 0 0 0
67 26.5 -10.5 28.5 292 22 1 0 0 0 0
66 30.6 -3.0 30.8 276 41 1 0 1 0 0
65 19.7 16.4 25.7 230 34 3 0 0 0 0
64 1.8 13.4 13.5 188 15 3 0 0
63 -9.4 1.7 9.5 100 23 ! 0 0 0 0
62 -7.9 -3.8 8.8 6-0 28 3 0 010
61 10.8 9.0 14.1 230 26 3 0 0 0
60 14.2 11.3 1b.1 231 32 1 a 0 0 0
59 27.2 11.3 29.S 247 3i 3 0 0 0 0
58 26.0 13.4 29*.2 243 30 3 f0 1 0 0 0

.57 60 16.7 17.8 ?00 24 3 0 0 0 0
56 1.8 18.1 18.2 186 23 3 0 0 0 0
55 -1.8 12.5 12.6 172 17 3 0 0 0+0
54 -0.5 20.6 20.6 179 22 3 0 00 0
53 -5.0 9.8 11.0 153 13 3 0 0 0 0
52 -9.7 8.4 12.8 131 17 3 0 0 0 0
5t -1.3 6.4 6.5 168 18 3 0 0 0 0
50 -1.8 4.5 4.8 158 28 3 0 0 0 0
49 9.8 5.1 11.0 242 29 3 0 0 0 0
48 .4 13.2 13.2 182 29 3 0 0 0 0
47 -1.7 5.1 5.3 162 21 3 0 0 0 0
46 -5.0 7.6 9.1 147 17 3 0 0 0 0
45 -5.3 12.4 13.4 157 281 3 v 0 0 0
44 -5.4 1 4.6 7.1 130 24 3 0 0 0 0
43 7.4 7.2 10.3 225 10 3 0 0 0 0
42 -. 6 8.3 12.7 131 19 3 0 0 0 0
41 -14,2 -5.1 i5.1 70 20 3 0 0 0 0
40 -8. -19.2 20.9 23 32 3 0 0 0 0
3(y 2.5 -20.9 21.0 353 33 3 0 0 0 0
38 796 -14.4 16.3 332 30l 3 0 0 00137 9.2 -5.3 10.6 300 36 3 0 0 0 0
36 8.3 3.4 9.0 248 25 3 0 0 o o
35 .0 2.1 2.1 181 23 3 0 0 0
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DATA SUMMATION

The listings of. table B-6 and profiles of figure B.3 are based on !he total amount of data
acquired from the Point Mugu Viper firings-45 wind soundings and 18 se!- of thermodynamics.

Between 35 and 70 kin, the mean resultant wind has a generally southwesterly direction
and a speed that gradually ir,,reases from less than 5 knots at 35 km to over 30 knots at 70
kin. Above this level, the direction becomes more westerly and norlhwesterk) as the speed
decreases to near 0 at 78 ki. The highest 7 km of the wind data show a shift in resultant direc-
tion to southeasterly ard an increase in the resultant speed to 10 knots. The profile of the
mean scalar speed shows mi,:h higher values than that of the mean resultant speed. The former
is generally above 50 knots and has a peak speed of 97 knots at 60 kin.

The combined mean temperature data are plotted in comparison with both the January'
and July 30' North Supplemental Atmospheres The general tendency of the mean profile is to
remain somewhat cooler at most altitudes below 77 km than these reference profiles and to be
warmer abo,' that level.
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Tabe B-6. Viper Rocket Summery Data for Point Mugu, California: All Data
(October 1969 Through July 1972).

K MfU(W Vls) wsJ RO wS Nw7 TK PM8 nGM3 NT

90 0 0 0 0 0 192 .00181 .00328 15
89 0 0 0 191 .00216 .0039 15

88 0 191 .00256 .0046 15
87 0 0 0 0 0 191 .00305 000554 15
86 0 0 0 1 0 0 0 191 .00362 .00656 15
85 3.0 10.5 10.9 196 40 37 193 .00429 .00772 16
84 -1.3 9.b 9.7 1172 41 37 194 .00509 .00913 16 1
83 -4.3 A.5 9.5 153 42 37 194 .00604 .01081 16
82 -4.8 5.4 7.2 138 45 194 .00712 .01277 17
81 -5.1 3.9 6.4 127 47 3H 195 .00845 .01508 17
80 -4.6 3.4 5.7 127 49 3Q 196 301 .01776 17
79 -2.5 lob 3.0 122 52 30 197 .01186 .02095 17
78 .3 "0.3 4 310 55 39 198 .01403 .02475 17
77 4.1 -1.7 4.4 292 57 39 198 .01661 .02928 17
76 8.9 -2.6 9.3 286 61 39 199 .01967 .03447 17
75 15.9 -3.7 16.4 283 64 4o 201 o02334 .04036 17
74 21.3 -4.0 21.7 281 67 40 204 .02764 .04719 17
73 25.4 -3.0 25.5 277 72 40 205 .03255 .05527 17
72 27.8 -1.? 27.8 273 78 40 207 .03827 .06441 17
71 31.6 -0.3 31.6 270 84 41 207 .04493 .07550 17
70 30.1 -0.4 30.1 271 83 41 206 .052R2 .08935 17
69 28.0 1.1 28.0 268 80 41 213 .06195 .10110 17
68 26.9 3.5 27.1 ?63 78 41 219 .07224 .11446 17
67 31.7 6.9 32.4 258 82 4? 221 .08401 .13188 17
66 28.1 9.4 29.6 251 86 43 226 .09753 .15001 17
65 21.9 9.7 24.0 246 90 43 232 .11280 .16861 17
64 15.8 6.7 17.2 247 -2 47 237 .12890 .18853 16
63 13.0 6.0 14.3 245 92 4? 243 .14809 .21179 16
62 14.5 7.3 16.2 243 94 41 247 .16967 .23812 16
61 15.4 12.0 19.5 ?32 95 41 251 .19392 .26788 16
60 17.7 16.0 23.8 228 97 4? 253 .22130 .30310 16
50 14.5 16.1 21.7 222 95 43 256 .2S310 .34268 17
58 13.2 13.1 18.6 225 88 44 256 .28992 .39277 18
51 11.2 13.9 17.9 219 83 44 257 .33028 .44637 18
56 10.9 13.7 17.5 218 81 44 258 .37604 .50551 18
55 7,9 12.7 15.0 212 78 44 256 .42807 .58008 18
54 6.9 13.8 15.5 207 78 44 260 .48681 .65011 18
53 4.5 13.7 14.5 198 80 44 259 .55377 .74090 18
52 5.2 10.9 12.1 205 83 45 259 .63019 .84278 18
51 8.5 8.7 12.2 224 83 45 260 .71630 .95591 18
50 9.7 10.3 14.2 223 82 49 261 .81465 1.08534 18
49 9.7 8.8 13.1 228 80 45 260 .92685 1.23855 18
48 9.0 7.9 12,0 229 78 4c 260 1.05490 1.40581 18
47 12.0 6.5 13.6 242 75 45 258 1.20C51 1.61406 18
46 13.2 6.3 14.7 244 70 45 258 1.36658 1.83910 18
45 10.2 8.1 13.0 232 70 45 258 1.55566 2.09025 18
44 9.4 5.4 10.8 240 67 49 259 1.7"/157 2.37701 18
43 11.0 2.9 11.4 255 64 44 256 2,01804 2.73748 18
42 7.6 5.7 9.5 233 61 45 254 2.30130 3.13834 18
41 7.6 3.2 8.2 247 59 49 252 2.6i906 3.61733 18
40 8.4 .8 8.4 265 59 45 248 3.00607 4.21338 18
39 3.8 -0.5 3.8 1277 55 44 248 3.4448: 4.82601 18
38 6.3 -0.9 6.4 1278 53 44 245 3.95051 5.60489 18
37 6.8 .2 6.8 268 51 44 Z37 4.515q 6.63WZ7 17
36 3.1 3.4 4.6 222 44 44 237 5.23370 7.65975 15

35 2.2 2.5 3.4 222 41 44 235 16.03675 8.91711 15
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DENSITY DATA

The fall rate of the Robin sphere is used to compute the atmospheric density. Figure B4
presents the mean winter (a), summer (b), and annual (c) density data from tie Point Mugu
N.per firings. These profiles are drawn in terms of percent deviation from a "reference atmus-
phere" value of density. The references used are the January and July 30 North Supplemental
Atmospheres for the mean winter and summer data, figure B-4(a) and (b), respectively, and the
1962 U.S. Standard Atmosphere (reference B-8) for the mean of all the data (figure B-4(c)).

To aid in the comparison with the Supplemental Atmospheres, an additional profile is
provided in figure B4. (a) aqd (b)- the percent deviation of the 1962 U.S. Standard Atmosphere
density from the Supplement'al Atmosphere density for the season concerned. In turn, the devi-
ations of botth the Supplementals from the Standard is plotted in figure B-4(c). Note that none
of the "reference atmospheres" is completely satisfactory as a representation of the observed
densities at cli levels. However, the deviation of the observed data from these references is in
large part less than 5 percent and is seldom greater than 10 percent.

The "zig-zag" occurring in all three data profiles in the 68-to-70-km stratum is again most
likely a reflection of the transition- of the sphere's fall rate to subsonic speeds. However, no
attempt can be made at this time to provide an explanation of the other minor excursions of
these profiles from a reasonably smooth curve.
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APPENDIX C

STANDARD AND SUPPLEMENTAL ATMOSPHERE DATA

The data presented in this appendix have been compiled to provide a ready source for
certain of the Standard and Supplemental Atmzosphere data published in references C-i and
C-2. These publications should be consulted for details regarding the philosophies and methods
used in constructing these model atmospheres.

STANDARD ATMOSPHERE DATA

Temperature, pressure, and density values from sea level to 60 kilometers and to 200,000
feet, based on the U.S. Standard Atmosphere, 1962 (reference C-I) are listed in tables C-I and
C-2, respectively. The tables also provide height conversions between kilometers and feet, and
vice versa.

Preceding page blank
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Tabe C-1. 1962 U.S. Stondard Atmoehote Temperlture, Pressure. u Oemie Do,
0 Through 60 Kd meters

Height "eight Temperature Temperature Pressure Density(Kilometers) (Fot) (Degrees (Oegrees (Millib.rs) (Grams Meter3 }

Col $ius) Ke Ivin)

0 0 -15 0 288 2 1113 2 12250
I 3.28; *8 5 281 7 848 8 11Mi7
2 6.562 +20 2752 7950 1006 6
3 9,8431 -4 5 268 7 701 2 9093

4 13.123 -it 0 262 2 616 6 819 4

5 16,404 -17 5 255 7 540 5 7364
6 19.68 q -240 249 2 472 2 660 I
7 22.966 -30 5 242 7 411 1 5 0
8 26,247 -36 9 236 2 356 5 5258

9 29.528 -43 4 229 7 308 0 467. 1

10 32.808 -49 9 223 2 265.0 413.5

11 36.089 -56 4 216 8 227.0 364.8

12 39,370 -=6 5 216 7 1940 311.9
13 42,651 -56 5 216 7 1658 266 6
14 45,932 -56.5 216 7 141 7 2279

15 49.213 -56 5 216 7 121.1 1948
16 52.403 -56 5 216 7 103 5 166.5
17 55.774 -56 5 216 7 88 5 142 3

18 59,055 -56 5 216 7 75.7 121.7
19 62,336 -56 5 216 7 64 7 1040

20 65.617 -56 5 216 7 55.3 88 9

21 68.898 -55 6 217 6 47.3 75.7
22 72.178 -54 6 218 6 40 5 64.5
23 75.459 -53 6 2196 34 7 55.0

24 78,740 -52 6 220 6 29.7 469

25 82,021 -51 6 2216 25 5 40 1
26 85,302 -50 6 222 5 219 34 3
27 88.583 -49 6 223 5 188 29 3
28 91,864 -48 6 224 5 16 2 '5 1
29 95,144 -47 6 225 5 139 215

30 98,425 -46 6 226 5 120 184
35 114,829 -36 6 236 5 5.75 846
40 131.234 -22 8 250 4 2.87 3."

45 147,638 -9 0 264 2 1.49 1 97

50 164.042 -2 5 270 7 0,798 1.03
55 180.441, -76 265 6 0 4Y' 0 561
60 196,50 -17 4 255 8 0.225 0 306
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Taie C-2. 1962 U.S. Standard Atmosphere Temperature, Premsure, and Decsity Date.
0 Through 200,0M Feet

Height Heiqht TemperturePressure Density
(Feet), (Kilometers) (Degrees (Degrees (Millibars) (G )rams/Meter)

Celsius) Kelvin)

0 0 +15.0 288 2 1013.2 .1225.0
1.000 0 3048 -130 28,,. 2 977.2 11896
2,000 06096 +1.0 284.2 942.1 11549
3,000 09144 +9 1 282.3 908.1 1121.0
4,000 1.214 +71 280 3 875 1 1087.9

5.000 1 524 +5.1 278.'3 843 1 1055.6
6,000 1.829 +3.1, .76.3 8120 1024 0
7.000 2.134 +1.1 274.3 781.9 993 1
8.000 2.438 -0,8 272.4 752.7 963 0
9.000 2.743 -2 8 270 4 724.4 933.5

10.000 3.048 -4.8 268.4 696.9 904,8
15,£(,0 4.572 -14.7 258.5 572.1 771.1
20,000 6.096 -24+6 I 248.6 466.0 653.1
25.000 7.620 -34.5 238.7 376.5 549.5
30,000 9 144 -44 4 228 8 361.5 459.0

35.000 tO.668 -54 2 219 0 239 1 380.5
40.000 12. 192 -56 5 216.7. 188 2 302.7
45.000 13.716 -1;6 5 216 7 148,2 238 2
50,000 15 240 -;6.5 216.7 116.6 187,6
55.000 16.764 -5( 5 216.7 91 8 147 7

60000 18.288 -56.5 216.7 72.3 1163
65.000 19 812 -56.5 216.7 56.9 92.6
70.000 21.336 -55.2 2180 44.9 71.7
75.000 22860 -53 7 219 5 35.4 56 2
80,000 24.384 -52 2 221.0 28.0 44 2

85.000 25908 -50 7 222 5 22.2 34.8
90,000 27,432 -49 2 224.0 17.6 27.4
95,000 28.956 -47 7 225.5 14.0 21.6

100.000 30.480 -46.2 227.0 11.1 I 17.1
110,000 33.528 -40 7 232.5 7.10 i 10.6

120,000 36.576 -32.3 240.9 4.60 6.65

130.000 39 624 -23.8 249,4 302 4 22
140.000 42.672 -15,4 25i.8 2.01 2.72
150,000 45+720 -7.0 266.2 '. 36 1.78
169,000 48 768 -2.5 270,7 0930 1.20

170,000 51.816 -2.5 270.7 0.637 0.819

180,000 54. 864 -7.3 265 9 0.435 0 570
190,000 57.912 -13.3 259.9 0.295 0.395
200,000 60.960 -1P.3 253.3 0 198 I 0272
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SUPPLEMENTAL ATMOSPHERE DATA

To provide depictions of atmospheric conditions at latitudes and Seasons other than the
mid-latitude, annual. measi conditions represented by the U.S. Standard Atmosphere. the U.S.
Standard Atmosphere Supplements. 19" (reference ('-2) was prepared. From this publication.
data have been extracted for the 30-degree North, or s.ubtropical, January. and July Supple-
mental Mtmospheres and are presented in table(' C.3 and C4. As in the Standard Atmosphere
tables above, these data include temperature. pressure. and denity for the same altitu le ranges
of sea level to 60 kilometers and to 2(I.000 feet. but (or both January and July in each table.

Table C-3. January and July Supplemental Atmospheres. 30 Depmlr North, Temperature.
Pressure, and DeOty Data, 0 Throujk 30 KAoamoters

Temperature
Pressure Density

Height (Degrees (Degrees (Millibars) (Grams Meter 3 )

(Kilometers) Celsius) Kelvin)

January July January July January July January July

0 *t4 0 "28 0 287 2 .10 2 tn2t 0 1013.5 1233 0 1159 0

1 '110 '20 5 284 2 2417 906 5 904 6 11070 !066 0

2 +8 0 15 0 281 2 288 2 803 a 8051 993 4 968 6

3 - +1.5 -9 5 274 7 282 7 711.2 714.8 900 S 877 6

4 -5 0 +3 0 268 2 276 627.4 633 1 814 2 7937

5 -11.7 -2 0 261 5 271 2 511 7 559 734.0 715 9

C -18 0 -7 0 2552 2662 483.7 492 9 659 9 644.3

7 -24 5 -14 0 248 7 1!9 2 422.6 433.1 591 6 581.4

8 -31 0 -21 0 242 2 252 2 367 Q 379 1 528.8 523 2

9 -37 5 -28 0 235 7 245 2 3!9 1 3307 471.3 4694
in -44 0 -35 0 229 2 230 2 275 7 287.3 418 7 419 9

11 -50 3 -41 8 222 9 231 4 237,2 248 6 370 7 374 2

12 -56 8 -48.7 216 4 224 4 201 2 214 1 327.0 3324

13 -5( 5 -55 7 213 6 217 5 173 4 1836 282.8 294 1

14 -62.1 -t2,7 211 I 210 5 147 8 156 6 243.9 259 2

15 -64 7 -646 208 5 203 5 125.7 132 9 210 1 2.;-.5

16 -A7 2 -70 0 205 9 203 2 106 7 112.5 180 5 192 9

17 -69 8 -h8 0 20.1 3 205 2 90 4 95,3 1S49 161 7
is -70 0 -65

, 8 203 2 207 4 76 5 80 8 131 2 135.7

19 -67.7 -63 6 205 4 206 64 8 68 7. 109 9 114 2

20 -65 2 -61 4 207 211 8 55 0 58 5 92 1 962

21 -62 8 -59"2 210 4 2134 468 494 77.4 81 2

22 -60 3 -57,2 21219 215 ) 39 8 426 65 2 68 7
23 -58 2 -55 2 21.10 217,9 34 0 36 4 55 1 58 2
24 -563 -53 3 216(o 219 9 29.1 31.2 467 40 4

25 -543 -513 2*8 221 9 24 9 268 39,6 42.0

26 -52 3 -49 3 220 4 223 9 21 3 23.0 3.1.7 5 8

27 -50 3 -47 3 222 4 225 ) 18 3 19 8 28.1 . 30.h
28 -48 3 -45 8 224 8 227 8 15 8 17 I 24 4 26 I
2C

)  -46 a -43.3 22h 8 224.8 13.6 1I 7 20 8 22.3

30 -44.4 -41.4 228 8 231.8 11.7 12 7 17,8 19.1

35 -33,4 -30 4 239 8 242.8 5.69 6.23 8.25 3.04
40 -21 5 -18 5 251 6 254 6 2 86 3.16 3.96 4 33
45 -9 7 -6 7 26.1 4 266 4 1 4 , 1.66 1.97 2.17

50 -40 .1.0 269.2 272.2 0.794 0 891 1.03 1 ;4

55 -to 9 -7.9 262.2 265.2 0423 0.478 0.562 0.628

60 -21.1 -18 4 252 0 254 8 0.221 0.251 0,305 0.344

278



Table C-4. Jamiary and July Suplalementai AtmosPheres. 30 Deree North, Tempatue
Prinsure. and Density Data, 0 Through 200,000 Feet

TemperatureI
Height 

Pressure Density

(Thousands (Degrees (Degrees (M1ibors) (Grams Meter
3 )

of Feet) Cals-us Kel-__ _

January JhIy January July January July Januar) July

0 114 0 *28 0 28- 2 314) 101 10 3. 133 1154o

1 + 13 1 -25 5 28f, . 2408 7, 984 1 9793 10'3 0 1130.('

2 "12 2 "23 1 285 4 21,7 1 "q 8 046.0 1 IsI5r 0 1102 I

3 '11 1, '21 1 28.1 5 4'4 3 41hJ L013 t, 1117,0 10-40

4 10 .1 19 3 283.6 242 5 .883.1 881 7 1081.0 10440

5 ,9.5 -17 6 2r.7 2a8 851.3 85: 3 1046.0 1014.0

6 +S 6 -16o 281 5 28.2 810.5 821.5 1012.0 984.8
7 +7 3 -14 3 .805 287 5 791.0 792 4 980 7 956-0

8 '5.2 *126 2".' 4 2858 761.9 764.3 9519 927.8

9 +33 1".0 276 5 2842 734 1 737.1 923 8 900 3

10 +1 2 2 274 4 282 4 707.0 710,8 896.3 873.3

15 -8.6 -o 0 264 6 274.1 583 1 589.9 767.5 748.4

20 -190 -7.7 254 2 265.5 477 4 j 4869. 653 1 638.1

25 -284 -18 2 2448 255 0 388 1 3989 552.0 541.8
30 -38 3 -28.7 234 9 244.5 312.5 324.1 463.4 462.0

35 -48 1 -30 4 225.1 233.8 24Q.4 260.9 386.2 3 89.0
40 -57.4 -50.1 215 8 223. 1 197.1 208.0 318.3 324.9

45 -61.3 -60 7 211 )  
212.5 1547 1640 2-4.4 268.8

50 -6S1 3 -70 0 207.9 203 2 120.9 127.7 - )2.7 2190
55 -60 2 -68 4 204.0 204,8 94 0 99,0 160 7 168.5

C0 -69,5 -65. 2 213.7 208 0 72.9 77.1 12.7 129.1
65 -65.7 -618 207.5 211.4 56.7 60.2 95 2 99.3

70 -61.9 -58.6 211.3 214.6 44.3 47.3 73.1 76.7

75 -58.5 -55.5 214.7 217,7 34.8 37.2 56.4 59.6-

80 -55 -52 5 217 7 220.7 "27.4 29.4 43.8 46.4

85 -52.A -4t 4 220.8 223 8 . 21.6 23.3 34.2 316.3
CM -49 4 -46 4 223 8 226.8 17.1 18.5 26.7 28.5
95 -46.4 -13.4 226.8 229.8 13.6 14 8 2c.9 22:4

100 -43.4 -404 229 8 232.8 10.9 11.3 16.5 17 7
110 -36,9 -33.9 2363 239.3 7 00 7,66 10.3 11.1

120 -29.7 -26.7 243 5 246 5 4,62 5.01 6.52 7.08

130 -22.4 -19 4 250.8 25. 8 3.01 3.23 4.18 4 56
140 -15.2 -12 2 258!0 261.0 2.00 2.23 2.71 2.98

150 -8,0 -S.0 265.2 268.2 1.36 1.51 1.78 1.97
160 -4 0 -1.0 2t9 2 272.2 0.926 1.04 1.20 1.33

170 -4.7 -1.7 268.5 271.s 0633 0.712 0.822 0.914
180 -10.6 -7.6 262.6 265.6 0.431 0.487 0.572 0.638
190 -16.6 -13.6 256.6 25"9.6 0.290 0.330 0.395 0.442
200 -24.0 -21L9 249.2 251.3 0.194 0.221 0.272 0,307
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An additional C.attire of the Supplemental Atmospheres is the inclusio- of mean moLture
properties for the flust 10 kilometers (33.000 feet) of etich rmwdel atmousphere of that viublioation
llref~rence C. I ). This hting provides values of the relative humidity andi temrpetatuic at levels
of change in the me.an moisture content, and thus permits the conrU.,th .n of "typicar- values
of the radar refractive index at th,'se levels. This has heet doro- for the 30-egree North January
and July d-sta. and tabl: C-5 preserts the result-int data.

Table C-6. Mmii.,. Ckwacewurcs of te 30-Dra ug..P4ih Suppiais..its Atmtoiplwas

IToweooture Relt', V.rtwal fRadarI~gt "." Temp.otutwi Pressure Refractiw.t
(Kilomtes Or*qtO (D*o.,... Humijity (D" .. s I(.ilbars) tndex

0.0 0 '14.) (P reO Celsius) f tN-Units)

0. 1. 8 154 1021.0 334
1.002 3,297 '11.0 70 *12.1 '933.9 298
2.003 6,S71 +6.0 !0 +8.7 633.5 247

3.006 9,E 52 +1. 5 45 +I.. 710 7 216

6014 149731 -180 30 17 Q 482 8 149
8.021 26.316 -31 0 t -310 16681 118

10030 3 2.'b17 -4. 0 -440 274.4 93

Jutly

000 .. 111 80 1 4 tot ; 5 386

1 02 .27 205 5 11 4904 4 307
d003 t)7 15 0 60 2240 8 26

3o6 9. st2 -9 5 60 *10' 714 .3 229
4110~ 13.;4y 4 0 so'4 6.12.5 197
60'14 1'tQ731 -70 40 -h 7 4492.0 IS!

8 021 26.316 -21.0 41) -20)9 A7 I 111I)
I1) 030 3-.'),)7 -35.0 3o 3~' 386 1 94j
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NI
TEMPERATURE VERSUS ALTITUDE PROFILES

Figure C-1 is a vertical profile of the temperature versus attitude as %tated in the three I
model atmospheres listed above and extending from sea level throughi the mesopause to 90
kilometers Q195,000 feet). A listing of the points of ch~ange in slope of the temperature pro-
files for these atmospheres is given in table C-6.
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Takie C4. Sigtlfuesnt Points of dh Temperature Profiles to 90 Kiulometes

U. S. Standard Atmosphere

Height Height Tomporetur" Temperature
(Kilometers) (Feet) (Degrees Celsius) (Degrees Kelvin)

0 0 +15.0 288.2
11.019 36,052 -56.5 216.7

20.063 65.823 -56.5 216.7
3.162 105,518 -44.5 228.7
47.350 155,348 -2.5 270.7
52.4^,9 172,011 -2.5 270.7
61.591 202,070 -20.5 252.7
79.994 262.448 -92.5 j 180.7
90.000 295,276 -92.5 180.7

30-Degree North Supplemental Atmosphere, Jnuory

0 0 +14.0 287.2

2.003 6,571 +8.0 281.2
12.039 39.498 -57.0 216.2
17.069 56, 0nO -70.0 203.2
18.076 59,304 -70.0 203.2
22.107 72,529 -60.0 213.2

32.206 lO5,uol -40.0 233.2
47.416 155,562 -4,0 269.."
51.484 168,909 -4.0 269.2
59.636 195,654 -20.0 253.2
80. 10'/ 262,815 -82.0 191.2
90. Ow.) 295,276 -82.0 191.2

30-Degree North Supplemental Atmosphere, July •

0 0 +28.0 301.2
1.002 3,287 +20.5 X93.7
6.014 19,731 -7.0 266.2

15.056 49,396 -70.0 203.2
16.062 52.696 -70.0 203.2
21 099 69,222 -58.7 214.5
32.206 105,661 -37.0 236.2
47.416 155,562 -1.0 272.2
$1.484 168,909 -1.0 272.2
59.636 195,654 -17.0 256.2
80. 107 262,815 -93.0 180.2
90.000 295,276 -93.0 180.2
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