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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 *,000 to 

100,000 feet above mean sea level, are: 

wind, temperature, pressure, density, moisture, 

index of refraction, and freezing level. 

This climatological Information is based on 

the period 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 «reeks 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 complexes frequently demand a 

detailed knowledge of conditions 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 information 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). 

;   r 
j Upper air data has been published for Holloman, Apache, White 

Sands Desert, Stallion, and Small aisslle Range (Figure 1) (1,2,3, 

4,5). Reports 1 and 2 in this series presented analyses of sur- 

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

* 
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EXPLANATION OF TERMS 

1. Winds Aloft 

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

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

2. Standard Vector Deviation of the Wind (8) 

The standard vector deviation of the wind is a measure of dispersion 
about 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 63 per cent of the vector 
winds. 

2    -*-"'■ 
c--I N   *R 

where, 

0 « Standard vector deviation, knots 

N » Number of cases 

VB ■ Speed of vector mean wind 

V ■ Hodulc of the vector wind 

3. Constancy (8) 

Constancy is a term used to show how constant the direction oi Lit« 
wind is. It is determined by dividing the mean scalat wind into the 
magnitude of the mean resultant wind. 

100 VR 
Q «      (per  COnO 
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3. Constancy   (8) 

If where, 

ii 

4 » 

Q ■ Constancy of wind direction (per cent) 

V » Module or speed of vector mean wind 

Vg » Speed of scalar mean wind 

The constancy of a set of winds is zero when they blow equally fre- 
qufc*. y from all directions, with the same average speed; the con- 
stancy is 100 when they blow from exactly the same direction, but 
not necessarily all with the same speed. 

4. Density (9) 

P„ - 348 

7X 

r » i 
grams/cubic meter 

p - 0.378e ] 
0.0611 f 10 

7.5C 
C + 237.3 

where, 

p_ * Density, in grams/cubic meter 

p - Pressure, in millibars 

K™ ■ Virtual temperature, in degrees Kelvin 

e * Partial pressure of aqueous vapor, in millibars 

C ■ Temperature, in degrees Celsius 

K - C + 273.£6, Temperature, Absolute, in degrees Kelvin 

f - Relative humidity, in per cent 

5. Index of Refraction W 

°X - 1 + 
77.6    • :  [ 4830    11  ) 10 -6 
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EXPLANATION OF TERMS 

5. Index of Refraction (9) 

C 
e - 0.0611 f 10^ 

7.5C) 
+ 337.3 ) 

where9 

n. * Index of refraction, dimensionless 

K - C + 273,16, Temperature, Absolute, in degrees Kelvin 

C « Temperatere, in degrees Celsius 

p ■ Pressure, in millibars 

f ■ Relative humidity, in per cent 

e * Partial pressure of aqueous vapor, in millibars 

6. Mixing Ratio (10,11) 

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

where, 

(j « Mixing ratio, grams/kilogram 

p * Pressure, in millibar* 
- 

e * Partial pressure of aqueous vapor, in millibars 

e * re 

vnere, 

!; 

• • 

- 

0.622e Y ir>3 
w - —_— x 10 

. 

. . 

i 

Li 

r ■ Relative humidity, in per cent 

e ■ Saturation vapor pressure, in-millibars 
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E^PLA*:'-TO* OF TERMS 

i.    Mixing Ratio (10,11) 

log10es " -7.90298^ -,*) + 5.G2808 l%ö[f*] - '.3816 X l(f7 

r~ 
10 

_ 

,11.344(1 - rj - J + a.» 

_ 

1328 X 10 -3 10 -3.49149 M-1 + ***«%' 
where, 

* ■ Dry bulb temperature, In degrees Kelvin 

T « Steam point temperature, 373.16 degrees Kelvin 

ey » Saturation pressure of pure ordinary liquid wats? 
a  at ^teaia point temperature (Tfl), 1013.246 millibars 

7. Frecipitsble Water (10,11) 

Precipitabla water is defined as the total atmospheric water Vspor 
contained in a vertical column of unit cross-sectional area extending 
between any two specified levels . It may be expressed as the height 
to which that water substance would stand if completely condensed and 
collected in a vessel of the same unit cross section. 

Mathematically, 

«* 

1 

where, 

W » ®dp 

h 

W » Precipitable water vapor, centimeters 

ui - Mixing ratio, grams/kilogram 

p - Pressura, bounded by p- and p»,.millibars 

g * Acceleration of gravity, centimeters per sec 

-2 -1 
If g i* expressed in cm sec , p in millibars v and M in g kg , 
then H is in centimeterst With these units, the above equation may 
be written as? 

\tt    v - 0.001 I 
(cm)       J 

2 

1 
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EXPLANATION OF TERMS 

. * 

Ltable Water (10,11) 

To determine the precipitate water within the various layers, the 
preceding equation will be numerically integrated. Since the mixing 
ratio, », may be expressed as 

it is seen that 

0.622 
p - e 

dp 

where e and p are expressed in millibars. Note that a factor of 10" 
has been introduced to compensate for units. 

» i 

w 0.622e 
p - e 

; 

! 

■ 

If 
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r i ACCÜKACY 0? DATA 
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The standard accuracies (12) of the in3trü*eiata£ta* tt&*  *n* derived 
data are as follows: 

Parameter 

TEMPERATURE 
AN/GMD-1 (AMT-4, 

AKT-12) 

AN/GMD-2 (AMQ-9) 

Operating Range 

Surface - 120,000 Feet    0.7° Celsius 
(fro® -90#C tc 4*60ftG) 

Surface - 120,000 Feet    0.7* Celslu? 

B 

u 

+-- 

RELATIVE KUH1DITY 
Aä/GMD~1 (carbon 

element) 
E)-2 

PRESSURE 
(computer processed) 

AK/GMD-1 
AN/GMD-2 

T > 0° Celsius 

0* > T > -40* Celsius 

T < -40° Celsius 

10,000 Feet 
20,000 Feet 

30,000 Feet 

40,000 Feet 

50,000 Feet 

60,000 Feet 

70,000 Feet 

80,000 Feet 

90,000 Feet 

100,000 Feet 

5 per cent 

10 per cent 

Questionable 

0.7 Millibar 
1.0 Millibar 

1.2 Millibars 

1.0 Millibar 

0.7 Millibar 

0.55 Millibar 

0.40 Millibar 

0.30 Millibar 

0.20 Millibar 

C.12 Millibar 

• 

hypso- 
aeter 
equipped 
sonde 
for 
GMD-1 

• 

. ■.«.. *:■#&&&**&&*% iijiiaW! 
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ACCURACY OF DATA 

DENSITY 
AN/GMD-X 
AN/GMD-2 

INDEX OF REFRACTION 
AN/GMD-1; AN/GMD-2 

WIND 

! 

AN/GMD-1 
AN/GMD-2 (considered to 
be more reliable than 
GMD-1 in mean wind 
speeds > 50 knots) 

Note: Accuracies are 
averages over a 1 
minute interval to 
45,000 feet, 2 
minute Intervals at 
higher altitudes and 
4 minutes for certain 
elevation angles« 

10,000 Feet 
20,000 Feet 

0.3 Per cent 
0.3 Per cent 

30,000 Feet 0.4 Per cent 

40,000 Feet 0.5 Per cent 

50,000 Feet 0.6 Per cent 

60,000 Feet 0.7 Per cent 

70,000 Feet 0.8 Per cent 

80,000 Feet 0.9 Per cent 

90,000 Feet 1.0 Per cent 

100,000 Feet 1.2 Per cent 

5,000 Feet 

l ] 

2.6 Per cent 

15,000 Feet 1.7 Per cent 

25,000 Feet 0.0 Per cent 

30,000 Feet 0.5 Per cent 

20,000 Feet 

If the magnitude of the 
mean wind vector from the 
surface to the level in 
question is: 

Knots 
<30  30-60  60-90 
3     7     15 

40,000 Feet 

60,000 Feet 

80,000 Feet 

100.000 Feet 

The RMS 
(Vector) 
in knots 
is: 

4    14    30 

6    21    45 
i 

8    38 

10    35 

! 

120,000 Feet 12 42 
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ACCURACY OF DATA 

Manual and computer verification techniques 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 12 

2. Relative Frequency Distribution of Upper 
Air Wind Directions at Selected Levels 
(In Per Cent) 24 

3. Relative Frequency Distribution of Upper 
Air Scalar Wind Speeds at Selected Levels 
(In Per Cent)   36 

B. By Seasons 

1. Upper Air Wind Data at Selected Levels —■— 48 

2. Relative Frequency Distribution of Upper 
Air Wind Directions at Selected Levels 
(In Per Cent)- 52 

3. Relative Frequency Distribution of Upper 
Air Scalar Wind Speeds at Selected Levels 
(In Per Cent) 36 
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SECTION III 

r UPPER AIR PRESSURE DATA 

A. By Months 
»«• 

1. Mean and Extreme Upper Air Pressures 
(Millibars) at Selected Levels —- 100 

B. By Seasons 
■ 

1. Mean and Extreme Upper Air Pressures 
(Millibars) at Selected Levels - 112 
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SECTION VI 

!  ' 
UPPER AIR INDEX OF REFRACTION DATA 

A, By Months 

1« Mean and Extreme Upper Air Indexes of 
Refraction at Selected Levels ^ 

K.  By Seasons 

1. Mean and Extreme Uuper Air Indexes of 
Refraction at Selected Levels  208 
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FREEZING LEVEL 

For this report the freezing level 

is defined as any altitude at which 

the temperature is 0* centigrade. 

Multiple freezing levels may occur 

on a single ravlnsonde observation. 

Section VII presents data based on 

all freezing level occurrences. 

i. 
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SECTION VII 

UPPER AIR FREEZING LEVEL DATA 
.- 

A. By Months And By Seasons 

1. Mean and Extreme Heights (Feet HSL) of the 
Freezing Level -'———-—■—-~ 211 

2. Relative Frequency Distribution of the 
Freezing Level (la Per Cent)— ™—— — 214 
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FIGURE I 
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HAF OF 8ADIOSONDE SITES 
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WHITE SANDS MISSILE RANG? ~  .£13 
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TABLE I 

FREQUENCY DISTRIBUTION OF 

UPPER AIR SOUNDINGS BY HOUR -216 
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IS. ABSTRACT 

A statistical analysis of upper air data is 
presented for Jallen Site, White Sands Missile Range, 
New Mexico. Atmospheric parameters covered, for the 
layer 6,000 to 100,000 feet above mean sea level, are: 
wind, temperature, pressure, density, moisture, index 
of refraction, and freezing level. This climatological 

information is based on the period of observation from 
1962-1967. (  ) 
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