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PREFACE

The chmatic handbooks for Point Mugu 2nd San Nicolas Iddand are intended as basic refer-
ences both for personnel of the Pacific Missile Range’s Geophysics Division, and for those who
are now using or are planning to use, the facilities of the PMR. These volumes contain descrip-
tions of the surface (Part 1) and upper-air (Part 11) weather phenomena which may influence the
scheduling or results of nperaticns 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) sliould bz discarded.

V& -AD-BE¥ Yoy

The present volumes should be considered as complementary to the Point Mugu Forecasters
Handbook (PMR-TP-72-1, AD 747641) of 1 April 1972. That publication contains technical
discussions of metevrological phenomena affecting both the local Point Mugu-Ventura County
area and southern Caiifornia in general, and is designed for use by the professional metesrologi-
cal community.
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SUMMARY

Upoer-alr meteorological data—primarily winds and temperatur-s-—for Point ‘4ugu 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.ed through the use of rawinsonde data to that altitude from San Nicolas Island.
Supplementary data from Poinrt Mugu balioon soundings are included below 60,000 feet. The
data provided include occurrence frequencies of wind velocity components, mean values and
ranges of temperature, moisiure, and height at the standard pressure levels, and the mean vertical
patterns of the temperature and of the zonal and meridional wind components. '

The second section presents somewhat similar data, but for altitudes extending abow
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 aititudes 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-altitude winds and thermodynamics. A third appendix provides
comparison data from the 1962 U.S. standard Atmosphere and the 19%¢ Standard Atmosphere
Supplements as they apply to the Point Mugu-San Nicolas Island area.

—m




1N A, BT 5

INTRODUCTION

Upper air data (win., tempeiature, pressure-height, moisture, etc.) for Point Mugu ard Saa
Nicolas Island are presented here to supplement the surface climatic data found in Part 1 (refer-
ence 1) of this publication. Station locations and histories are also to be found in that volume.
Tachni-al discussion of meteorological phenomena affecting Southern California may be found
in reference 2.

The upper-air data are given here in two sections, accerding *o altitude. The Jower portion.
between the surface and 100,000 feei (about 31 kilometers®® is based on balloon-borne rawin-
sonde data from San Nicolas Island and Point Mugu, Califormia. Tables in appendix A summarize
ozone data in this lower portion. The upper portion extends to 200,000 fest (absut 62 kilom-
eters). It is based on data collected from tirings of meteorological rockets at Pont Mugu.
Tables in appendix B extend these data to 280,000 feet (85 kilometers) based on preliminary
analyses of falling-sphere data from the high-altitude Viper-Dart-Robin system.

*In the text, convervons from feet to kilometers and vice versa have been rounded off.

Preceding page blank | 3
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TERMINOLOGY

The terms and units in this publication are those in common meteorologlcal usage. Thcy
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 mlles 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 (2 36-point compass) as measured clockwise
from: 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.

Toble }. Wind Direction Conversion Table

Compass Point | Degrees True Rongc
{Inclusive Degrees)
N 000 349 o0 011
NNE 22.5 012 to 033
NE 045 034 to 056
ENE 067.5 057 to 078
E 090 079 to 101
ESE 112.8 102 to 123
SE 135 124 to 145
SSE . 157.5 147 to 168
H 180 169 to 191
SSw 202.5 192 to 213
sw 225 214 10 236
wsw 247.5 237 o0 258
w 270 259 to 281
WNW 292.5 282 to 303
NW 315 304 10 326
NNW 337.5 327 to 348
N 360 349 to O11

Preceding page blank
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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 ran be described
in those terms alone. The north-south component is the meridional or U component, the east-
west com  nent is the zonal or V component. The south and west portions are positive. Thus
a -14 krat meridional (ur U) component and a +10 knot zonal (or V) component combine to
j foun a resultant wind velocity of 306 degrees at 17 knots. Summarized wind dadta are often
presented in terms of the zonal 1nd meridional components only.

TEMPERATURE

1 In degrees Celsius.

PRESSURE

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

RELATIVE HUMIDITY

In percent of saturation (100 percent).

HEIGHT

In feet or kilometers. Supplementary scales indicating the secondary unit of measurement
are inctuded in the figures. One thiousand feet are 0.3048 kilometes; one kilometer is 3,280 R399
feet. Conversion us*ings for fect to kilometers and kilometers to feet are incorporated in tables
C-1 and C-2 in 2ppendix (.

The several major regrons of the atmosphere (indicated in the temperature-altitude profile
of figure C-1 in appendix C) are generally defined by their temperature characteristics, as in the
following paragraphs.

TROPOSPHERE

The lowest region of the atmosphere, the troposphere, is surface-based and is the region
within which the major portion v weather phenomena occur. 1t 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 kilometer. The height and temperaturs of the
tropopause vary with the latitude, and to some extent, with the time of the year. it is highest
and coldest in the tropics. sccurning as high as about 18 kilometers (€0.000 feet), and has a
niean temperature of nearly -80°C. At nudlatitudes. the tropopause is often found near 11
kilometers (35,000 feet) and with 4 mean temperature of ahout -56°C. The average tropopause
height in polar regions is close to 9 kilometers (30,000 feet) and is higher in summer than in
winter. The mean (ropopause temperature at nigh latitudes is nearly -$3° C and 18 warmer in
summer than in winter.
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STRATOSPHERE

This region extends upward fr~m the tropopause to about 50 kilometers (164,000 feei).
- It is a very stable region and is characterized by a general increase of temperature with altitude.
The top of the stratosphere is the stratopsuce. lts temperature is close to -3°C. :
MESOSPHERE ;
i ;
This segion extends upward from the stratopause to ahout 30 kilometers (260,000 feet).
. It is characterized by a general dccrease of teniperature with aititude. The temperature at the-
: upper bourdary, the mesopause, is close (o - 90° C. (Above the mesopause, the temperaturs once
& again increases—the thermosphere—reaching values ot over 1,000°C at an altitude of about 245
1 kidometers or 785,000 feet.)
1
z .
Detailed discussiu.i of the characteristics of the atmiosphere at levels above the trepopause
may be found in reterences 3 and 4.
§ f
§
‘"'
{
H
i
¥
tH
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UPPER AR DATA TO 100,000 FEET

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

Although the overall period of record at Point Mugu iz longer than at San Nicolas Idand,
there were far fewer observations made at Puint Mugu during this time period. The Point Mugu
observations have also been much more sporadic during this period of record than those n'ade
at San Nicolas Island. Thus, the San Nicolas Island data are feit to present a more representa-

tive picture of conditions over the sea test range, particularly above the first few thousand 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-1 ground equipment and the AN/AMT-4D flight instrument. In more recznt
years, the AN/GMD-2 ground equipment and the AN/AMQ-9 instrument were used for a number
of the soundings. However, there waz 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
Winds-Aloft Frequency Profiles

Vertical profiles of the annual and seasonal wind distribution over San Nicolas Island and
Point Mugu to 60,000 feet (about 18 kilometers) are shown in figures | through 10 and 11
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-
-nuth) components of the mean resultant wind vector. In accordance with standard meteoro-
togical practice, the wind components are positive when from the west or south. The seasons
are detincd as: winter, December through February; spring, March through May; summer, June
through August; and autumn, September througn November.

In each figure, the mean speed profile is plotied along with profiles of the speed values
one standard deviation abuve 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 firstJook general-
izations aad, as such, are presented without great detail for annual and seas:nal wind data.

Preceding page blank




Characteristics of Wind Profiles

At both locations, the aunual scalar wind profiles show a general increase of mean wind
speed from about 10 knots near the swifice to'a maximum of about 48 knots near 40,000 feet.
Seasonally, the strongest mear. winds occ ir-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,
with 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 appeurs in winter when the otherwise pre-
vailing westerlies are replaced on occasicn by winds with an easterly component. -

Annually, the mean meridionai wind has a weak northerly component to about 30,000
feet and becomes somewhat' more southerly above ihat altitude. Seasonally, the strongest
northerly components are seen in winter, but there are stronger southerly components in the
winds of summer. As with the zonal component, the variability of the meridional component
is greatest in winter as the direction of the wind vector fluctuates with the passage of successive
troughs and ridges. Tiie least variability of the meridional 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 & very weak meridional component at all- altitudes, switching from
northerly to southerly above aboui 35,000 feet.
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Figure 17. Upper Wind Component Profites for Point Mugu, Californis: Winter.
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Figure 19. Upper Wind Component Profiles for Point Mugu, Californis: Summer.
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Cumulative Frequency Distributions

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 and in

-tables 53 through 103 for Puint Mugu. The San Nicolas kidand data are given-to the 10-millibar -

level (about 102,000 feet or 31 kilometers) and those for Point Mugu to the 70-millibas level
(about 61,000 feet or 18 kiiometers). In each table the wind data are presented at the standard
pressute levels (sce 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 form

of a cumulative frequency distribution at 1-, 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: wue for the scalar wind-speed distribu-
tion =ad 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—t:e jet steam-cannot be pcsitioned precisely in altitude. This
levef will often occur between the standard pressure levels, and so orly a zone within which the
jet stream will most likety be found can be determined. For insiance, in figures:1 through §, it
can be seen to occur riost likely in the region between 35000 and 45,000 feet. The value of
the mean speed at these heights cannot be taken as repres :ntative of jet stream wind speeds.
Rather, the 95- or 99-percent speed vzlue might be a m~.¢ likely indicator of those speeds.

the second limitation concerns wind shear. Norm: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 eftec-
tively masked out small-scale wind shears and have smoothed larger scale shears significantly.
It is quite possible that maximum shears several times grzater than those implied by the data
presented here are possible. Thus caution should be cxercised in any attempt to infer wind
shear data from these profiles and tables. '
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