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ABSTRACT

A statistical analysis of upper air data is
presented for Jallen Site, White Sands

Missile Range, New Mexico. Atmospheric para-
meters covered, for the layer 6,000 to

100,000 feet above mean sea level, are:

wind, temperature, pressure, density, moisture,
iadex of refraction, and freezing level.

This climatological information is based on
the pecriod of observation from 1962-1967.
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INTRODUCTION

Activities of various projects on Range often necessitate a
knowledge of upper air atmospheric conditions weeks or months in
advance of the scheduled mission. As this exceeds the capability
of the usual 24-56 hour forecast, or the longer five-~day outlook,
a statistical analysis of exoteric meteorological data is desir-
able. Missions at specific launch compiexes frequently demend a
detailed knowledge of conditioms aloft for that particular area as
opposed to data for the entire Range; for this reason an analysis
will be presented for individual test sites.

This report presents the frequency of occurrence of the crit-
ical meteorological condition, mean and median values, and the ex-
treme conditions classified by months and seasons, that can be ex-
pected from 6,000 to 100,000 feet above mean sea level (MSL) at
Jallen Site, latitude 33° 11' north, longitude 106° 29' west, ele-
vation 4,051 feet MST. The seven parameters so analyzed are wind,
temperature, pressure, density, moisture, index of refraction, and
freezing level. The statistical infcrmation is based on the ob-
servational period 1962-1967. Note should be made at this point
that White Sands Missile Range (WSMR) radiosonde releases do not
follow a routine schedule, but are taken at random depending upon

the mission requirements for any given date (Table I).

Upper air data has been published for Holloman, Apache, White
Sands Desert, Stallion, and Small .iissile Range (Figure 1) (1,2,3,
4,5). Reports 1 and 2 in this series presented analysés of sur-

face Range data for 'A' Station (6,7).
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2.

EXPLANATION OF TERMS

Winds Aloft

A. Wind directions are given as the true direction from which the
. wind is blowing.

3. Wind speeds are measured irn knots (nautical miles per hour).

Standard Vector Deviation of the Wind (8)

The standard vector deviation of the wind iz a measure of dispersion
gbout the end of the mean resultant wind vector. A circle drawn with
the center at the end of the mean resultant wind vector and a radius
of the standard vector deviation includes $3 per cent of the vector
winds.

02-2—"-2;-‘,2

N R

'Hhere,

¢ = Standard vector deviation, knots
N = Number of cases

VR = Speed of vector mean wind

V = Module of the vector wind

Constancy (8)

Constancy is a term used to sliow how ccnstant the direction oi Lhw
wind is. It is determined by dividing the mean scalar wind into the
magnitude of the mean resultant wind.

100 VR
Q= - (ner cent)

S

T e




3. Constancy (8)

. where, -

Q = Constancy of win& direction (per cent)

" VR = Module or speed of vector mean wind

. Vs = Speed of scalar mean wind

The constancy ofla set of winds is zero when they blow equzlly fre-
ques. y from all directions, with the same average speed; the con-

stancy is 100 when they blow from exactly the same direction, but
o aot necessarily all with the same speed.

4. Density (9)

Py 348.43 fiqa;- grams/cubic meter 4
P
Kx =X |5-0.378 ‘

7.5C
C + 237.3
0.0611 £ 10

(]
[}

- whers,
= Density, in grams/cubic ueter

Pressure, in millibars

<
[}

Virtual temperature, in degrees Kelvin

=4

(1]
]

Partial pressure of aqueous vapor, in millibars

(¢}
[

Temperature, in degiees Celcius

1
l‘ . K = C + 273.16, Temperature, Absolute, !n degrees Kelivin 1’

f

Relative humidity, in per cent

5. 1Index of Refraction (9)

77.6 ~ 4830 12 )| . -6
, it - PPte { K 71.6 ] = |
| 3
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EXPLANATION OF TERMS

Index of Refraction (9)

7.5C
C+237.3.
e = 0.0611 £ 10

vhere,
2, = Index of refraction, dimensionless

K= C+ 273,15, Temparatufe, Absclute, in degrees Kelvin

 C = Temperature, in degress Celsius
p = Pressure, in millibars
f = Relative humidity,.in per cent
e « Partial pressure of aqueous vapor, in millibars

Mixing Ratio (10,11)

In a system of moist air, the dimensionless ratio of the miss of
water vapor to the mass of dry aijr.

0.622¢
W= ———
p-e

X 10°

where,

Mixing ratio, grams/kilogram

€
L]

Pressure, in millibars

-
L}

Partial pressure of aqueous vapor, in millibars

®
L]

where,

2 ]
B

Relative humidity, in per cent

Saturatfon vapor pressure, in millibars
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EXPLARATTON OF TEKVS

6. Mixing Ratio (10.11)

T T' o =7

I
E011.344[ r.} _g ; 08 %107 E -3, 69149[ 1]

where, :

© ¥ = Dry bulb temperature, in degrees Kelvin

T = Steam point tenpercture, 373.16 Ze¢grees Kelvin
g % Saturation pressure of pure ordinary liguid wates e
8 at ateam point temperatu*e (? ), 1013.246 aillibars
7. Precipitsble Water {19,11)
Precipitable water 13 Gefined as the total atmospheric witar VEpnT
contained in a vertical column of unit cross-sectional area extendiﬁg

between any two specified levels. It may be expressed as the height

to vhich that water substance would stand if completely condensed and
collected iz a Vessel of che same unit cross section.

Mathematically,

where,

W = Precipitable water vapor, centimeters
w = Miring ratio, grams/kilogram

p = Pressura, bcunded &y 2 end pz,.millibars

g ~ Acceleration of gravity, centimeters per secz

If g 18 expresged in cm sec-z, p in millibars, and w in g kg_l,
then ¥ is in centimeters. Witk these units, the above equation may
be written as:

¢

2
W eg) = 0:001 T wdp
, %

o8 —
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BRI

EXPLANATIO! OF TERMS

Precipitable Water (10,11)

To determine the precipitadle water within the various layers, the

preceding equation will be numerically integrated. Since the mixing

tatio, @, may be expressed as

w® 0.622e
p-e

it is geen that

B2
L m&sz_e,@
s ]

" where e and p are expressed ‘in miliibare., Note that & factor of 10

Las been introduced to compensate for unmits.
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ACCURACY OF DATA

e Lo e Sange oo ans dac oo o L o 14 & Wiobiaay |

TURERY yovwepes

g

The standard accuracies ({1¢) of the inetru:eutaniQn un‘ 91& derived

data are as follows:
Parameter
TEMPERATURE
AN/GMD-1 (AMT-4,
AMT-12)
AN/GMD-2 (AMQ-9)

RELATIVE KUM1DITY

AN/GMD~1 {carbon
element)
AN/GMD-2

PBESSURE

(rompurer processed)

AN/GMD-1
AKN/GHD-2

Operating Range

Surface -~ 120,000 Feet

Surface - 120,000 Feet

T > 0° Celsius
0° > T > ~40° Celsius

T < «40° Celsius

10,0200 Feet
20,000 Fect

30,600 Feet
40,000 Feet
50,000 Feet
60,000 Feet
70,600 Feet
80,000 Feet

90,000 Feet

100,000 Feet:

. Acearacy
(Roo*. #ean Sguere)

0.7° Celsfus

(frem -90°C to 460°C)

0.7° Celsing

5 per cent
1u per cent

Questionable

0.7 Millibar
1.0 Millibar-

1.2 Millibars
1.0 Millibar
0.7 Millibar
0.55 Miilibar

0.40 Millitar

0.30 Millibar

0.20 Millibar

.12 Millibar

Feor e

- ——

St ST T

hypso~

meter
equipped
sonde 8
for "
GMD-1



ACCURACY OF DATA

j
i DENSITY :
, - AN/GMD-1 10,000 Feet 0.3 Per cent ;
i AN/GMD-2 20,000 Feet 0.3 Per cent f
£ i |
5 ; 30,000 .Feet 0.4 Per cent ’s
T
¢ » . ;.
,g E 40,000 Feet 0.5 Per cent )
[ | i Lkl ' 50,000 Feet 0.6 Per cent
B W .
;) : 60,000 Feet 0.7 Per cent "
e : 70,000 Feet 0.8 Per cent g
80,000 Feet 0.9 Per cent
96,000 Feet 1.0 Per cent !
100,000 Feet 1.2 Per cent
INDEX OF REFRACTION g
AN/GMD-1; AN/GMD-2 5,000 Feet 2,6 Per cent
) . 15,000 Feet . 1.7 Per cent |
: |
25,000 Feet 0.5 Per cent 1
I I
| 30,000 Feet 0.5 Per cent ]
| |
WIND o : ‘
AN/GMD-1 If the magnitude of the 4
P AN/GMD-2 (considered to mean wind vector from the
be more reliable than surface to the level in
i GMD-1 in mean wind question is:
| speeds > 50 knots) Knots
- | <30 30-60  60-90
Note: Accuracies are 20,000 Feet 3 7 15
I - averages over a 1 :
§ . minute interval to 40,000 Fest 4 14 30
| 45,000 feet, 2 The RMS -~ . 4
[ ' minute intervals at 60,000 Feet (Vzctor) 6 21 45
higher altitudes and ‘ in knots
| 4 minutes for certain 80,00C Fert is: 8 28 -- y
elevation angies.
| 100,070 Feet 10 35 --
’ 120,000 Feet 12 42 o

prpa——
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ACCURACY OF DATA

Manual and computer verification tachniques were employed
to insure the highest degree of accuracy of input data for
this analysis.
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SECTION I

UPPER AIR WIND DATA

A. By Months

1. Upper Air Wind Data at Selected Levels ———-—-

2. Relative Frequency Distribution of Upper
Alr Wind Directions at Selected Levels
(In Per Cent)

3. Relative Frequency Distribution of Upper
Air Scalar Wind Speeds at Selected Levels
(In Per Cent)

B. By Seasons

‘1. Upper Air Wind Data at Selected Levels ——==—mn

2. Relative Frequency Distribution of Upper
Air Wind Directions at Selected Levels
{In Per Cent)-

3. Relative Frequency Distribution of Upper
Air Scalar Wind Speeds at Selected Levels
(In Per Cent) ;
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