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FOREWORD

This report is a revision of Data Report 327
titled "Atmospheric Structure, White Sands Missile
Range, New Mexico, Part 3, Upper Air Data: White
Sands Desert Site" published in 1968 and Data Report
397, "White Sands Missile Range Climatography No. 4,
White Sands Desert Site' published in 1969.

This revision updates the original records to
cover the period through 1973 and combines material
previously offered so that surface data and rawin-
sonde data for each 1,000 feet up to 16,000 feet
above mean sea level, as well as rawinsonde data for
additional levels up to 100,000 feet, are available
in a single report.
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INTRODUCTION

Activities of various projects on Range often necessitate
a knowledge of upper air atmospheric conditions or surface data
weeks or months in advance of the scheduled mission. As this
exceeds the capability of the usual 24-56 hour forecast and the
longer five-day outlook, a statistical analysis of exoteric
meteorological data is desirable. Missions at specific launch
complexes frequently demand a detailed knowledge of conditions
for that particular area as opposed to data for the entire Range.
For this reason, an analysis has been presented for individual
rawinsonde stations proximate to Range test sites and launch
complexes (1-9).%

Section 1 of this report, based on rawinsonde data collected
during the observational period 1961-1973, presents the frequency
of occurrence of the upper air meteorological conditions, and the
mean and extreme values classified by months and seasons that can
be expected from the surface to 100,000 feet above mean sca level
(MSL) at White Sands Desert Site [Figure 1], latitude 32° 24' north,
longitude 106° 22' west, elevation 3989 feet MSL. Seven parameters
are analyzed: wind, temperature, pressure, density, moisture,
index of refraction and freezing level. Note should be made at
this point that White Sands Missile Range (WSMR) rawinsonde
releases do not follow a routine schedule, bHut are taken depending
upon the mission requirements [Table I].

Surface measurements of meteorological conditions at White
Sands Desert Site consist of wind, temperature, and precipitation
data. These are presented in tabular form in Section II.

*Upper air and surface data have been published in earlier
reports for Jallen, Holloman, Small Missile Range, Stallion,
and Apache Sites. With acquisition of significant amounts

of additional data, these reports will be republished in a
format similar to that adopted for this data report. Reports
1 and 2 in the Atmospheric Structure series presented analyses
of surface data for "A" Station [10, 11].



1.

EXPLANATION OF TERMS

Winds Aloft or Surface Wind

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

B. Wind speeds are measured in knots (nautical miles per hour),
Resultant Wind [12, p.480)

In climatology, the resultant wind is the vectorial average of
all wind directions and speeds for a given level at a given
place for a certain period, as a month.

It is obtained by resolving each wind observation into components
from north and east, summing over the given period, obtaining the
averages, and reconverting the average components into a single
vector.,

Surface Wind Gusts

Wind gusts are characterized by sudden, intermittent increases
in speed, with at least nine knots variation between peaks and
lulls. The average time interval between peaks and lulls usually
should not exceed 20 seconds.

Standard Vector Deviation of the Wind [13, p.173, 179, 195-198]

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
2 \ 2
o =l - Yz

where,

Q
"

Standard vector deviation, knots

z
[}

Number of cases

<3
=
[']

Speed of vector mean wind

<
"

Module of the vector wind



EXPLANATION OF TERMS

4, Standard Vector Deviation of the Wind [13] (Cont)

5. Constancy (13, pp. 198-199]

Constancy is a term used to show how constant the direction of
the wind is. It is determined bv dividing the mean scalar wind
into the magnitude of the mean resultant wind.

100 VR
Q = ——— (per cent)
VS

where,

(0 = Constancy of wind direction (per cent)
VR = Module or speed of vector mean wind
VS = Speed of scalar mean wind

The constancy of a set of winds is zero when they bleow equally
frequently from all directions, with the same average speed; the
constancv is 100 when they blow from exactly the same direction,
but not necessarily all with the same speed.

6. Temperature

A,

Temperatures are reported in degrees Fahrenheit for surface
observations and in degrees Celsius for upper air (rawinsonde)
observations, .

Surface maximum and minimum temperatures are measured by
standard liquid-in-glass thermometers which are read and reset
each working day. When stations are not manned on weekends and
holidays, the extreme temperatures are obtained from calibrated
thermographs adjusted to maximum and minimum thermomcters.



EXPLANATION OF TERMS

6. Temperature (Cont)

C. Temperature Extreme. In climatology, the highest and, in
some cases, the lowest temperature observed during a given
period or during a given month or season of that period.
If this is the whole period for which observations are
available, it is the absolute extreme [12, p.216].

7. Density [14]

348,38 |—m grams/cubic meter

% x
P
Kx =K% |5 -0.37

O
]

7.5C
Cc + 237.3
e = 0,0611 £ 10
where,
Py = Density, in grams/cubic meter
p = Pressure, in millibars

Virtual temperature, in degrees Kelvin

e
>

e = Partial pressure of aqueous vapor, in millibars

C = Temperature, in degrees Celsius

K =C+ 273.16, Temperature, Absolute, in degrees Kelvin
f = Relative humidity, in per cent

8. Index of Refraction [14]

) 77.6 4830 _11 -6
n =1+ =% pte =% 77.6 10



EXPLANATION OF TERMS

Index of Refraction [14]) (Cont)

7.5C
C + 237.3

0.0611 f 10

1]
[}

where,

Index of refraction, dimensionless

=]
(]

~
]

C + 273.16, Temperature, Absolute, in degrees Kelvin
C = Temperature, in degrees Celsius

P = Pressure, in millibars

h
[}

Relative humidity, in per cent

e = Partial pressure of aqueous vapor, in millibars

Mixing Ratio [12, p.374; 15]

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

w = 0.622e X 103
p-e
where,
w = Mixing ratio, grams/kilogram
p = Pressure, in millibars
e = Partial pressure of aqdeous vapor, in millibars
e = re
where,
r = Relative humidity, in per cent

es= Saturation vapor pressure, in millibars



EXPLANATION OF TERMS

9. Mixing Ratio [12,p.374; 15] (Cont)

T T

logloeS = -7.90298[E§'- l) + 5.02808 loglo{Eé} - 1.3816 X 10-7

T
1011344 {1 - %;] - 1| +8.1328 x 1073107349149 [T_S - 1] -1 + logloews
where,
I' = Dry bulb temperature, in degrees Kelvin
TS = Steam point temperature, 373.16 degrees Kelvin
el = Saturation pressure of pure ordinary liquid water

s at steam point temperature (TS), 1013.246 miliibars
10. Precipitable Water [12, p.437; 15]
Precipitable water is defined as the total atmospheric water vapor
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 1f completely condensed and

collected in a vessel of the same unit cross section.

Mathematically,

2
AT e
g J“)p

P
where,
W = Precipitable water vapor, centimeters
w = Mixing ratio, grams/kilogram
p = Pressure, bounded by Py and Pys millibars
g = Acceleration of gravity, centimeters per sec

If g is exprcssed in cm sec-z, p in millibars, and w in g kg-l,
then W is in centimeters. With these units, the above equation may
be written as:

Py
= 0,001 dep
Py

(cm)



10.

11.

12,

13.

EXPLANATION OF TERMS

Precipitable Water [12,p.437; 15] (Cont)

To determine the precipitable water within the various layers, the
preceding equation will be numericaily integrated. Since the mixing
ratio, w, may be expressed as

0.622e
() -MEn STesmescame——

p-e
it is seen that
P2
W - 0.622 | —&— dp
(cm) j p-e
Py

-

where e and p are expressed in millibars. Note that a factor of lO3
has been introduced to compensate for units.

Relative Humidity [12, p.477]

Popularly called humidity. The (dimensionless) ratio of the actual
vapor pressure of the air to the saturation vapor pressure. The
relative humidity is usually expressed in per cent.

Precipitation

Precipitation is measured in a standard eight-inch rain gage, and
is recorded in hundredths of an inch. Less than .01 inch is re-
ported as a trace (an amount too small to measure).

Season (12, p.499]

A division of the year according to some regularly recurrent phenomena,
usually astronomical or climatic.

In middle latitudes four seasons are recognized, which for climato-
logical purposes are (Northern Hemisphere): winter - December, January
and February; spring - March, April and May; summer - June, July and
August; autumn or fall - September, October and November. The annual
course of weather does not always follow these divisions closely, but
the use of four periods of three calendar months each is so convenient
for statistical purposes that no other division has been seriously
considered.



The standard reliabilities of the instrumentation and the derived data

are as follows:

Parameter and
Instrument Tvpes

WIND VELOCITY

Rawin Sets,
AN/GMD-1A,
WBRT-47 (with-
out slant range)

Rawin Sets,
AN/GMD-2, 2A, 4
(with slant range)

Rawin using FPS-16
or similar radar

RELIABILITY OF DAla [16]

UPPER AIR

METEOROLOGICAL PARAMETERS

Range of Values
or Environemnt

Surface to 30 km alt.
(98,425 Ft) [2 minutes
or 0.6 km (1,969 Ft)
mean layer winds]

Surface to 30 xm alt.
(98,425 Ft) [2 minutes
or 0.6 km (1,969 Ft)
mean layer winds]

Surface to 30 km alt.
(98,425 Ft) [20 seconds
or 100 m, (328 Ft)

mean layer winds]

Ncte: All rawinsonde mean layer winds are
unreliable when tracking angles are
within 6 degrees of the horizon or
surface obstructions which often
occurs under strong jet stream

conditions,
DENSITY
Rawin Sets

AN/GMD-1A%, 2A*,
4* 0 WTRT-57*, etc.

*Density Computed

(15 to 1200 gm/m3)
Surface to 10 km alt.
(32,808 Ft)

10 to 30 km alt.
(32,808 to 98,425 Ft)

Data

Reliability

6 knots or

127 of vector
wind, whichever
is greater

4 knots or

107 of vector
wind, whichever
is greater

3 knots or

67 of vector
wind, whichever
is greater



RELIABILITY OF DATA [16]

UPPER AIR
METEOROLOGICAL PARAMETERS
Parameter and Range of Values Data
Instrument Types or Environment Reliability
RELATIVE HUMIDITY
Rawin Sets, (5 to 99%)
AN/GMD-1A, 2A Temperature greater
4, WBRT-57, etc. than 0°C 5%
using ML-476 Hy- Temperature 0° to
gristor or equiv. -20°C 10%
-21°C to -40°C 20%
Below -40°C unreliable
PRESSURE
Rawin Sets, 10 to 50 mb 1.07%
AN/GMD-1A, 2A%, 50 to 200 mb 0.6%
4*, WBRT-57, etc. 200 to 500 mb 0.37
greater than 500 mb 0.2%
*Pressure Computed
INDEX OF REFRACTION
Rawin Sets*, 5 to 200 N-units 1%
AN/GMD-1A, 2A, 4, 200 to 400 N-units 2.5%
WBRT-57, SMQ-1, 3
*Refractive Index Computed
TEMPERATURE
Rawin Sets, (-90°C to 60°C)
AN/GMD-1A, 2A, Surface to 20 km alt. 1°Cc*
4, WBRT-57, SMQ (65,617 Ft)
1, etc. using ML- 20 km to 30 km alt. 2.5°C*

419 element or equiv. (65,617 to 98,425 Ft)

*Root Mean Square (RMS) deviations about a mean value which can be
considered the best estimate of the measure of the quantity.



RELIABILITY OF DATA [16]

SURFACE

METEOROLOGICAL PARAMETERS

Parameter and
Instrument Types

WIND
Wind Measuring Set
AN/GMO-11

RATINFALL

Precipitation Gauges
ML-17, ML-217, etc.

TEMPERATURE

Liquid in Glass
ML-24, M1-7, etc.

Thermographs,
Bimetal & Bourdon
tube

kange of Values
or Environment

Direction 0-360 degrces
Speed 1-160 knots

0.01 to 20 inches

-90°F to + 145°F

-20°F to + 110°F

Data
Reliability

3 de .
2.0 kuots
or 3%

0.01 inches

0.5°F*

2.0°F*

*Root Mean Square (RMS) deviations about a mean value which can
be considered the best estimate of the measure of the quantity.

Manual and computer verification techniques were employed to
insure a high degree of accuracy.

10
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