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20. Abstract (Continued)

significance of the monthly models progressively decreases with altitude,
because of the small number of high-altitude measurements.

The statistical properties of w inds have been calculatFJ for alt itudes up
to 60 kin for the midseason months. Although the information used to pre-
pare these models is based primarily on observations made at Kwaj alein,
some data from other tropical locatio~is have been considered, particularly
for such items as the estimates of time and space variations.

• The Kw ajalein Missile Ran ge (KMR) Reference Atmospheres contains
information on the following parameters: temperature, pressure, density,
speed of sound, dynamic viscosity, w ind speed and direction, relative
humidity, optical and radar indices of refraction, mean molecular weight,
interlevel correlations of temperature, density, and w ind, acceleration of
gravity, and magnitudes of diurnal and semidiurnal tidal components of
temperature, density, and wind.
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• Kwa ja lein Reference Atmosp heres , 1979

1. INTRODUCTION

The Reference Atmospheres presented in this report were developed to provide
estimates of the distributions of temperature, pressure, density, and wind to alti-
tudes of 120 km at the Kwajalein Missile Range (KMR). KMR, located on the
Kwajaleln Atoll In the Marshall Islands (8°43’N and 167°44tE) , plays an important
role in the test and development of military missiles and reentry systems. De-
tailed information is required on the distribution of the thermodynamic properties
of the atmosphere and the winds at Kwajalein for planning and evaluating future
Air Force and Army programs at the range. This report updates and expands
upon information contained in two earlier reports by Salah’ and IRIG. 2

This report presents information on the diurnal and day-to-day variations of
temperature and density around their monthly means, and, in Section 8, presents
data in tabular form on the acceleration due to gravity and the thermodynamic
properties (virtual temperature, pressure, densit y, speed of sound, and dynamic
viscosity) of a mean annual and 12 mean monthly Kwajalein atmospheres.

(Rece ived for publ ication 4 October 1979)
1. Salah, J .  E. ( 1967) KwajaleIn Standard Atmo~phere, Technical Note 1967-14,

Lincoln Laboratory.
2. IRIG (1974) Kwajaleln Missile Range, Kwajalein, Marshall Islands, Reference

V Atmosphere Part I, Document 104-63 , Range Commanders Council, White
Sands Missde Range.
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Statistical properties of the w inds — including scalar wind speed distributions,
mean monthly east/west and north/south components, standard deviations of each
component around the means, and interlevel correlations — are given in Appendix A
for midseason months at altitudes up to 60 km. Matrices of the means and stand-
ard deviations of temperature and density for 2-km intervals of altitude up to
60 km, together with interlevel coefficients of correlation of temperature with
temperature and density with density, are presented in Appendix B for the mid-
season months.

Standard expre8sions for both radar and optical refractivities along with cal-
culated values are given in Appendix C. Comparisons of KMR Jimsphere, Rawin-
sonde, and ALTAIR radar wind measurements are contained In Appendix D, and
KREMS (radar wind dat a to 25 km) are presented in Appendix E.

• The basis of the tables of the thermodynamic properties of the atmosphere and
the observations used in the development of the models are discussed in Sections 2
and 3.

2. BASIC ASSUMPTIONS AND COMPUTATIONAL EQUATIONS

The annual and 12 monthly atmospheres developed for KMR are defined by
molecular-scale temperature-altitude profiles in which the vertical gradients of
molecular-scale temperature are linear wit h respect to geopotential altitude. The
numerical values for the various thermodynamic and physical constants used in the •

computations of atmospheric properties are the same as those given in the
U. S. Standard Atmosphere, 1976, except for surface conditions of temperature,
pressure, and density and the acceleration due to gravity. Humidity at altitudes
up to 10 km is included in the computations. The molecular weight of air at sea
level, 28. 9644 kg/(kmol) , is assumed constant to 85 km .

2.1 Perfec t Gas Law

It is assumed that a dry air and water vapo r mixture behaves in accordance
with the perfect gas law :

MP
, (1)

8

V3. Committee on Extension to the Standard Atmosphere (1976) U.S. Standard
Atmosphere, 1976, Government Printing Office, Washin gton , D. C.
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r

- . where p is the density of air, M is the molecular weight, P is the pressure, Is
• the universal gas constant (8.3 1432 X l0~ N . m/(kmol . K)), and T

~ 
is the virtual

temperature, as defined in Section 2.2. The assumption that the mixture behaves
as a perfect gas eliminates the necessity for considering minor deviations from
the perfect gas law such as the compressibility factor of air, which is a function
of pressure, temperature, and relative humidIty. The error in computed densities

- resulting from the assumption that air is a perfect gas may approach 0. 05 percent
below 10 km but becomes less than 0.01 percent above 20 km.

2.2 Temperature

Virtual temperature (Tv) is obtained from the empirical formula

• T 2T~ 
- 1 - 0 . 379 e/p

• where virtual temperature (Tv) is the fictitious temperature that dry air must have

at the given pressure (P) in order to have the same density (p) as a water vapor-

air mixture at that pressure (P) , temperature (T) . and vapor pressure (e) .
The molecular-scale temperature (TM

) is defined by

TM = (-~~~ ) T  (3)

where M0 is the sea-level value of the mean molecular weight of air. Above 85 km,
kinetic temperature (T) departs from TM in accordance with Eq. (3).

2.3 Gravity

• The acceleration due to gravity at sea level midway between Kwajalein Island
and Roi-Namur Island in the Kw ajalein Atoll (approximately 8°43’N, 167°44’E) Is
9. 78155 rn/ sec2. It was obtained from the following expression by Lambert
(Ref. 4) in which gravity (g

b
) varies wit h lat itude (0) :

9. 780356 (1 + 0. 0052885 sin2 0 - 0. 0000059 sin2 2 0) . (4)

The inverse-square law of gravitation was used to calculate the acceleration due
to gravity for altitudes up to 120 km. It provides the following expression for g as
a function of altitude as In the U.S. Standard Atmosphere, i976:~~

V 4. List, R.J., ed (1968) Smithsonian Meteorological Tables, Smithsonian Inst.
• Press, Wash ington, D.C.
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• g = g~ (r~~~ ~ )

2 
( )  •1where r~ is the effective earth radius at a specific latitude (~

) and Z is the geo-
metric altitude. The value of r~ is 6335967 m.

2.4 Hydrostatic Equation

The air is assumed to be in hydrostatic equilibrium and to satisfy the differen-

tial equation

dP - p g d Z  , 
(6)

which relates air pressure (P) to density (p) , acceleration of free fall (g) , and

• height (Z) . The perfect gas law relates air pressure to density and temperature,
• as shown in Eq. ( 1).

2.5 Geopotential

The relationship between geopotential altitude and geometric altitude is the -

• same as that used for the U .S.  Standard Atmosphere, l976:~~

H = 
(r~~-~~Z) 4 ‘

• where H is the geopotential altitude in geopotential meters (m ’) , and G is the un it
I- geopotential set equal to 9. 80665 m2 /(sec2 (m ’)).

2.6 Pressure

Vertical distributions of pressure were computed from appropriate tempera-
• ture-altitude profiles and associated mean monthly surface pressure, according

to the following barometric equations:

g~M0
R*L

-

~~~~~~~~

= 

(~~~~~~~~~~~~~~) 
(L � 0) (8)

V
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- g M h
= exp R*T 

° (L 0) , (9)
Mb

• 
where h H - R

b
; 

~ b is the geopotential altitude at the base of a particular layer
characterized by a specific value of L, which is the vertical gradient of molecular-
scale temperature with geopotential altitude (dTM /dh); and TMb and 

~b are the
respect ive values of temperature and pressure at altitud e (Hb). It should be noted
that for altitudes of from 10 to 85 km, T was substituted for TM ; for altitudes
below 10 km, T~ was substituted for TM.

- • 2.7 Speed of Sound
• The expression adopted for the speed of sound (C8) is :

/ YR*TM\ 
1/2

C
3 = \  M ) (10)

0

where y is the ratio of specific heat of air at constant pressure to that at constant
volume, and is taken to be 1.40 (dimensionless) . Equation (10) applies only when
the sound wave is a small perturbation on the ambient condition. The limitations
of the concept of speed of soun d due to extreme attenuation are also of concern.
The attenuation that exists at sea level for very high frequencies applies to lower
frequencies as atmospheric pressure decreases. For this reason, the concept of
speed of sound (except for frequencies approaching zero) loses its range of applic-
ability at very high altitudes. Consequently, tabular values for the speed of sound
terminate at 85 km .

2.8 Dynamic Viscoiity

The coefficient of dynamic viscosity is defined as a coefficient of internal
friction developed when gas regions move adjacent to each other at different veloc-
ities. The following expression, basically from kinetic theory but with constant s
derived empirically, is used for computation:

$T312
V T + S  ‘ 

(11)

V
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where ~ is a constant equal to 1. 58 X io 6 kg/(sec m . K
’12

) and S is
Sutherland’s constant, equal to 110. 4K. Equation (11) fails for very high and very
low temperatures and under conditions occurring at great altitudes. Consequently,
tabular values terminate at 85 km.

3. DATA

The initial sea-level pressure, the humidity distribution to 10 km, and the
temperature-altitude profile to 25 km for each atmosphere are based on surface
data and radiosonde observations that were taken twice daily at Kwajalein during
the period January 1956 through June 1970. Summaries and analyses of these data
are provided by tRIG 2 and Billions. The temperature-altitude profiles for the
annual and monthly atmospheres between 25 and 60 km are based on meteorological

• rocket network (MRN) observations 6 that were taken at Kwaj alein during the period
1969 through 1976.

The temperature profiles for altitudes between 60 and 90 km are based pri-
man ly on temperatures derived from density profiles observed at Kwajalein dur-
ing the years 1976 to 1978 with 35 ALCOR -tracked ROBIN inflatable spheres,
3 hypersonic spheres, and 3 AFGL instrumented solid spheres. 7~ 8 Densities and
temperatures derived from grenade and pressure gage observations9 taken at
Kourou (5°N) , Natal (6 oS) , and Ascension (8°S) were also exam ined to obtain esti-
mates of the magnitude of the seasonal and day-to-day variability in the tropics at
alt itudes between 60 and 90 km.

For altitudes of 90 to 120 km, the Committee for a Revised Kwajalein Refer-
ence Atmosphere agreed that the models should be based primarily on the densities
observed at Kwajalein by one hypersonic sphere and two AFGL-instrumented solid
spheres. The densities from these three observations were averaged and all of the
models were developed so that they conformed as closely as possible to the mean
density profile. The temperatures at 120 km are the same for all months, and
densities at 120 km are within a few percent of each other. If information is
needed for altitudes above 120 km, it is recommended that dat a from the summer
models in Part 6. 2 of the U. S. Standard Atmosphere Supplements, 1966 10 be used
for altitudes up to 1000 km.

The relative humidities and associated temperatures for each atmosphere are
given In Table 1 for altitudes up to 10 km. The moledular-scale temperature pro-
files are defined in Table 2 for altitudes from the surface to 120 km. To obtain •

Because of the large number of references cited above, they wil l  not be listed here. V

See References, page 69.
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kinetic temperatures (T) from the molecular-scale temperatures (TM), it is nec-
essary to know the molecular weight of air as a function of altitude. Kinetic and
molecular-scale temperatures are identical up to 85 km, since the molec’tlar

-: weight is assumed constant to that altitude. The molecular weights adopted for
the KMR atmospheres above 85 km are provided in Table 3 and Figure 1. They
are based on values given in references 3, 10, and 11. Kinetic temperatures
above 85 km may be calculated using Eq. (3) and the molecular weights listed In
Table 3.

4 Table 3. Molecular Weight s for Altitudes From
85 to 120 km

Alt itude Mean Molecular Weight
(km ) (kg/(k mol))

84 2 8. 9644
* 85 28. 96

86 2 8.95
87 28. 95
88 28. 94
89 28. 94
90 28. 93
91 28 .92
92 2 8. 89
93 28. 86
94 2 8. 82
95 28. 77
96 28. 72
97 28. 67
98 28. 62
99 2 8. 56

100 28. 49
101 28. 40
102 28.31
103 28. 22
104 2 8. 13
105 28. 04
106 27.95
107 27 .86
108 27 .77
109 27 .68
110 27 .59
111 27.51
112 27..4 2
113 27 .33
114 27. 24
115 27.15
116 27.06
117 26, 97
118 26. 88

V 119 26. 79
120 2 6. 70

11. Keneshea, T. J. , Zimmerman, S. P. , and Phllbrtck , C. R . (1979) A dynamic
model of the mesosphere and lower thermosphere, Planet. Space Sci.
27 :385-401, Pergamon Press Ltd.
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Figure 1. Molecular Weight s for Altitudes Between
80 and 120 km

Curves representing the smoothed annual variation of the mean monthly tem-
peratures of the models at altitudes of 40, 50, 60, 70, and 80 km (Figure 2) re-
flect the presence of a semiannual temperature oscillation in the upper strato-
sphere and mesosphere. This is similar to the variations found In the observed
mean monthly temperatures at Ascension (8°S) , Ft. Sherman (9°N), and Antigua
(17°N). Vertical molecular-scale temperature profiles derived from individual
ROBIN sphere measurements at KMR for altitudes between 60 and 100 km are
shown with the molecular-scale temperature profiles adopted for the April , July,
and November KMR Reference Atmospheres in Figures 3, 4, and 5, respectIvely.
The individual ROBIN sphere observations provide an indication of the magnitud e
of the day-to-day variations around the mean monthly temperatures. Part of these
variations are random measurement errors. The observed mean monthly tempera-
ture profiles and standard deviations due to day-to-day variations in the tempera -
tures that are shown In these figures for altitudes 30 to 60 km were developed from
the MRN data for Kwajaleln . The 35 temperature profiles from the ROBIN
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Figure 2. Annual Variation of Mean Monthly
Temperatures (shown by dots) for KMR Ref-
erence Atmospheres
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Figure 3. Molecular-Scale Temperature Profiles Derived From Five
ROBIN Measurements and One Hypersonic Sphere Measurement at
KMR on 5 April 1978, and the Molecular-Scale Temperature Profile

‘ I  (solid line) Adopted for the April  Reference Atmosphere
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Figure 4. Molecular-Scale Temperature Profiles Derived
From 17 ROBIN Sphere Measurements at KIvIR on 19-21
Ju ly 1978 , and the Molecular-Scale, Temperature Profile
(solid line) Adopted for the July Reference Atmosphere
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Figure 5. Molecular-Scale Temperature Profiles Derived
From Four ROBIN Sphere Measurements at KMR on
13 November 1977, and the Molecular-Scale Temperature
Profile (solid line) for the November Reference Atmosphere
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V observations considered in the preparation of the models above 60 km are plotted
in Figure 6 around the molecular-scale temperature profile of the mean annual

model for KMR .

120 I 4
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KMR MEAN ANNUAL
REF ER ENCE ATMOSPHERE

-, 90
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— 80 
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115
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40 - -
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MOLECULAR-SCALE TEMPERATURE (K)

Figure 6. Molecular-Scale Temperature Profiles Derived
From 35 ROBIN, 2 AFGL Sphere Measurements, and I
Hypersonic Sphere Measurement at KMR , and the Molecu-
lar-Scale Temperature Profile Adopted for the Mean Annual
Reference Atmosphere for KMR

4. COMPARISON OF OBSERVED AND MODEL DENSITIES

Density profiles, computed as outlined in Section 2 from the adopted mean
monthly temperature profiles for the Kwaj alein Reference Atmospheres, a re com-
pared to the densities in the U.S. Standard Atmosphere, 1976 in Figure 7. Varia-
tions in the monthly means below 30 km are too small to show in this figure. The
observed mean monthly values of density at specific altitudes between 50 and 85 km
are shown with the models In Figure 8. Above 60 km, many of the mean monthly
values are based on only one or two observations. Densities derived from pres-
sure-gage and grenade experiments conducted at Ascension and Natal are also
included in Figure 8. The dispersion of the Ascension and Natal observations
around the Kwajaleln models Is similar to that shown by the monthly means based
on date lerived from 35 ROBIN Inflatable spheres, 3 AFGL accelerometer spheres,
and 3 hypersonic solid spheres that were launched at Kwajalein .

I L .  
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Figure 7. Density Profiles of the 12 Mean Monthly KMR Reference Atmospheres
Given as Percent Departures From the U.S. Standard Atmosphere, 1976
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Figure 8. Curves of the Annual Variations
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Individual density profiles derived from ROBIN inflatable-sphere measure-
— ments for altitudes between 60 and 100 km are compared to the mean monthly

vertical dens ity profiles for the April , July, and November reference atmospheres
in Figures 9, 10, and 11, respectively. Mean monthly density profiles and two
standard deviations based on MRN observations are shown in Figures 9 and ii
(April and November) for altitudes between 30 and 60 km. The individual ROBIN
sphere density profiles provide an indication of the magn itude of the day-to-day
variat ions around the mean monthly density profiles at altitudes between 60 and
100 km . However , the 17 ROBIN observations 8hown for July were all taken dur-
ing a 3-day period, and the 5 observations for April as well as the 4 for November
were taken within a 6-hour period on 1 day in April and I day in November. Con-
sequently, the available ROBIN data , which are lim ited in most cases to scattered
observations taken to support reentry tests, do not provide as good a basis for
estimating the overall distribution of density between 60 and 100 km as the 8 years
of routine KIvIR MRN observations do for altitudes 30 to 60 km.

Although there are relatively few density observations for altitudes above
60 km, the overall consistency of the observations with the model is acceptable.
In order to allow for a smooth transition between the different sets of experimental
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Figure 9. Density Profiles Derived From Five ROBIN
— Measurements and One Hypersonic Sphere Measurement at

• KMR on 5 April 1978, Plotted as Percent Departures From
the Densities in the KMR Reference Atmosphere for April
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Figure 11. DensIty Profiles Derived From Four ROBIN
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erence Atmosphere for November

28

~ 
.9’ 

~ 

~~~~~ •_ . __ •- - • ---- --- —— L.—



r~~~~~~~~~~~~~~~~ 
-.--. -.-—---~~~

-- , -—-~~-—~~~~~~~~~~ - 

~~~~~~~~~~ 

data near 70 km, the ROBIN sphere observations, which have some experimental
drag uncertainties in that alt itude region , were not weighted as heavily as at other
altitudes. As a result , some of the ROBIN data deviate from the model that is

— fitted to observations taken over the entire range of altitudes, surface to 120 km.
The 35 ROBIN density profiles considered in the preparation of these models are
plotted in Figure 12 as percent departure from the mean annua l KMR Reference

• Atmosphere. From this figure it is possible to obtain the range of observed
densities at all altitudes between 60 and 100 km. The portions of the profiles
that extend above 100 km are from the AFGL spheres and the hypersonic solid
spheres.
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Figure 12. Density Profiles Derived From 35 ROBIN , 2
AFGL Measurements, and 1 Hypersonic Sphere Measure-
ment , Plotted as Percent Departures From the Densities
in the Mean Annual Reference Atmosphere for KMR

5. DAY-TO-DA Y VARIABILIT Y

Sufficient radiosonde2’ ~ and MRN observations 6 are available for obtaining
reasonably accurate estimates of the standard deviations of day-to-day variations
in temperature and density aroun d their monthly and annual means (Tables 4 and 5)
for altitudes up to 60 km. The observed standard deviat ions include the
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Table 4. Standard Deviations of the Observed Day-to-Day Variations in
Density Around the Mean Monthly and Mean Annual Values at Kw ajalein

Alt itude Jan Apr July Oct Annual
(km) SD of Density (To of monthly mean) (% of annual mean)

0 0. 42 0.42 0. 53 0. 52 0. 60
2 0. 52 0.36 0.35 0. 33 0. 51
4 0. 40 0.33 0.32 0. 29 0.48
6 0.45 0.35 0.34 0.31 0.51
8 0.45 0.41 0.39 0.34 0. 52

10 0. 42 0.39 0.39 0. 45 0. 52
12 0.37 0.41 0.37 - 0. 43 0. 57
14 0.46 0. 55 0. 59 0. 59 0. 70
16 1.2 0. 92 1.2 1. 2 1.4
18 2 .5  1. 7 1.5 1.7 2.8
20 1.5 1.4 1. 3 1.3 1.4

25 1.4 1.4 1.2 1.3 1.5
30 1.5 1.6 1.4 1.5 1.8
35 1.7 1.4 1.5 1.7 2.8

4 40 2.0 2.4 2.0 2 .2  3.0
45 2. 3 2.0 3.0 2 .6  3.2
50 2 .8  2 .5  3.4 2 .6  3.9
55 3, 3 2.3 3.6 3.5 4.8
60 3 .7  2 .7  4.3 3.5 5.2

Table 5. Standard Deviations of the Observed Day-to-Day Variations in
Temperature (K) Around the Mean Monthly and Mean Annual Values at
Kw ajalein

Jan Apr July Oct
Altitude SD of Temperature Annual

(km ) (K around monthly mean) (K around annual mean)

Surface 1.1 1.2 1.5 1.5 1.4
2 1.7 1.1 1. 0 1.0 1.2
4 1.3 1.1 1.0 1.0 1.2
6 1. 3 1.0 1. 0 1. 0 1.2
8 1.4 1.3 1.1 1.1 1. 3

10 1.6 1.3 1.3 1.4 1.5
12 1. 7 1.4 1.4 1.5 1.6
14 1.8 1.7 1,5 1.5 1.7
16 1.7 1.6 1,5 1.8 1.9
18 3.5 2.4 2. 2 2 .4  4 .6
20 2 .2  2.1 2. 1 2 .8  2 .9

25 3.0 2.8 2 .1 2 .7  2 ,6
30 3.0 3.2 3 .5 3.0 2 .7
35 3.6 3.3 4. 1 3 .7  4 .0
40 4.2 3.9 3 .4 3.5 5.4
45 4 .5  3.7 4 .4 4.3 5.4
50 6.4 3.7 4 .9  4.4 5.3
55 4.3 4.3 6. 7 4.1 6.0
60 5.8 6.9 6. 1 6.1 7.3
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• root-mean-square (rms) instrumentation errors (O E) as well as the climatic vari-
ations (aA ). Consequently, the observed rms variations (cz~~)  are somewhat larger
than the actual climatic variations , as can be seen from Eq. ( 12) in which inde-
pendence is assumed:

= ~~
1 a~~ +4 . (12)

The monthly temperature and density distributions in the tropics are nearly nor-
mal at the alt itudes shown in the tables. Consequently, a reasonably accurate
estimate of the distributions of temperature and density can be obtained from the
standard deviations given in Tables 4 and 5.

The number of available observations decreases rapidl y with alt itude above
60 km. As a result, there are insufficient observat ions between 60 and 120 km at
most tropical locations on which to base standard deviations of the day-to-day
variations in density and temperature around monthly means. Consequently, a
mean annual density profile and standard deviations of density due to day-to-day
variations around the annual mean values at Kwajalein are given in Figure 13 for
altitudes up to 90 km. The large variation in the magnitude of the standard devia-
tion near 15 and 18 km coincides with  the height of the tropopause. It is believed
that day-to-day variations in its height account for the relatively large variability
in density at these levels. The standard deviations of density f o r  altitudes above
60 km are based on the 35 ROBIN sphere observations that were all weighted equally
z.~igardless of t ime ef year .

Standard deviations of the day-to-day -variations of density around the annual
means for altitudes above 50 kin at KMR are given in Table 6 along w ith values
for Ascension/Natal. The Ascension/Natal values are based on 33 grenade and
pressure-gage measL4 ements scattered unevenly over an 11 month period , with
8 the largest number obtained in a single month. At Kwajalein , standard deviations
of density around the annual mean for altitudes above 60 km were computed from
the 35 ROBIN observations that were scattered over 6 months.

In Table 7, standard deviations of density are given for Kourou and Kwajalein
around 3-day means for altitudes between 60 and 90 km. The values for Kourou
are based on 13 grenade observations taken at nearly equally spaced time intervals
during the period 19 to 22 September 1971. The standard deviations of density
given for Kwajalein are based on 17 ROBIN observations taken at nearly equally

• spaced intervals of time during the period 19 to 21 July 1978. Consequently,
diurnal variability is included in both sets of data.
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Table 6. Standard Deviations of the Observed Day-to-Day Variations of
Density Around the Annual Means at Altitudes of 60 to 90 km

Ascension/Natal Kwajaleln
Altitude Ann . Dei~sity Ann . Density

(km) (kg/rn ) SD (To) No. Obs. (kg/m 3) SD (To) No. Obs.

60 3.24-4 4.8 33 3.18-4 3.6 35

65 1, 72—4 4. 7 33 1.76—4 3.7 35

70 8. 74-5 6.4 32 9.25-5 4. 1 35

75 4. 10—5 8.6 31 4.28—5 7.1 35

80 1.78—5 7.8 30 1.82—5 7. 1 35

85 7. 72—6 10. 2 30 7. 87-6 7.7 35

90 3 .45 — 6 12.3 29 3 .31—6 10. 1 30

Table 7. Standard Deviations of Density Around 3-Day Means From a
Series of Density Measurements at Kourou (5°N) on 19-22 September
1976 and at Kw ajalein (9°N) on 19-21 July 1978

Altitude Kourou Kwajalein
(km) SD (To) No. Obs. SD (To) No. Obs.

60 2 .7  13 3.5 17

65 2 .2  13 2 .9  17

70 3.3 13 3.9 17

7 5 5 5  13 3 .9 17

80 8.8 13 4 .7  17

85 10. 5 12 6.0 17

90 8,5 12 9.0 17
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6. DIURNAL VARiABILITY

6.1 Surface to 60 km

Studies based on radiosonde observations taken at KIvIR 12 have shown that
there are no significant diurnal variations in density for altitudes up to 30 km.
Howeve r, an analysis of observations ’3 obtained from a diurnal experiment

12. Crowley, J. D ., and Sandlin , J. B. (1964) A Summary of Kwajalein Atoll Upper
Atmosphere Measurements and Techn iques, MIT Lincoln Laboratory
Project Report No. PPP-17 (Project Press).

13 . Cole , A. E. , and Kantor , A.J .  (1975) Tropical Atmospheres, 0 to 90 km,
AFCRL-TR-75-0527 , AD A0 19 940.
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conducted at Ascension, in which 24 meteorological rockets were launched within
a 48-hour period, indicates that the range of the combined diurnal and sem id iurnal
oscillations in density increases from roughly 1 percent at 30 km to 7 or 8 percent
of the daily mean at 50 km. Similar amplitudes were found in an analysis 14 of
density data derived from 13 grenade soundings at Kourou from 19 to 22 September
1971. The phase (time of occurrence of maximum amplitude) at 50 km, however,
was 3 hours earlier than that obta ined from the Ascension density data.

6.2 Sixty to 90 kin

Seventeen high-altitude ROBIN spheres, launched w ithin 48 hours on 19 to 21
July 1978 at KMR , provided data for analysis of diurnal and semidiurnal variations
of density, temperature, and wind at alt itudes from 60 to 90 km. Most of the
ROBIN inflatable spheres were tracked by the ALCOR radar , and densities, tem-
peratures, and winds were calculated using thç latest ROBIN 1977 computer reduc-
t ion program.

Observations at various alt itudes between 60 and 90 km were subjected to
harmonic analysis for both diurnal and semidiurnal cycles. The analysis, which
smoothed the data, gave regression equations of the form

= V+A 1 sin 
(~~~~

+ Ø 24) + A 2 sj n 
(
~~~t +~~~~

) , (13)

where is the value of the parameter at time (t), V is the average of the series,
t is the time in hours, and 0 is the phase angle. The results of this analysis
(Figures 14 and 15) show the amplitudes of the diurnal cycles of temperature,
density, and wind as a function of alt itude. The amplitude of the diumnnl density
oscillation generally increases in size with altitud e, showing a maximum of about
3 percent at 80 to 85 km. The amplitude of the diurnal temperature oscillation is
less than 4K up to at least 75 km, but it increases rapidly above 75 kin to 10K near
90 km. The amplitude of the east/west wind varies from 4 to 7 meters per second
(mps) between 60 and 85 kin, and increases markedly at 90 km. The amplitudes of
the north/south winds display a similar pattern, w ith the largest amplitudes occur-
ring above 80 km. The amplitudes of the semidlurnal oscillat ion are generally
smaller than those of the diurnal oscillation for each of the parameters.

The amplitudes and phases of the diurnal and semidiurnal tides are listed
separately In Table 8 for 10-km-altitude Increments, along with the percent reduc-
t ion in variance that can be attributed to these tides. These percentages show that ‘

diurnal and semidiu rnal tides account for less than half of the observed variance
14. Kantor, A.J . , and Cole, A.E. (1979) Time and Space Variation of Dens ity

in the Tropics, AFGL-TR-79-0109, ADA O74 472.
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4 - Table 8. Phases and Amplitudes of Diurnal and Semidiurnal Tides Between
60 and 90 km for Density, Temperature, and Wind

Altitude Diurnal Semidlurnal Redt cttort in

(kin) Amp ~%) Phase (LST) Amp (To) Phase (LST) (To)

DENSITY (To)

60 0. 3  20. 0 1. 8 5. 8 29

70 2 . 7  17. 7 1 . 2  2. 6 65

80 3.0 - 16. 7 1 . 7  3 . 0  55

90 2.7 9.5 2.6  3.9 17

Altitude Diurnal Semidturnal Reduction In

(kin) Amp (°K) Phase (LST~ Amp (°K) Phase (LST) (%)

TEMPERATURE (°K)

60 2 . 9  15. 3 3 . 2  1.0 41

70 1 .8  10. 1 0 . 9  1.7  18

80 4.5 4.7 1.2 2.7 26
90 10. 9 2 . 9  8 . 0  2 .3  54

Diurnal Semidiurnal Reduction in
Altitude Amp Amp Variance

(kin) (rn/see) Phase (LST) (rn/nec) Phase (LST) (To)

ZONAL WIND (M/SEC)

60 7 . 4  17. 4 0 . 2  5 . 0  41

70 3.7 0.6 4.3 9.9 29
80 4.7 19. 1 2.7 10. 1 15
90 17, 2 4.9 5.5 7 .7 28

Diurnal Semidiurnal Reduction in
Altitude Amp Amp Variance

(km) (rn/see) Phase (LST) (rn/see) Phase (LST) (To)

V 
MERIDIONA L WIND (M/SEC)

60 1.0 8.2 2.0 10. 0 2
70 3 . 8  10. 8 4 . 0  8. 7  20

80 7.5 18.3 2 .6  8,5 10
90 11. 1 15. 2 9.2 1.5 39
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Figure 14. Amplitude of the Diurnal Oscillations in Density, Temperature,
and Wind at Altitudes of 60 to 90 km

at most altitudes between 60 and 90 km. This indicates that other phenomena such
as turbulence, gravity waves, and observational errors must contribute a major
portion of the observed variations.

The amplitudes of the observed diurnal and semidlurnal tides between 60 and
90 km are in rough agreement with Li.ndzen’s theoret ical models, 15 but the phases
are considerably different. U

15. Lindzen, R. S. (1967) Thermally driven diurnal tides In the atmosphere,
Quart. J. Roy. Meteorol. Soc. 93:18-42.
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Figure 15. Amplitude of the Semidiurnal Oscillations in Dens ity,
Temperature, and Wind at Altitudes of 60 to 90 km

6.3 Magnitude of Density Vanaliona

Table 9 shows the combined magn itude of the diurnal and semldturnal dens ity
tides for alt itudes from 30 to 90 km. The two sets of values, determined using
two diffe rent sensors at different tropical locations, are consistent throughout and

— are in good agreement at the overlapping altitude, 60 km.
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Table 9. Range of the Combined Diurnal and Semidiurnal Density
Tides Observed Between 30 and 90 kin

Altitude Ascension/Kourou Kwajaletn
(kin) Density %) Density %)

30 <2

40 2
50 7,5
60 6 4
70 7.5 7
80 8
90 8 . 5

7. SPACE AND TIME VARIATI ONS

Estimates’4 of the spat ial variability of density between two points at the
same altitude, but separated by horizontal distances of up to 200 nautical miles
(370 kin), are given in Table 10 for altitudes up to 60 kin in tropical locations.

The rms density differences were found to range from about 0. 1 to 0. 2 percent
near the surface to 1. 0 to 2. 0 percent at 60 km for horizontal distances of from
50 to 200 nautical miles.

Variations of density, temperature, and wind with time at altitudes of 60 to
90 km have been estimated from the KMR high-alt itude ROBIN flights of July 1978,
as described in the previous section. The rms values for time lags of 1 to 6 hours
are listed in Table 11 for 10-km-altitude intervals and are shown in Figure 16 for

all altitudes between 60 and 90 km. The rms density variations with time generally
increase with altitude, whereas the rms temperature differences appear to be
smallest near 70 km. The variations in the first hour are relat ively large, since
the rrns observation errors (shown for density in Figure 16) account for most of
the observed 1-hour variability.

Estimated rms variations of density for time lags 1, 2, 4, and 6 hours are
also shown in Table 11 for alt itudes of 10 to 60 km. Although values from 30 to
60 km are from MRN observations taken at Ascension, the two sets of densities
are consistent for all time lags and are in good agreement at the 60-km overlap.

The estimated rms observational errors for density (the first column of
Table 11) are based on a graphical analysis ’3 of the time variations of density
shown in Table 11 and the assumpt ion that at time zero the m s  variability should
be zero. The extrapolated m s  variability at zero lag was considered to be the
observational error.
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Table 10. Estimated rms Differences (percent of mean) Between Densities at
Locations 50, 100, and 200 Nautical Miles Apart During the Midseason
Months

-~ V

January April July October
Altitude 50 100 200 50 100 200 50 100 200 50 100 200

(km ) (n miles) (n miles) (n miles) (n miles)

10 0. 10 0. 13 0.18 0. 10 0. 13 0. 18 0. 10 0. 13 0. 18 0. 10 0. 13 0. 18

15 0. 13 0. 17 0, 25 0.11 0. 14 0.21 0. 16 0. 20 0.30 0. 16 0. 20 0.30

18 0. 50 0.61 1.00 0. 34 0. 42 0. 68 0.30 0.37 0. 60 0.34 0. 42 0. 68

20 0.28 0. 34 0. 56 0. 28 0.34 0, 56 0. 24 0. 29 0. 48 0. 24 0. 29 0. 48

25 0.28 0.34 0. 56 0. 28 0.34 0. 56 0.24 0. 29 0.48 0. 26 0.32 0. 52

30 0.30 0. 37 0.60 0.30 0.37 0. 60 0. 28 0.34 0. 56 0.30 0.37 0. 60

35 0. 34 0. 42 0. 68 0.30 0.37 0. 60 0. 30 0.37 0. 60 0.36 0. 44 0.72

40 0. 40 0. 49 0.80 0. 44 0. 54 0. 88 0. 48 0. 59 0. 96 0.44 0. 54 0.88
45 0. 46 0. 56 0. 92 0. 40 0.49 0. 80 0. 60 0. 73 1.20 0. 52 0. 64 1.04

50 0. 56 0. 69 1. 12 0. 54 0. 66 1.08 0. 72 0. 88 1.44 0. 54 0. 66 1.08

55 0. 66 0. 81 1.32 0. 56 0. 69 1. 12 0. 84 1.03 1. 68 0.78 0. 96 1.56

60 0. 84 1.03 1.88 0. 66 0. 81 1.32 1.00 1.22 2.00 0. 82 1. 00 1.64

I
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Figure 16. The m s  Variations in Density, Temperature, and Wind for Time
Lags of 1 to 6 Hours
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Table 11. The m s  Variations in Density, Temperature, and Wind With Time.
Density values for altitudes 30 to 60 km are based on MEN observations at
Ascension

U

Alt itude Est rms Time (hrs)
(kin) Obs Error 1 2 3 4 5 6

DENSITY (To)

10 0 . 2  0 . 2  0 . 2  <1.0  <1 .0
20 0.3 0.6 0.8 1.0 1.2
30 0.5 0.7 1.0 1.4 1.8
40 1.0 1.1 1.2 1.6 2.0
50 1 . 6  1.7 1 .8  3 . 0  4 .4
60 1. 9/ 2 . 0  2. 0/ 2 . 5  2 . 2 / 2 .a  3 . 2  3 . 2/ 3 . 5  3 . 8  4 . 0/ 4 . 1
70 2 . 7  3 . 2  3 . 4  3 . 6  3 . 9  4 . 1  4 . 3
80 1.5 2. 2 2.8 3.3 3.9 4.4 5.0
90 3.5 4 .6  5.6 6.5 7.5 8.4 9 .4

Alt itude Time (hrs)
(km) 1 2 3 4 5 6

TEMPERATURE (°K)

60 5.3 6,0 6.7 7 .4 8.1 8.8
70 4.3 4 ,6  4.8 5.1 5.4 5.7
80 4, 9 5.6 6.3 7.1 7.8 8.5
90 6. 9 9.1 11.2 13.4 15. 5 17.7

Alt itude - 
Time (hrs)

( km) 1 2 3 4 5 6

ZONA L WIND (m/sec)

60 4.1 5.4 6.7 7.9 9.2 10.5
70 9.8 10. 7 11.6 12.5 13.4 14,3
80 6.9 8. 6 10. 2 11.9 13.5 15. 1
90 11.6 15. 4 19.2 23.0 26 .7 30. 5

Altitude Time (hrs)
(kin) 1 2 3 4 5 6

MERIDIONA L WIND (m/sec)

60 6.8 7.7 8.6 9.6  10.5 11.5
70 9.9 11.0 12 .1 13.2 14.3 15.4
80 9.2 10. 7 12.2  13.7 15. 2 16. 6
90 23.6 25. 0 26, 4 27.7 29 . 1 30. 5
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8. TABLES OF THE MONTHLY AND ANNUAL KWAJALEIN
REFERENCE ATMOSPHERES

Temperature, * pressure, density, acceleration of gravity, sound speed and
dynamic viscosity in Table 12 are given in metric units for altitudes up to 120 km.
The single-digit numbers, preceded by a plus or minus sign, following the initial
entry of each block indicates the power often by which that entry and each succeed-
ing entry of that block should be multiplied. A change of power occurring within a
block is indicated by a similar notation.

*Temperatures given for altitudes up to 10 km are mean virtual temperatures;
the remainder are molecular-scale, temperatures. Molecular-scale temperatures
and relat ive humidities for altitudes between the surface and 10 km are given in
Table 1, which was discussed in Section 3.
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres

JAN REF~~~NCE ATMOSPHERE KW*JAI. EIN
A~CEL 09 SOUNC OTNANI C• A LTTTUOE TENPER A TURF PRES9JRE DENSITY ro GRAVI 7 SPEED VISCOSIT’i

KM DEG K NB KG/M~~3 PI/SEC” 2 H/SEC N SEC/N~~ 2
0.006 383.36 ~ 1.1595 • 0 9.7816 349.1? 1.6620 — S
1.080 254.65 6 • 2 1.0646 9.7785 344 .23 1.8215

1 9 .7754?~ ‘34 9:!~fl 
- 

9.7723 ~~~ 1:~7fl.3.~ sI g
4 .000 279.90 6.3 176 7.8634 9.7692 335.36 1.7493

274. 0 4 5.5373 7.1036 9 .76~~1 331.64 1.7203
261. 0~~ 4 233 6 . 4 0 42

~ .000 262.16 4:~3so 5.76 0! ~:~ o3 1~-~:U ~~~8.000 255.11 3.6011 5.1906 9.7565 320.19 1.6213
9.000 246 .02 3 .3207 4 .6642 9.7538 315.71 1.5889

10.000 240.94 2.6899 • 2 4.1763 — 1 9.7507 311.1? 1.5520 — 5
11.000 233.03 2.5040 3.7434 9.7477 306.02 1.5102
12.10 11 225.06 2.1590 1.3417 9.7446 30~~.75 1.4675

9.74’! 295 .40 1.424213.C08 217.13 1 6517
14.000 209.18 1:5792 ~~~ 9 .7 3~~5 289.94 1.3803
15.000 201.24 1.3386 2.317 2 9.7’!4 264 .36 1.3356

1.1260 2.0137 9.?~ 23 26~~.04 1.3006

:*fl2 ~ ~~~ ~~:U f:~S8~
17 .000
16.000
19.000 197.79 6.6664 1.1745 9.7231 261.93 1.3159

20.000 

~U:~
5 5.6255 + I 9.702.4 — 2 :~~H il~:~ 

1.3407 - 5
1. 365321.000 4.7696 6.0434

22.006 210.63 4.0557 6 .7003 291.11 1.3897
23.000 214.33 3.4597 5.6233 9.7109 29’ .49 1.4086
24 .800 216.21 2.9567 4 .7635 9.7075 29’ .?? 1.4192
25.000 216.09 2.5303 4.0416 9.fl4t 296.05 1.4295
26. fl OO 219.97 2.1684 3.434 2 ‘,7016 29’.32 1.4398
27.10 271.85 1.8609 2.9221 9 . 6 58 7  298 .59 1.4501

72~.?3 j . 5C9j  ‘.4699 9 .6 557  295 .65 1.460~22~ .61 1.3155 2.1245 9 .6526 301.11 1.4704
30.~~00 227.49 1.1054 4 1 1.6153 — 2 9.6696 302.36 1.4805 — 5

6 1.5531 9.6665 30’ .60 1.4906H:~S~ ~il:~~ ~:Hh • 0 1.3306 9.6035 334.04 1.5007
33 .000 233.26 7.638 0 1.1407 9.6604 306.17 1.5114
34.0 00 235.73 6.6151 9.7759 — 3 9.6174 337.79 1.5245
35.000 231.20 5.7379 8.3915 9.6744 30 Q .39 1.5376
36.000 240.66 4.9646 7.2154 9.6713 110.99 1
37.000 243.~~3 4 .3366 6.2138 9.6683 312.58

3.7763 5.3595 9.6653 31446 1.5763
~ ~:~U ~~~~~~~ 3.2 566 4 .6297 q .66 22 3 15.v 3  1.5091
4 0 . 0 0 0  256 .52 2 .6 8 0 3  + 0 4 .0053 — 1 9 .6592  317.30 1.6018 — 5
41.006 252.98 2 .5200 1.47 01 9.6562 310.65 1.6145

~!:~8~ ~ :fl 2.2077 
~~~~~ ~:~~ 1 320.40

121.94 1.1.9366
44.000 260. 36 1.7010 2.2760 9 .64 71  323.47  1.6521
4 5 . 0 0 0  2*2 .62 1.4960 1.9629 9.6441 324 .99 1.6645
46 .000  265.26 1.3173 

~:flJ ~~~ ~~~ 1:~~47.005 267.74 1.1613
48.000 270.15 1.0250 1.3218 9.6350 329.45 1.7012
49 .000 270.15 9 .0 5 2 9  — 1 1.1674 9.6320  325.49 1.7012

50 .000 276.15 7.9951 — 1 1.0311 — 1 9 . 6 250  325 .49 1.7012 — S
270.15 7 .0 6 2 2  9.I

~~f l 
— 4 9 .6260 329.~~9 1.7012

260. 99 6.~~372 .0 9.6229 320. 1.6954
9.1952 9.6199 7“ °‘° ft~:~~ ~~~ 6.40 24 9.6169 qs :~ 6 1:U~54.000

55.000 261.34 4 .2*9 1 5.6907 9.6139 hi 1.6570
56.000 253.30 3.7533 5.0524 9.6105 0 1.6441

9.6079U:il$ ~~:U ~:ilH 9.6049 4fI !~ 1:21H
39 .000 250.69 2.5309 1.5170 9.6015 317.41 1.6027
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Table 12. Tables of the Monthly and Annual Kw ajalein Reference Atmospheres
(Cant. )

JAN REFERE NCE ATMOSPHERE KIIA JALEIN

ACCEL DUE SOUN C DYNAMIC
ALTITUDE TEP’PER*TURE PRESSURE DENSITY TO GR A V ITY S~ EE O VISCCSIIV

KM DEC K NO KG/N”1 H/SEC’~ 2 N/SEC N SEC/M ~~~2

60. C00 247.95 2.2132 — 1 1.1095 — 4 9.5989 315.67 1.5885 —245.23 1.9326 2.7455 9.5959 313.92 1.5743
242.4 1.6650 2.420C 9.5929 312.16 1.5600

63.000 239.73 1.4669 2.1311 9.5659 310.39 1.5457
64.000 237.00 1.275 1 1.8144 9.5669 306.61 1.5312
65 .000 234.26 1.1066 1.6457 9.5639 306 .83 1,5167
66.000 23j .fl 9.5186 — 2 1.4423 9.5809 335.0! 1.502267.000 22 -~ .2944 1.2631 9 .5779 33~~.21 1.4674
68.000 225:33 ..112 1 1.1043 9.5749 301.26 1.4716
69 .000 222 .90 6.172C 9.6473 — 5 9.5719 295.30 1.4558
73 .0 00  219.96 5.3100 — 2 3 .4093 — 5 9 .566 C 297. 33 1.4398 - S71.000 217.05 4 .558! ‘.3170 9.5E6~ 295 .34 1.423 0
12.000 214.13 3.9060 6.3546 9.5630 295.35 1.4077
7’.000 211.99 3.

~~~
7 S

74.000 209.64 2 ~ ‘.:~~~~ ~~~ ~~~ 1:~~75 .000  207.70 2:4323 4 .0797  9 .5540 282 .91 1.3720
76.000 205.55 2
77.000 203.41 :9~~ 

9.5510 287.41 1.3600
9.5461 285,91 1.3475

70.000 2Ij.2~ 1.4925 2.5341j 9.5451 284.40 1.3358
79.000 199.13 1.2645 2.2121 9.542 1 282 .89 1.3236
60 . 0 0 0  197.65 1.0692 — 2 1.8846 — 5 9.5351 281.33 1.3152 — S
62.000 197.65 9.0378 — 3 1.5930 9.5362 201.63 1.3152
62 .000 197.65 7.6397 1.346 ! 9 .533 2  261.83 1.3152
33.008 197.65 6.4563 1.1363 9.5302 261.03 1.3152
64.000 197.65 5.45~ 8 9.6232 — 6 9.5273 231.63 1.315205.00 0 157.65 4.61,9 8.1356 9.524 3 281.83 1.3152
86.100 196. 39 3.9014 6.9205 9.521!
07 .000 194.45 3 .2c24 5.8986 9.5184
88.000 192.51 2.7739 5.0198 9.515’.
89.000 190.57 2 .3331 4.2651 9.512’.
90.000 188.63 1.959 0 — 3 3.6181 — 6 9.5095
91.000 166.69 1.64 20 3.0642 9.5065
02 . roo  104.75 1.3739 2.5907 9 .503 6
93 .000 162.81 1.1474 2.1866 9 .5 0 0 1
94.100 131.65 9.5667 — 4 1.8347 9 .4976
95.000 181.65 7.9738 1.5297
96.000 101.65 6.6466 1.2747 4917
91.006 181.65 5.5406 1.0621
58.000 181.65 4.6189 8.8561 — 7 9.4855
99.000 131.65 3.8507 7.3849 9,4~ 29
.00.000 181.65 3.2105 — I. 6.1571 — 7 9~~475 C
101.000 181.65 2.6769 5.133, 9.4770
102.000 181.99 2.2321 ~~~~~~ 9.4741
t03.eOO 184.60 1.6644 3 9.4711
104.000 187.21 1.5612 2:9052 9.4682
105.000 189.81 1.3il6 2.4054 9.4652
106.000 192.42 0 1.9969 9.412!
107.000 195.02 ~:~ o41 — 0 1.6620 9.4594
100 .000 200 .00 7.5987 1.3225 9.4504
109.000 221.50 6.7752 1.0651 9.4535
.10.~ 8I 234.99 5.8647 — 5 6 .6942 — 0 9.4506

240 .43 5.1179 7.1752 9 .4471
0 261.97 4 .4 567  5.~~824 9 .4447

113:000 275.45
114.000 288.93 4 3~ 8
115.000 302.40 3.1694 3.6512 9.4359
116.000 315.87 2.8497 3.1429 9 .433 0
117.000 

~7:fl ~~~~ 
~~~~~ 4 �71118. 0 0 0 1  4

119.000 p42.69 2.1135 ~:i53E 9 .4242
120.000 347.49 1.9263 — 5 1.9311 — 0 9.421!
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont. )

FEB REFE RENCE ATMOSPHERE KIIA JALE IN
ACCEL DUE SOUND O~NA N IC

ALTITUDE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY
KM DEC K NO KG/M U3 M/SEC” 2 NFSEC N

0.0~~ 3~3.34 j.Q~~6 + 3 j.45~ 4 • 0 9.lfl F ~4O45 1.863,8 — 5
1.Ouu 2,4.36 ,.uuo3 + 2 i.v6,ls ,.7,cS ,44.u6 1.02u2

~:~8 flJ~~ 9 3 ~ ~:Ufl - 

~~~ 1fl:~ 1:fl~4 .000 279.79 6.3130 7.8628 9.7692 ~3!.3~ 1.7480
0.000 270.10 5 .5*4 8  7.0902 9.7661 .i31.6i 1.7206

~~~ ~t :~ ~~~~ *:~~I I :# ~ 1:t~~8.000 255 .42 3 .8005  5.1834 9.7569 320.39 1.6270
5.000 248.43 3.3209 4.6567 9.7538 315.97 1.5910

10.000 241.44 2.3907 + 2 4.1710 — 1 9.7507 311.49 1.5546 — 5
21.000 233.43 2.3054 3.7391 9.7477 306.28 1.5123
12.000 225.38 2.1107 3.3390 9. 446 300. 96 1.4692
13.00! ~3,7.~~3 1.853! ~.9713, 9.ç~~1S ~~~~~~~ ~~~~~~14.COu ~u9.~~9 1.5809 ~.D 3L~ 9.7~~5 ~j 0. 1 i.iou9
15.000 201.25 1.3401 2.3193 9. 7354 284 .39 1.3356
11.000 195.14 1.1293 2.0160 9.7323 280. 54 1.3008
17.011 191.65 9 .4700 + 1 1.721! 9.7293 277.52 1.2807
18.080 193.46 7.9385 1.4295 9.7262 278 .83 1.2912
i9.~~00 197.93 6.6766 1.1751 9 .7232 202.03 1.3167
20.000 202.39 S.637 2 • 1 9.1034 — 2 9.7201 285.19 1.3421 — 5
21.000 206.85 4.7713 8.0463 9.7170 286 .32 1.3672
22.000 211.30 4.063! 6.6993 9.7140 291.41 1.3921
23.000 214.90 3.4616 5.62t-2 9.7109 293.83 1.4120
24.000 216.98 2.9645 4.7601 9.7079 295.30 1.4234
25.000 219.06 2.5389 4.0376 9.7048 296.71 1.4348-
26 .000 221.14 2.1774 3.4302 9.7010 290.11 1.4462
27.000 223.21 1.8702 2.9188 9.696? 299.51 1.4575
28.000 225.29 1.6087 2.4875 9.6957 300.90 1.4687
29.000 227.37 1.3157 2.1231 9.6926 332.28 1.4199

30.000 229.44 1.1953 • 1 1.8146 — 2 9.6896 303.66 1.4910 — 5
31.000 231.52 1.0325 1.5536 9.6365 305.03 1.5
32.000 233.59 8.9303 + 0 1.3318 9.6835 306.39 1.5
33 .000 235.84 1.7346 1.1475 9.6804 301.56 1.525
34.000 238.60 6.7fl98 9.7961 — 3 9.6774 309.66 1.539
35 .000 241.36 5.8~ 0! 8.4154 9.6 744 311.44 1.5542
36 .000 21.4.12 5.0 48 7.2413 9.67 13 313.22 1.568?
37.000 246.88 4.4241 6.242? 9.608! 314.99 1.5830
38.000 249.64 3.8629 5.3905 9.6653 316.74 1.5973
39.000 252.40 3.3781 4.6624 9.6622 310.49 1.6115

40.000 235.16 2.958 5 + 0 4 .0392 — 3 9.6592 320.22 1.625* — 5
41.000 257.92 2.5’49 3.5049 9.6562 321.95 1.6397
42.000 260.66 2.2792 1.0460 9.6531 323.67 1.6537
43.000 263.35 2.0048 2.6520 9.6501 325.32 1.6672
44.000 265.32 1.7654 2.3180 9 .6472  326.53 1.6171
45.000 287.29 1.5561 2.0282 9.6441 327.74 1.606
46. 0~~ ~~~~~~ 1.~7~ Q ~~~~~~ ~~~~~~ 32e .~~ 149
47.Ouu ~r 3 •j ~ ~~~~~~~ ~~~~~ ~~~~~~ llO.j

~ 
1.’~40 .000 271.15 1.0713 1.3764 9.635 330. u 1.7 6

49.000 271.15 9.466 1 — 1 1.2162 9.6326 330.10 1.1062

55 .000 271.1! 3 .3*44 — 1 1.0746 — 3 9.6290 330.10 1.7062 — 5
51.05 170.13 7. ’ 0’. 9.5309 — 4 9.6 60 329.43 1.7
52.G0~ 261.97 6,~~~45 8.4820 9•317C 328.1* 1.
53.000 265.61 5. 345 7.5417 9.619 326.84 1.
54.086 263.66 3.07 3 .6994 ~~~~~~~~~ 323.51 1.6 7
55.000 261.55 lh.46h Lg4si ~~~~ 324. i 

~~ 
•

~~~~~~~~59.000 250.39 2.6472 l.~ P% 9.~ 01 317.33 1.6~37
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Table 12. Tables of the Monthly and Annual Kwajaletn Reference Atmospheres
(Cont.)

FEB REFERENCE ATMOSPHERE KW A J A L EIN
ACCEL. DUE - SOUND DYNA NIC

ALTITUDE TEMPERATURE PRESSURE DENSITY TO GRAV ITY SPEED VISCOSiTY
H/SEC N SEC/N~~ 2KM DEC K NB68.056 286.15 2.3151 — 1 3.2501 — 4 9.5969 3-15.19 1.5896 — 5

61.066 245.43 2.02 16 2.3700 9.599 314.03 1.5754

~~~ ~~~:*3 1:~~ 
2.5309 ~~ 3t2.2~ 1. 6132.2288 3I0.5~64 .000 237. 20 1.3345 1.9595 9:sJc 308.74

65 .80 5 234 .46 1.1583 1.7210 9.5639 300.96 1.5178
303.16 1.4836

66.100 p31.72 
~~~~ — 2 1:Ull ~:~I3~ 

305. 46 1.5032
67.000 

~
2e.I95 ~~~~~~~ j j~~)7 9.5144 ~~~~~~~ 1.4139

~:~fl ~~ 2 6.4660 0 9.5715 2 • 2 1.4591
70.300 220.79 5.5349 — 2 8.7505 — 5 9 ,563C 297.87 1.4443 — 5
71.000 210.06 4.1*07 7.6376 9 .5660 296.03 1.4293

6.6321 9.5630 294.17 1.414372 .006 215.33 

~~~~ 5.7869 9.5600 292.30 1.399273.080 212.60
74 .005 209.87 2.9968 4.9743 9.5510 291.41 1.3841
75.000 207.14 2.5544 4.2961 9 .5540 238 .52 1.3~ 68
16.000 204 .41 2.1730 3’7X3’. 9.55~ I ‘86.61 1.3~35

�64.70 1.338177.065 20 1 .68 1.8446 3
76 .000 29~.96 1.5824 2:33~ ~:~ s1 282.77 2.3228
79.000 196.23 1.3205 2.3842 g .5q 21 260 .62 1.3071

00.00 0 1C3.54 j .
~~

t
~

4 — 2 2 .0048 — 5 9 .5391 278.17 ~~~~~~ —
61.000 140.7~ 0 — 3 1.7102 9.5362 276 .90 1
82.006  189.76 7:6644 1.4436 9.5’32 276.1* 1.2696
83 .000 169.29 6 .6005 1.2147 ~.shz 275.61 1.2*70
04.000 186.61 5.5376 1.0218 9.527! 275.46 1.2042
0!.000 168.32 4 . 6440  6.5908 — 6 9 .5243 275.13 1.2614
86.005 137.83 3.8930 .2202 9.521!

267.35 3.2622 e.g659 9.5284
186.66 2.7325 5. 9.515’ .
186.38 2.2878 ‘i.2 - 9.5121.

96.000 10 .09 1.9148 — 3 3.5633 — 6 9.5095
91.008 il4:~3 1.6015 

~~:U~~II92.100 1,3396 9 .5036
93 .000 184.84 1.1196 2.1150 9.5006
94.0 00 113.96 9.3564 — I. 1.7719 9.4976
95 .000 163.47 1,6146 1.4638 9.4547
46.000 182.99 6.5241 1.24 20 9.4917
97.000 j~ 7•53 5.4444 1.0392 9.8808
96.000 182.02 8.5415 8.6919 — 7 9.4658
99.006 181.54 3.1867 7.2666 9.8829

161.Q5 3 .156 13 — 4 6.0125 — 7 9.4799
1S6.~~7 2.6252 5.0728 9.4116

102.003 130.53 2.1094 
~
j  ~0 9.4141

153.000 183.83 1.8263 6 9.4711
104 .0 50 166.33 1.5279 2:816 9.8601
185.011 189.22 1 2628
106.000 19~.12 1:0702 

9.40~~
167.000 i9~ .01 9.0941 — 5 1.628*
108.0 66 256.50 7.1204 1.2930 9.45*’ .109.000 221.50 6.6222 1.0415 9.8535
110.060 230.99 5.7324 — 5 6.4930 — 8 9 .4506
111.060 246.48 5 .0028 7.0133 9 .447 6

2~ 4.97 4.3972 5.6474 9 .4441Ihilt ~.1:U 1:Ufl 4.1 46 9.43E14.9
~
t3 9.44’6

115.000 302.80 3.0979 3.5666 9.4359
116.000 3 5.17 2.1654 3.0726 9.4330
117.065

4.4242
120.000 347.89 1.6328 — 5 1.8671 — 8 9.4213
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

-
- MAR PE PERENCE ATMOSPHERE KNAJA LEIN

*~CEL CUE SOUNO DYNAM IC
ALTITUDE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY

1CM DEC K NB ~~/N’~ 3 N/SEC”2 NFSEC N S!C/N”2

• 0.000 363.94 1.6107 + 3 1.1584 • 0 9.1616 549.49 1.8646 — 5
1.005 295.12 9 .0252 • 2 1.0686 9.778! 344.39 1.8226

~:&U ~fl:U ~~~ ~:flZ? - ~ ~:~~fl ~~~ 1:~~4.000 278.45 6.320* 7.9071 9.7642 334.51 1.742
5.008 211.75 5 .5051  7.15e1 9.76~ 1 330 .47 1.709
~~~~~ ~~~~~~ ~~~~~~ ~~~~~~ 

~
.76

~
1 fl 7.46 3,48, .OOu ~6a.9., 4 .3c5  ~•r~ v .76 i a~4.44 a.b6

3.0130 254.97 3.7947 5.1389 9.7569 320.10 1.624*
9.000 241.95 3 .3150 4.6575 9 .7538 31S.67 1.5885

10.000 240.94 2.8888 + 2 4.1711 — 1 9.1507 311.17 1.5520 — 5
11.000 233.03 2.8997 3.7369 9.1477 306.12 1.5102
12.000 225.03 2.155 2 3.3356 9,7440 300.75 1.8675
13.000 217.13 1.646! 2.9656 9.741 295.40 1.424
14.0013 239.13 1.5765 2.6258 9.7384 289.98 1.330
15.000 202.52 1.3365 2.2991 9.7354 285.28 1.3428
13.100 197.56 1.1261 1.9893 9.732 ! 261.77 1.3146
1’.OOO 192.59 9.8817 • 1 1.7151 9.7293 278.21 1.206

• 18.000 192.15 7.9460 1.4411 9.7262 277.69 1.283
19.000 197.52 6.6705 1.1779 9.7231 281.74 1.3144
20.000 203.47 5.6434 + 1 9.6574 — 2 9.712131 28~.95 1.3482 — S
21.000 209.81 4.1072 7.9638 9 .7276 290.10 1.3615
22 .000 212.15 4.0771 6.6960 9.7 140 291.99 1.3967
23.000 214.82 3.4795 5.6530 9.7 109 293 .55 1.4094
24.006 216.70 2.974 2 4.7813 9.7079 295.10 1.4219
25 .0 00 216.93 2.5466 4.051! ~.704’ 296.65 1.1.344
26 .000 221.25 2.1640 3.4388 9.7016 298.19 1.8466
27.000 223.53 1.3762 2.9246 9.6537 299.72 1.8592
26.099 ~7~.9Q 4 .63 ,4~ ~.490~ 9.~~ 57 ~~~~~~ 4 .873,529.Ouu ~~~~~~ i.3v1u ~.i~ 4r v.b,26 ju2.s’, i.48~~7

30.000 238.35 1.2005 + 1 1.6156 — 2 9 .6896 304 .2*  1.4959 — 5
31.000 232.62 1.0376 1.5540 9.666! 305.15 1.5060
32 .000 234.89 8.9811 + 0 1.3321 9.6835 307.2’ . 1.5201
33 .000 231.16 7.7050 1.1436 9.6604 300.72 1.5321
34 .000 239.43 6.7535 4 .6338 — 1 9.6~ 14 310.23 1.5441
35.000 241.70 5.6749 0.4675 9.6744 311.66 1.5
36. ” 00 243.97 5.1137 7.3019 9.671! 313.12 1.5
37.000 246.77 4 .4574 6.2933 9 .668! 314.86 1.56
36.000 249.68 3.6914 5.4302 9.685! 316.76 1.59
39.000 252. 64 3.4037 4.6934 9.68 22 318.63 1.612
40 .000 255.59 2.9815 + 0 4 .0637 — 3 9.6592 320.49 1.6276 - 541.0 00 256.55 2.6157 3.5244 9.6562 322.34 1.6429
42.000 261.50 2.2963 3.0618 9.6531 324.18 1.65 ?
43 .000 264.45 2.0225 2.6683 9.6501 326.00 1.612
44.000 266.87 1.7021 2.3296 9.6471 327.24 1.6028
‘ .5.000 267.65 1.5715 2.0439 9.644 1 !28.!9 1.68~ 7
46.9!! ?69.12 1.366! 3,.l~ 44 9 .943 ,4 .,28.~ g 1. ~47.u uv ~7l.bu j .~ 24s i.~~ 64 ~ .b3ou 329.ri 1.
46 .000 271.97 1.0620 1.3859 9.6350 330.30 1.71 3
49.060 272.65 9.5657 — 1 1.2222 9.6325 331.02 1.11 6
59.994 212.65 9.4~ 62 — I 3,4407 — 3 9.6~99 33142 1.73,~ 6 —
5i .uuu 271.63 ~.4~ 64 v .,vIl — 4 9.6c6u 330..S 1.7uo6
52.000 269.47 6.6fl 67 8.5’” 4 .8 25Q 329.56 1.6910
53.010 267.31 s.el I i.S4~1 ~ .6i44 327.76 1.6670
54 .099 265.3,9 5.3~ 6.75~ 4 .614~ 326.4! 1.6742
55.Ouu 263.11 4.55 0 5ev !” 9.61.i 325.ft
56.000 265.8 4 3.Oo 5 5.j ~ 28 9.Q1lv 3~j.rr 1. S~ 9

~:~fl ~~:U 3:~3 ~ ~:DU ~:UZ ~j :U 1:t~~39.060 253.49 2.6986 3.703* 9.6019 31 .17 1.6171

9 47

- -

- .9
’ 

_ 1

_ _  -~~~~~ ~~--~--~~ - —— ------- --——— -—-—.. - - ,  — - --- ~— --~



-.--.-.--- ‘T~L_~,.— 
~~~~~~~~~~~~~~ ~~~~~ ~~~~-

Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont. )

MA R REFERENCE ATMOSPHERE KNAJA LEIN
ACC EL CUE SOUND DYNAMIC

AL TITUDE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY
KM DEC K NE KC/N~~ 3 N/ SEC~~ 2 N/SEC N SEC/M’~2

60.019 25!.26 2.~4H — 1 34894 — 4 9.59H 317.13 14395 — 5
61.OOu 24r.53 2 .uisr 2.vlSl 9.Sv., 315.08 1.5658

~:8~ ~t~:U 1:~HZ ~: 2 ~-~ II~:H 1:~~i64.050 237.35 1.3635 2.0082 9.5669 308.34 1.5331
65.010 234.12 1.1651. 1.7635 9.5339 306.14 1.5460
66.0~ 6 23S.~ 0 1.0266’ 1.5469 9.5609 304.62 I.8~ 36
67.0 6 227. 1 8.6758 — 2 1.3581 9.5775 332.48 1.8 iS
60.000 224.45 7.6560 1.1866 9.5749 300.34 1.4642
69.050 221.17 6.5534 1.036! 9.5719 296.13 1.4464
70.000 217.35 5.6683 — 2 9.0576 — 5 9.5669 295.89 1.4282 — 5
71.000 218.54 4.6550 7.8837 9.536 293.63 1.8100
72.050 211.2! 4.1316 6.6’73 9.563 291 .35 1.3946
73.944 547.94 !.543,~ ~.9~ ’.? 9.944 2$~4! 1.371
78..,.. ~u4.,v .,.01i.. ,.131~ v.~ si 28 .r8 1.354
75.005 201.26 2.5376 4.4266 9.558 264.41 1.3358
76.fl*I 197.~ 7 2.4146 3.8R9! 9.551 2*2.16 1.3170
7.9~~ 496.~ 5 3,.~ 29Q !4~~ 9.9444 2~44] i:6.17 i,6 . 7 1. 4’~ .r8~ , v.,4,i 2 u. r I.

79.000 195.39 1.3631 2.323’ . 9 .5421 260. 22 1.3022
40.944 498.43, 44985 — 2 1.9474 — 5 9.5394 219.66 1.2911 — 5
.1.ua. iv3..s v.e€1 4 — 3 1.be4, v .53w 51v.3,0
82.000 193.05 7.799v 1.4075 9.5342 ~78.s4 1.26.6
63.000 192.26 6.5651 1.1695 9,5302 277.96 1.2643

1~ :fl ~:U~ i:~~t - 6 ~~ ~~~ 1:~~66 .000 16 .95 3.6995 ‘.1518 9.5213
87.000 18 .11 3.2736 6.0285 9.518’ .
68.000 - 18 .39 2.7463 5.0761 9.51~489.000 16 ,62 2.3024 4.2752 9.51~ 4

!:~S~ il~:~ I:U~ 8 
— ~ — 6

92.000 165.42 1.3513 2.5367 9.5036
93.000 164.94 1.1301 2.1287 9.5006
94. 000 184.46 9.4412 — I. 1.7882 9.4970
95.000 163.97 7.6942 1.4946 9.4947
96.003 183.89 6.5536 1.2519 9.4917
97.000 163.10 5.5053 1.0460 9.4686
96 .000 162.52 4.3986 6.7694 — 1 9.4656
99.000 162.04 3.63213 ‘.3350 9.4629
100.000 161.55 3.1961 — 4 6.132? — 7 9,4794
101.1300 161.07 2.6639 5.1252 9.4115

191.95 2.219~ 4.573,4
1u .uy ~ 153.54 1.8_ ~~ 3.~192104.0g. 186.62 1.5503 2.69~S 9.46.2
105.000 189.42 1.3606 2.39 21 9.4652
1fl:g~ I~:~ ~~~ — 1:ZU-~108.990 208.40 7.8356 1.3423 9.4
119.uu$ 221 .sO 6.7211 1.0~71 9.4

113.000 234.99 3.6119 — 5 6.6246 — 6 9 .45
111.016 246.46 5.0711 7.1175 9•44
112.008 261.91 4.4626 5.~ 346 9.444

~~~ ~U:~3 ~:~tZ~ 1
115.08 2. 3. 4 3.62 9.4 ~

tti~
ii1 I~~~JI ~~I~UII .880 342. 9 2.1 18 2.1 4 .4 4

121.001 347.89 1.9109 — 5 1.9157 — 6 9.4213

48
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- Table 12. Tables of the Monthly and Annual Kwaj alein Reference Atmospheres

(Cont. )

APR REFERENCE ATMOSPHERE KNAJ A LE IN
ACCEL DUE SOUNC DYNA MIC

ALTITUDE TEIIRERA TURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY
KM DEC K NB KG/N”3 N/SEC•’2 H/SEC N SEC/$•~ 2
0.000 304.23 1.0108 + 3 1.1574 4 0 9.7818 349.66 1.8659 5

3:
~ 

295.38 9.822’. + 2 1.0634 — 9.1785 344.86 1.3250

3.00
0 299.26 8.0349 — ~ ~~~~~~ 

341.54 1.1995
772 338 .53 1 .7 .50

4.000 279.46 6.3250 7.8845 g.1Ed 335.13 1.71.12
5.000 273.75 5.5929 1.1174. 9.7681 331.61 1.7190
6.000 267.78 4 .9325
7.000 261.30 4.3380 ~:c~1 328.04

324.36 1.
8.000 254.38 3 .8027 5.2077 9.1569 319.73 1.6216

F 9.000 246.92 3.3285 4.664~ 9 .7 538 315.01 1.5832
10.000 239.46 2.8875 + 2 4 .2008 — 1 9,1507 310.21 1.5442 • 5
11.003 231.53 2.8991 3.7612 9 .7477 305 .0 3 1.5022
12.000 223.56 2.1532 3.3550 9.7446 299.75 1.4594
13.000 215.63 1.84413 2 ,9804 294 .37 1.1.260
14.000 287.68 1.5115 2.6361 ~ 2813. 94 1.3719
15.000 199.74 1.3304 2 .3204 9:1!5~ 283.3 2 1.3211
16.600 191.77 1.1225 1.9750 9.7323 281.92 1.3159

196.28 9.4427 + 1 1.6759 5.7253 280.86 1.3074
0 196.15 7.9445 1.4110 9.1262 280 .76 1.3066

19.300 200.iB 6.6549 1.1651 9.1231 28’ .63 1.3296
20.000 204 .64 5.663! + 1 9.641’ — 2 9.720 1 286.71 2.3548 — 5
21.000 209.10 4 .8083 6.0i0~ 9.7170 285.68 1.3798
22 .000 213.55 4.0967 6.6829 9.1140 292.95 1.404 !
23.000 216.21 3 .5002 5.6396 9.7109 294.77 1.’.19224 .008 218.59 2.995e 4.7746 9.7879 296.34 1.432 2
2 5 .000 220. 96 2 .5686 4.01.97 9.7048 297.99 1.4452
26 .000 223 .34 2 .2060 1.41.12 9.7010 295.59 1.4531
27.006 225.71 1.8578 2.9291 9.6987 301.18 1.4710
28.000 228 .05 1.635 3 ‘.4976 9.6957 307 .76 1.4837
29.000 230.1.6 1.411! 2.153’, 9 .6 926 304 .33 1.1.965

30.000 232.83 1.2195 + 1 1.8252 — 2 9.6896 305.89 1.5391 — 5
‘35.50 .0560 1.5642 9.6865 307.44 1.5217
�37.,7 .1557 + 0 1.3426 9.6835 306 .99 1.5343

33.000 239 .94 1.15g. 9 .6 1304  310.52 1.5467
34.000 242 .31 6.9120 9.9376 — 3 9.677’ . 312.05 1.5592
35.000 244 .78 6.018! 5.5661 9 .6744 313.63 1.5129
36.000 247.52 5.2485 7.3867 9.6713 315.35 1.586~31.000 250.28 4 .5841 6.380! 9.6603 317 .15 1.6006
38.000 253.04 4.0100 5.5205 9.6653 31°.89 1.6148
39.00* 255.80 3.5130 4.7841 9.6622 320.63 1.6289

40.000 250.56 3.08~ i + 0 4.1525 — 3 9.6592 322.35 1.6429 - ¶
41.000 261.32 2.1079 3,6099 9.6562 324.36 1.6569
42.00 6 264.06 2.362 5 3.1429 9.6532 325.77 2.6708
‘ .3 .080 265.81 2 ,0987 2.7499 9.6501 326.67 1.6150
44.000 267.05 1.8500 2.4133 9.6411 327.60 1.6057
45.000 268.23 1.6317 2.1192 9.6441 328 .32 1.6916

~ :&il ~~~ 
1.4400 1.86 71 9.6411 329.04 1.6975
1.2716 1.6371 9 .6380 329,76 1.7034

‘.0.050 271.15 1.1235 1.4434 9.635 5 330.10 1.7062
49.800 271.15 9.9269 — 1 1.2754 9.6Y20 330.10 1.7062
50 .000 271.15 8.1116 — 1 1.1270 — 3 9 .6290 330.10 1.7062 — S
51.000 271.15 7.7511 9.9554 — 4 9.6260 330.10 1.7062
52.006 215,53 6.8491 8 95 9 .6229 329.72 1.703’
54.000 26~:3~ ~~~~ ~:HH ~~~~ 

1.696253.000 26
1. 6894

55.000 266.41 4.7099 6.1569 9.6139 327.20 1.6825
0 265.04 5.4576 9.6I~~ 326.36 1.6736

361h ~U:U ~:~h ~~~~ :t8’. 322.03 1.6’.0~
324.83 1.6634

59.000 253. 54 2.6223 3.8719 9.6019 319.21 1.6173
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

APR REFERENCE ATMOSPHERE KNAJALEI N
A~CEL CUE SOUND DYNAMIC

TY TO GRAV ITY SCEED VISCOSITYALTITUDE TEMPERATUR E CRES
~~~

E 
M#SEC~’2 N FSEC N SEC/N.412KM DEC K N

60.000 249.04 ,- 2.4706 — 1 3.4560 — 4 9J9a9 318.36 1.5942 — s
61.01 244.54 - 2.1876 3.0737 9.5959 313.49 1.5108

2. 240 .04 1.8196 2.7271 ~. ~~ 310.55 1.54733 235.54 1.6332 2.41% 307.36 1•523g
6’.:uoe 23 1.04 1.4153 2.1340 9:~eJ 304.71 1.4996
65.000 2~6.54 1.2231 1.8808 9.5639 301.73 1.47,5

~:~fl ~d:~ 4:HU — 
1.6535 .

~ fl 298.72 1.4541
2 1.4498 295.78 1.42.4

65.068 214.26 1.7589 1.2614 9:5749 293.45 1.4036
69.000 210.86 6.6322 1.0957 9.57i9 291.10 1.3896
70.0130 207.45 5.6550 — 2 9.4964 — 5 9• 53$C  288.73 1.3706 — 5
71.030 204.07 4.8092 0.2096 9.5860 266.37 1.3516
12.000 281.73 4.0609 7.0473 9.5630 264.73 1.3364
73.060

~‘..ooo 1~:~ ~:~fl 253.07 1.325
281.41 1.31i~75.059 194.71 2.4652 4~4101 9.5540 279.~ 3 1.298!

3.7591 9. 5510 278.05 1.234976.000 ~~~~37 

~~~ 3.1652 9.5461 277 .09 1.283677.000 .1
78.000 1~ 1.4604 2.6621 9.5451 217.69 1.2836
79.000 192:15 1.2351 2.2392 9.5421 277.89 1.2836

80.000 i~2.t5 1.0389 — 2 1.8835 — 5 9.5394 217.89 1.2836 - 581.000 142.15 6.1392 — 3 1.5844 9.536~ 277.89 1.2836
82.000 192.90 7.3538 1.3281 9.5332 276 .42 1.2879
83.000 193.37 6.1935 1.1129 9.5302 270 .12 1.2935
64.000 194.64 5.2211 9.3352 — 6 9.527! 27° ,82 1.2991
65 .0*0 195.81 4.40.3 ‘.8375 9.524! 28L.52 1.3046
06.000 196.13 3.7203 6.5862 9.5223
87.000 195.95 3.1431 5.5880 9.5184
68. 0 00 4.7614 9.515’.
~~~~~~~~~ 1~:~3 ~~~~~~ 4.050 7 9.5124
90.000 190.13 1.8770 — 3 3.4406 — 6 9.5095
91.300 188.19 1.5761 ‘.9177 9.506!
52.080 166.85 1.3208 2.4~ 27 9.5036
93.000 106.16 1.106 0 2.0697 9.5006
94.005 185.46 9.2557 — 4 1.7384 9.4516
95.000 164.80 7.7411 i.4593~ 9.494796.000 184.12 6.4705 1.224 9.4917
97.000 133.45 5.4053 1.0265 9.4868
96.000 187.77 4.5126 8.6013 — 7 9.4650
99.000 182.09 3.7650 1.2031 9.4029

00.000 iIl.41 3.139’. — 4 6.0265 — 7 9,4 79C
161.300 160.74 2.6161 5.0421. 9.4775
102.088
103.000 fl~:H f:i~2~ ~:il~104.000 292.50 1.5299 2.766~ 9.466’
105.000 198.29 1.2923 2.2703 9.465~106.058 204.00 1.0969 1:~~I167.050 209.87 9.3546 — 5
108.000 215.66 6.012! 1.2943 9.4584
169.000 221.44 6.6914 1.0641 9.4535

110.000 227.23 5.9506 — 5 9.1231 — 8 9.4506
233.01 5.1514 7.7108 9.4476

0 231.79 4.4659 6.544! 9.4441
113.0130 

~ 
.fl 3.9186 5.4826

114.00* 3.4439 4.6051
11S.000 2~2:.6 3.0439 3.697’. 9.4359

2.1043 3.3216 9.4330116.036 

~~~ ~:~1U 2:t*2~
117, 000
118. 000
119.003 316.24 1.4434 Li329 9.4244

120.080 329.17 1.7607 — 5 1.3600 — 0 9.8213

50- I
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

• HA Y REFERENCE ATMOSPNERE KIIAJAL E IN
ACCEL CUE SOUND DYNAM IC

AL TITUDE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY
KM DEC K NB KG/N’~ 3 N/ SEC”2 M~SEC N SEC~M •2

0.000 304.44 1.0110 + 3 1.1569 1 0 9,1616 349.76 1.6669 — 5
1.000 296.14 9.3237 + 2 1.0617 9.7165 384.90 1.8277
2.000 210.83 9.0367 9.6267 — 1 9.7754 381.8? 1.8023
3.000 2 5.44 7.1410 8.715! 9.7123 338.69 1.7763
4.000 275.59 6.3304 7.6878 9.7692 335.20 1.7476
5.000 273.73 5.5977 7.1241 9.7381 331.67 1.7185
6.000 267.79 4.9365 6.4224 9.7631 328.05 1.6694
7.000 261.88 4.3419 5.7766 9.7605 324.39 1.6596
8.000 254.73 3.6064 5.2056 9.7539 319.95 1.6234
5.005 247.59 3.3247 4.6780 9.7536 315.43 1.5867

10.~ 00 240.45 2.892! + 2 4.1908 — 1 9.7501 310.85 1.5494 — 5
11.000 232.62 2.5056 3.7523 9.7877 30~ .75 1.5080
12.0*0 224.77 2.1599 3.3478 9.7446 300.55 1.4659
13.043 216.92 2.8572 7.9745 9.7415 295.26 1.
14.u00 209.08 1.579’. 2.6316 9.7305 289.67 1.
15.000 201.23 1.3361 2.3115 9.1354 284.30 1.3358
16.000 196.97 1.1219 1.9966 9.7323 281.35 1.3113

• 17.000 194.65 9.4904 4 1 1.6985 9 .7253 279.6C 1.29818.000 195.67 7.9769 1.4130 9.1262 281.15 1.309.
19.000 201.62 6.7 290 1.1626 9.7231 284.65 1.3378
20 .000 206.58 5.7001 4 1 9.6124 — 2 9.7201 288.13 1.3657 — 5
21.000 211.54 4 .8478 7.9337 9.7110 291.57 1.3934
22.000 214.41 4.1359 6.7200 9.7140 29’.54 1.4093
23.000 216.96 3.5354 5.6762 9.7109 295.30 1,4234
24.000 219.56 3.0279 4.0 643 9.!575 297.04 1.8315

• 25.000 2 22.13 2.5960 4.0745 9.7048 292 .70 1.4516
26 .0 00 224.70 2.2332 3.4623 9.7018 300.50 1.4655
27.000 226.78 1.9228 2.9537 9.6587 301.89 1.4168
26.000 226.76 1.6578 2.5245 9.6957 303.20 1.4874
29.000 230.74 1.4311 2.1607 9.6926 304.51 1.4980
30.000 232.71 1.2371 4 1 1.8519 — 2 9.6896 305.31 1.508! — 5
31.000 234.69 1.0700 1.5694 9,686! 301~ 11 1.519
32 .000 236.67 9.2793 + 0 1.365’ 9.6635 308 .40 1.529
33.000 238.64 8.0515 2.1754 9.6604 309.68 2.5399
34.~ 00 241.05 6.9954 1.0110 9.6774 311.28 1.5526
35.000 243.62 6.0870 8.7042 — 3 9.6144 312.90 1.5660
36,000 246.18 5.304! 1.5063 9.671! 314.54 1.5794
37.000 248.75 4.6294 6.4834 9.6603 316.17 1.5927
38.000 251.31 4 .04 60 5.6087 9.665! 317.60 1.6055
39.000 253.87 3.5412 4.8593 9.6522 319.41 1.6190
40.001 256.43 3.1036 4 0 4.2163 — 3 9.6592 321.02 1.6321 — 5
42.000 256.99 2.7237 3.6637 9.6562 322.62 1.6451
42.000 261.55 2.3936 3.1880 9.6531 324.21 1.656
43.000 264.11 2.1061 2.7760 9.6501 325.79 1.671
44.300 265.73 1.355 3 2.4323 9.6471 326.79 1.6791
45 .000 266.72 1.6353 7.j 16fl 9.6441 327.39 1.6841
44.099 247.74 4.4952 1.8t47 9.4411 ~59.99 ;.48
41.095 5~4.6~ 1.2,04 t.54~4 9..3.q 

~~~~~~~ ~~~48 .Ouu ~5I.15 1.1232 1.453t 9.635i~ 328.s o 1.5~62
49.000 269.15 9.9149 — 1 1.263! 9.6320 328.06 1.6962

50.008 269.15 8.7538 — 1 1.1329 — 3 9.6298 328.88 1.6962 — 3
51.003 268.59 7.7210 1.0022 9.626 328.54 1.6934
52.010 P67.42 6.3183 1.8824 — 4 9.122 327,6 2 1,63 7
33.0k 266.24 6.0135 t.6685 9.~ 14 321.14 1.611
54.000 265.06 5 .30 08 6.9668 9.616 326.30 1.3756
55.050 263.89 4.675 2 6.1634 9.6 3 325.63 1.6699
56.0 0 6 •68 4.1121 5.47 3 • 324.29 1.6587

~:~h ~t:~t I:~t~ ~:uh ~i ~f~:i~ ~:~ U
59,000 249.93 2.7771 3.8709 9.6 19 318.92 1.5967
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Table 12. Tables of the Monthly and Annual Kwaja lein Reference Atmospheres
(Cont . )

MAY REV ERENCE ATMOSPHERE KWAJ A L EX N
ACCEI. CUE ~OUN 0 DYNAMIC

ALTITU DE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED V ISCCS IT Y
MM DEC ~ HO KG/N’~ 3 M/ SEC”2 H/SEC N SEC/M ’2

60.000 246.61 2.4267 — 1 3.436! — 4 9.5989 314.43 1.5785 — 5
61.000 242.10 2.1160 3.0448 9.5959 311.92 1.55816~2.000 238.16 1.8410 2.6927 9.5929 309.39 1.537563 .000 234 .21 1.5562 2.3766 9 .5899 306.63 1.5165
68 .000 230.36 1.3842 2 .0932 9.5869 304.26 1.4960
65 .000 2 26.45 1.1555 1.8397 9.583C 301.67 1.4750
66 .000 222.54 1.03136 1.6134 9.5804 299.35 1.453
61.000 218.63 6.8594 — 2 1.4117 9.5779 296.42 1.432

214.73 7.5952 1.2322 9 .5749 293.76 1.4110
69 .000 210.62 6.4933 1.0730 9.571C 291.07 1.3894
70 .000 206.92 5.5353 — 2 9.319 2 — 5 9.5689 286.3 ? 1.3676 — S
71.000 203.12 4.1045 8.0687 9.5660 235.71 1.3462
72.0 00 202. 24 3.9914 6.8752 9 . 5 6 3 0  285. 09 1.3813
73.000 201.36 3.3841 5.8545 9 .5600 284 .47 1.3363
74 .000 200.49 2.8672 4.9821 9 .5570 283.85 1.3313
75.000 199.61 2.4277 4.2369 9.5540 283.23 1.326!
76.005 198.13 2.0542 1.6008 9.5510 282 .61 1.321477.000 197.86 1.7369 3.3562 9 .548 1 231.98 1.3164
18.000 196.98 1.4676 2,5955 9.5451 201.36 1.3113
79.000 196.11 1.239 2 2.2014 9 .5422 280.73 1.3063
80.000  195.23 1.0456 — 2 1.8658 — 5 9 .5 39 1  280.10 1.3013 — 5
81.000 294.35 8.8166 — 3 1.5603 9.5362 279.4? 1.2963
62 .000 194.15 7.4303 1.3332 9.5332 279.33 1.2951
63 .000 194.15 6 .2623 1.1237 9.5302 279.33 1.7952
88.000 194.1! 5.278 1 9.4706 — 6 9 .5273  279.33 1.2951
85 .000 154. 15 4 .4480 ‘.9826 9.5243 2’9.33 1.2951
86 .000  194.15 3.7501 6.7280 9.521!
87,000 194.15 3.1612 5 .6722 9.5184
01.000 194.15 2.6650 4.7818 9.5154
89.000 198.15 2.2861 4.0314 9.5124
90.000 194.15 1.894 3 — 3 3.3989 — 6 9.5095
91.u OO 198.15 1.5972 7.8658 9 .506 5
92.000 193.52 1.3465 2.8240 9 .5 1336
93.000 152.16 1.1342 2 .056 1 9 .5006
94 .000 190.61 9.54 15 — 4 1.7422 9.4976
95.000 189.45 8.0117 1.4743 9.4947
96.000 188.09 6.7292 1.2463 9.4517
97.000 166.14 5 .6410 1,052! 9 .4065
98.000 185.39 4.1229 8.8751 — 7 9.4858
99.000 184.03 3.9493 7.4760

100.000 182.65 3.256 ! — 1. 6.2898 — 7 9 .4799
101.000 181.33 2.7510 5.2854 9.4710
102.000 150.75 2.2917 4.4161 9.4141103.000 185.61 1.9139 3,5921 9.4111
104 .000 190.44 1.6059 2.9317 9.4652
105.050 195.27 1.3535 2.4181 9.4652
106 .000 200.09 1.1456 1.9945 9.4623
107.000 204.92 9.7350 — 5 1.6550 9 .4594
105 .000 209.74 8.3046 1.3794 5.4564
109.000 214.56 7.110 3 1.154 ! 9.4535
110.000 219.36 6.1091 — 5 9.7010 — 8 9 .4506
111.006 224.20 5.266’. 8.1832 9.4476
122.000 229. *1 4.5346 6.9282 9 ,4447
113.000 239.?1 3.9563 5J496 4.’.t1~~.0i4 232.23 3.4611 4 .7803 9.4
11~ .0 uu 264.14 3.04 ,6 4.0194 9.4 59
116.000 277.25 2.6995 3.39~ O 9 .43 35
11~:8~ ~~~ ~~ ~:Z~I~119.000 314.74 1.9582 2.1409 9.424
120.000 321.23 1.746 2 — 5 1,8590 — 8 9.421!
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont .)

JUN REFERENCE ATMOSPHERE KNAJ A LEIN

A~CEL DUE SOUNC DYNAMIC
ALTITUDE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY

KM DEC K MB KG/N~~3 N/SEC”2 N/SEC N SEC/N~~ 2
0.00* 304.43 .0107 • 3 1.1566 + 0 9.7816 349.76 1.8669 — 5
1.000 296.26 .0231 + 2 1.0610 9.7755 31.5.05 1.828!
2.000 290.71 .0344 9.6276 — 1 9.7754 341.83 1.8017
3.005 265.22 7.1384 8.7185 9.7723 338.56 1.7752
4.006 279.33 .3274 7.891’. 9.7692 335.04 1.74655.000 213.83 .5944 7.121? 9.7661 331.45 1.7175
6.000 261.4* .9332 6.4252 9.7631 327.86 1.60191.000 261.5 2 ...338 0 5.7786 9.7600 324 .19 1.6579
8.006 254.35 3.6024 5.2076 9.7569 319.71 1.6215
9.008 747•jt 3.3204 4.6802 9.7536 31~ .1€ 1.5644

10.000 239.95 2 .8660  4 2 4.1930 — 1 9. 75 0 7  3 1 0.5 3  1 . 5466  — S
11.000 232.1 2 2.5010 3.7534 9.7477 305 .42 1.505’ .
12.00 13 224.27 2. 1C5 2 3.3477 9.7446 300 .21 1.4632
13.000 216.42 1.8475 2.9738 9.7415 294.91 1.4201.
14 .000 200.56 1.5748 2.630! 9.1365 289.52 1.3769
15.000 200 .73 1.3342 2.3156 9 .7354 284 .02 1.3327
16.060 196.1.1 1.1247 1.9942 9.1323 280.99 1.3084
17. 000 196.15 9.4620 • 1 1.6805 9.7293 280.76 1.3066

• 18.000 195.76 7.9721 1.3903 9.7282 283.34 1.3272
19.-~130 203.73 6.7.397 1.1525 9 .7231 286.14 1.3497
20.000 2(7.69 5.1166 + 1 9.5886 — 2 9 .720 1  288.91 1.3719 — 521.000 211.66 4.8642 6 .0060 9.7110 291.65 1.394022.000 214.89 4.1511 6.7297 9.7140 293.67 1.4119
23.000 216.87 3.5469 5.7009 ~ .7109 295.22 1.4226
24 .000 218.85 3.0306 4.8369 9 .707 9 296 .56 1.433?
25 .000 220.83 2.6054 4.1101 9.7(48 297.90 1.4445
26 .000 222 .60 2.2371 3.4978 9.7018 299.23 1.4552
27.C00 224 .78 1.9236 2.9811 9.6967 300.56 1.4660
28 .000  226.76 1.6562 2.5444 9 .6957 30 1.85 1.4766
29.000 228.1’. 1.426 0 2.1748 9.6926 303.19 1.4873
30. 000 230.11 1.2328 + 1 1.8615 — 2 9.6856 304 .50 1.4919 — 5
31.000 232.69 1.0(57 1.595! 9.6865 305.80 1.5084
32.000 234.61 9.2243 + 0 1.3691. 9.6835 307.09 1.5189
33.000 236.64 7.994 1 1.1769 9.6204 308 .38 1.5291.
34.006 238.73 8.5367 1.0122 9.6174 309.14 1.540435. )00  241.20 6 .0276 6.1059 — 3 9.6744 311.34 1.553436.000 243.66 5.2454 7.499’. 9.6713 312.92 2.566237.000 2~.6.13 4.5113 6 .4700 9. 6683 314.50 1.5791
38.000 248.59 3.9894 5.5907 9.6853 316.07 1.5919
39.000 251.06 3.4865 4.0379 9.6~ 22 317.64 1.6046
1.0.000 253.52 3.0511 + 0 4.1928 — 3 9.6592 319.19 1.6172 — 5
4 1.000 255.98 2.6736 3.6385 9 . 656 2 320.74 1.6298
42 .000 258.38 2.3459 3.1629 9.653 1 322.24 1.6420
43. 0 0 0 260.35 2 .0607 2.7573 9 .6501 323 .46 1.6520
44 .000 262.32 1.8120 2.4063 9.6471 324 .68 1.6620
45.000 264.29 j.5C49 2.1023 9.6442 325.90 1.6719
‘ .6.000 266. 25 1.4052 1.8385 9.6411 327.11 1.6811
47.000 268.22 1.2392 1.6095 9 .6380 328 .31 1.6916
88.000 269.15 1.0938 1.4157 9.6350 320,68 1.6982
49.000 269.15 9.6558 — 1 1.2496 9.6320 326.58 1.6962
50.000 269.15 8 .5242 — 1 1.1033 — 3 9.6293 326.68 1.6962 - 5
51.00’ 267. 7.3235 9.7799 — 4 9.6 6 328.18 .6904
52 .0O~ 286.fl 6.6369 8.6655 9.J2~ 327.43 1.6646
53.000 265. 64 5.8515 7.6743 9.619 376.13 1.6787
54.000 264.46 5. 1569 6.7930 9.616 326.61 1.6728
55.000 263. 2 4 .542 6.8*9 9.613 25.26 .6666

~~~ ~fl:’~ ~~ ~:~ZI ~:~i! ~c~:U 1:t~50. 000 252.~~1 3.0 3 4.247 9. 31~ 318.49 1.611
59.003 248.69 2.6926 3.7719 9.6019 316.13 1.5923
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

JUN REFERENCE ATMOSPHE RE KWAJALE IN

ALT ITUDE TEMPERAT URE PRESSURE DENSITY ~~A;~cY ~~~ V~~~ 1~YKM DEC MB KG/N”! 8/SEC’ 2 H/SEC N SEC/M”2

60.000 284.97 2.3518 — 1 3.3440 — 4 9.3989 313.76 1.5730 — 561.095 24j45 5.9493 5.9S9~ 9.5255 314.!? 1.353662 .O uO 23,.,3 i.r6~2 ~~~~~~ 9.5~ 2~ 30s.*6 1.534
63.000 233.81 1.5466 2.3044 9.5899 306.54 1.314
64.0 00 230.10 1.3392 2.0276 9.5869 304.09 1.4946
65.050 226.36 1.1569 1.7603 9.5839 301.63 1.4146
66 .000 222.67 9.9710 — 2 1.5600 9.5809 299.14 1.454
61.000 210.96 8.5724 1.3639 9.5779 296.64 1.434
68.000 215.25 7.3513 1.1895 9.5745 294.11 1.4139
69.305 211.51. 6.2076 1.0335 9.5719 291.37 1.3934
70.000 201.63 5.3633 — 2 8.9900 — 5 9.5669 269.00 1.312 7 — S
11.000 20L .28 4.5822 7.7799 9.5660 286.52 - 1.352
72 .000  200.61 3.8702 6.7121 9 .5630  284.12 1.333

~ :8il ~~~ ~:c1~ ~~~ ~ : 3  1:~U75.0130 196.31 2.3317 4.1366 9.5040 260.92 1.307
16.000 196.85 1.9666 3.4839 9.5510 281.27 1.3106
71.000 197.34 1.6629 2.9355 9.5461 231.
78.000 191.83 1.405 3 2.4746 9.5451 281.
‘9.000 198.31 1.188 1 2.0871 9.5421 282.31 1.3190
80.000 198.80 1.0050 — 2 1.7611 — 5 9.5391 262.65 1.3217 — 5
61.006 199.15 6 .504 8  — 3 1.4877 9 .5382  262.90 1.3237
82.000 199.15 7.1983 1.2592 9 .533 2  282.90 1.3237
83.006 jqq.js 6 .0928 1.13658 9.5302 282.90 1.3237
84.000 199.15 5.1513 9.0216 — 6 9.527! 282.90 1.3237
65.000 198.49 4.3649 7.6609 9.521.! 262.43 1.3200
86.000 191.52 3.6916 6.5109 9.5213
87.000 196.55 3.1197 5.5295 9.5184
88.000 195.58 2.6344 4.6924 9.5154
69 .000 194.61 2.2226 3.9790 9.5124
90.000 193.64 1.618 0 — 3 3.3715 — 6 9.5095
91.000 192. 61 1.578? 2.8545 9.5065
92.000 191.70 1.3268 2.4188 9.5036
93.000 198.73 1.1176 2.0413 9.5006
94.000 169.76 9.3917 — 4 1.7241 9.491
95.000 168.19 7.6836 1.4551 9,4C’.
96.000 181.82 6.6155 1.2270 9.44j 7
97.000 166.86 5.545! 1.0336 9.4866
95.000 165.89 4 .6442 6.7031. — 7 9.4856
99.000 164.92 3.6661 7.3208 9.4629
100.066 183.96 3.2459 — 4 6.1326 — 7 9.4799
1,1.000 18 .99 2.7136 3.1668 9.4110
162.000 2.2(48 4.3238 9.474
163.005 184.99 1.6925 3.5639 9.471
164.080 161.50 1.5151 2.9451. 9.46q
1*5.050 190. 1 1.331k 2.4416 9.4(9~ii* .ooo l92J2 1.1204 2.02~4 9.4623
107.000 195.03 9.451! — 5 1.66 3 9.4991.
168.000 2*6.96 8.0238 1.3436 9.45(8
119.000 221.~~0 6.8625 1.5825 9.4535
110.000 234.99 3.9577 — 5 8.8320 — 0 9.4506
111.006 288.40 5.1990 7.2089 9.4478
111.060 261.91 4.5710 A .5777 9 .4447
142.014 ~~~~~~~~~~ ~~~~~~~ ~.41!9ii4.O uu ~ .S3 3•~~~ 4 .3. ,., .4
113.000 302.40 3.2 97 3.1591 9.4a’~ ~~~~1I11 • 2.69 .1321 .10 0 •4242

120.009 347.49 1.9568 — 5 1.9617 — 8 9.4213
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont. )

JUL REFERENCE ATMOSPHERE KNAJAL EIN

ALT ITUDE TEMPERATUR E PRESSURE DENSITY 
C O U  SCUN0

ION DEG K MB KGf ~~ ’3 M/SEC” 2 N/S E~ N
0.0 50 304.41 1.0100 4 3 1.1558 • 0 9.1816 349.16 1.6665 — 5

• 1.000 296.48 9.6168 + 2 2 .0595 9.7785 345.18 1.8293

~:38~ il~:~ #:1~31 - ~ ~~~ ~~:8 1:~~4.000 219.86 6.3233 ‘.871! 9.7692 335.36 1.1491
5.0*1 278.69 5.5938 7.09 3 9 .76 1 332.2 1.1237
6.094 268.11. 4.934 2 6.4ds 9.16~1 328.2~ 1.69
1.005 2(1.57 4.3396 5.7796 9.7600 324 .22 1.65
6.000 254.37 3.803! 5.209’. 9.7569 319.’S 1.6216
9.0130 247.16 3.3217 4.6816 9.7538 315.16 1.5844
10.000 239.95 2.8892 4 2 4.1946 — 1 9.7507 310.53 1.5866 — 5
11.000 231.53 2.501! 3.763! 9.7477 3o5~~Ø 5 1.5023
12.000 223.10 2.1548 3.3641 9.7446 299.43 1.4569
13.0*5 214.66 1.8449 2.9941 9.7415 293.71 1.410
14.000 206 .22 1.5702 2.6525 9.7385 287.88 1.363
15.000 20 1.46 1.3293 2.2984 9.7354 284.55 1.3370
18,000 197.02 1.1213 1.9627 9 .7323 261.38 1.3115
U:~8~ ~~~ ~~~ ~~~ ~ 1:~ 1:~~1°.050 203.85 6.1260 1.149’. 9.7231 286.22 1.3504

20.000 201.62 5.7051 + 1 9.5727 — 2 9.7201 282.0 5 1.3715 — S
21.000 211.36 4.8537 7.9991 9.7170 291.46 1.392!
22 .000 215.15 8.1414 6.7058 9.7145 294 .04 1.4133
23.000 217.11 3.5416 5.6627 9.7109 295.38 1.4241
24.000 210.19 3.0325 4.8284 9.1079 296.52 1.4334
25.000 220.47 2.5 998 4.1079 9.7048 297 .66 1.4426
26.000 222.16 2.2315 3.4993 9.7018 290 .60 1.4517
27.000 223.64 1.9177 2.9647 9.6987 29C .92 1.4608
22 .1300 225.52 1.6500 2.5489 9.6951 331.05 1.4699
29 .000 227.20 1.4213 2.1793 9.6926 302.1? 1.4790
30.000 228.85 1.2257 + 1 1.8657 — 2 9.6896 303.28 1.4880 — S
31.000 230.56 1.0583 1.5990 9.6865 304.39 1.4970
32.060 232.24 9.1468 • 0 1.3721 9.6535 305.50 1.5060
33.000 234.44 7.9155 1.1762 9.6604 306.94 1.5177
38.0~ 0 236.61 6.6800 1.0092 9.6714 308.49 1.5302
35.00* 239.17 5.954 1 8.6724 — 3 9.6744 310.03 2.5427
36 .050 241.54 5.1752 7,4641 9.6713 311.56 1.5552
37.009 21.3.91 4 .5046 6.4336 9.6683 31’ .08 1.5675
38.000 246.27 3.9263 5.5539 9.6653 318.60 1.5798
39.000 248.64 3.4269 4 .80 1’. 9 .6622 316.10 1.5921
40.000 251.00 2.9950 + 0 4.1567 — 3 9.6592 317.60 1.604! — 5
4 1.006 253,37 2.6209 3.6036 9.6562 319.10 1.6164
42.000 255.73 2.296! 3.1284 9.6531 320.58 1.6265
83.050 256.69 2.0145 2.7195 9.6501 322.0 6 1.6406
44 .000 260. 45 1.1698 2.3612 9.6411 323.53 1.652!
45 .009 262.81 1.5565 2.0632 9.648 1 328.99 1.6545
46. 1306 265.17 1.3705 1.8005 9.6411 326.45 1.6763
47.000 261.53 1.2082 1.5732 9.6385 327.59 1.6851
45.000 265.65 1.066 1 1.362! 9.6350 328.50 1.8937
49.006 268.65 9.4093 — 1 1.2201 9.6325 326 ,56 1.6937

t:~ ~6~:~~5 

~:i~2 - : Z ~~~ ll~:8 t:~~ 
-

32.00~ 2~6.48 6.4651 5.4517 9.~ 229 327.~ 5 l.6fl
~53.00 265.01 5.699 0 7.4916 9.6199 326. 5 1.6

54.0 06 263. 51. 5 .0204 6.6363 9.6169 325.44 1.668
55.000 26 2.07 4.4196 5.0749 9.6139 324.53 1.86
56.00* 259.79 3.6678 5.2133 9.6109 323.12 1.64 2

~:18~ ~~ ~:~il$ :H~ ~~~ 1:~59.000 246.92 2.6197 3.6668 9.6019 316.20 1. 935
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Table 12. Tables of the Monthl y and Annual Kwajalein Reference Atmospheres
(Cont. )

JUL REFERENCE ATMOSPH ERE KW A JA L EI N

DUE SOUNC DYNAMIC
A LT IT(~ E TEMPERATURE PRESSURE DENSITY TO GRAVITY SFEED VISCOS ITY

KW DEG K Ml KG/I~~’3 M/SEC”2 H/SEC K SEC/M’~ 2
60.000 245.30 2.2661 — 1 3.2495 — 4 9.5965 313.97 1.5748 — S
61.000 241.67 1.9985 2.8750 9.5959 311.65 1.5559
62.000 238.55 1.7351 2.5391 9.5529 309.30 1.5368
63.000 234.44 1.5062 2.2382 9.5899 306.94 1.5117
64 .uOO 230 .62 1.3048 1.9692 9.5869 304.57 1.4984
65.000 227.20 1.1217 1.7291 9 .5639 302.17 1.4790
66.000 223. 54 9.7248 — 2 1.5155 9.5809 299.73 1.4592
67.000 219.63 6.3651 1.3268 9.5779 297 .09 1.4250
66.000 215.73 7.fl65 1.1589 9.5745 294.44 1.4165
69. 000 211.62 6.1398 1.0098 9.5715 291.76 1.3950
10.000 207.92 5.228 0 — 2 8.7762 — 5 9 .56 89  289.06 1.3732 — S
71.000 204.11 4.4554 7.6043 9.5660 286.40 1.3518
72.000 202.94 3.7825 6.4931 9 .5 6 2 0  265.56 1.3452
73.000 201.77 3 .2084  5.5396 9 .5600  284.76 1.3386
74.000 202.60 2.7190 4.7219 9.5570 283.93 1.3320
75.~~00 199.43 2 .3022  4.0214 9.5540 283.10 1.3253

• 76..~00 198.26 1.9474 3.4215 9.5510 282 .2 ? 1.3157
77 .000 198.15 1.646’. 2.8946 9.5481 282.19 1.3180
78.000 198.1! 1.3920 2.447! 9.5451 262.19 1.3180
19.080 198.15 1.1770 2.0693 9 .542 1 282.19 1.3180

80.000 198.15 9 .9526 — 3 1.7495 — 5 9 .5392  282.19 1.3180 — S
8 1.000 198.15 8.4161 1.4796 9 .5262 262.19 1.3180
82.000 198.1! 7.1172 1.2513 9.5332 282.19 1.318~63.000 198.15 6.0191 1.0582 9 .5 2 02  28-2.19 1.3160
84.000 196.15 5.0907 8.9500 — 6 9.9213 282.15 1.3180
85 .000 197.49 4.3049 7.5938 9.5293 261.72 1.3143
86.000 196.52 3.637? 6.4466 9.521!
81.000 195.55 3.0716 5.4720 9.5184
86.000 194.55 2.5915 4.6397 9.51!’.
69.000 193.61 2.1047 3.9310 9.5124

90.000 1C2.64 1.8402 — 3 3.3275 — 6 9.509!
91.000 191.67 1.5489 2.8151 9.5065
92.006 190.70 1.3025 2.379~ 9.5036
93. )60 189.73 1.0945 2.0096 9.5006
94.000 188.76 9.1891 — 4 1.6959 9.49 76
95.000 187.79 7 .7084  1.4300 9.4941
96.000 186.62 6.4600 1.2047 9.4917
97.000 185.66 5.4104 1.0141 9.4866
98.000 184.89 4.5269 8.529! — 7 9.4856
99.000 163.92 3.7843 1.1678 9.4229

100.000 182.96 3.1607 — 4 6.0184 — 7 9.4199
1O1.~~00 181.99 2.6375 5.0486 9.4770
102.000 181.90 2.1992 8.2116 9.4741
103.000 187.60 1.8393 3.4156 9.471
108.000 193.30 1.5468 2.7877 9.468
105.000 298.99 1.3074 2.2888 9.4652
106.000 204 .66 1.1103 1.6896 9.4623
107.000 210. 38 9.4728 — 5 1.5686 9.459’.
106 .000 216.07 8.1165 1.3086 9 .4564
109.000 221.75 6.9826 1.0969 9.4535

110.000 227. 44. 6.0 308 — 5 9.2366 — 8 9.4506
111.000 233.13 5.227 1 ‘.6110 9.4476
112.000 238.81 8.5867 6.632 ! 9.4447
113.005 21.8.9* 3.9117 5.5572 9.4416
114.000 260 .53 3.4906 4.6675 9.436
115.000 212.08 3.08~ 2 3.9502 9.435
11).000 283.62 2.7409 3.3666 9.4330

11.:il~ ~fl:H ~~~119.000 3 18.21. 1.9746 2.1610 9.42l~
120.000 329.17 1.784! — 5 1.8852 — 8 9.421!
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Table 12. Tables of the Monthly and Annual Kwajaletn Reference Atmospheres
(Cont .)

AUG REFERENCE ATMOSPHERE KWA JILEIN
- - ACC EI. DUE SOUND DYNAMIC

ALTITUDE TEMPERATURE PRESSURE DENS ITY TO GRAU TY SPEED V ’SCCSIT3
ION DEC K NE KGIN”3 M/!EC”2 H/SEC N ~ECFM”I2
0.000 304.62 1.5184 • 3 1.1555 • 0 9.7816 389.80 1.6678 — 5
1.050 296.30 9.0251 • 2 1.0606 9.7785 385.01 1.6285
2.000 2~~.65 1.1322 9.6272 — 1 9.7754
3.000 4 .136! 6.7187 9.7723 ~~ 1:t~.~4.000 •3253 7.8922 9.7692 334.9~ 1.7460
5.000 273.33 .5123 ‘.1276 9.1661 331.83 1.7170
6.05* ‘67.37 .~ ~~ 6.4251 9.7631 32? .7C 1.6873
7.050 ~E1.4S 5.7764 9.7600 324.1k 1.6573
8.000 254.27 3 :800~ 5.2067 9.1565 319.66 1.6211
9.000 247.11 3.3185 4.6784 9.75!! 315.13 1.5642

10.000 239.95 2.8864 • 2 4.190 0 — 1 9.7501 310.53 1.5468 — 5
11.009 232.03 2 .4995 1.7527 9 .7477 305.36 1.5049
12.050 224.08 2.1C37 3.346! 9.7448 350.06 1.4621
13.000 216.13 1.8459 2.9753 9.7415 294.71 1.4187
14.000 208.16 1.5730 2.6323 9.736!  289.25 1.3747
15.t ’08 200.24 1.3323 2.3178 9.7358 263.67 1.3299• 16.000 191.35 1 .1232 1.9826 9.7323 281.62 1.313!
1’.000 197.15 5.8573 + 1 1.6711 9.729! 281.46 1.312!
18.000 200.76 7.9750 1.3835 9.7262 284.0’. 1.3329
19.000 204.73 6.7876 1~1482 9 .7231 286.84 1.3553

208.69 5.7280 + 1 9.5611 — 2 .72~~ 289.60 2.3775 — 5
212.68 4.8177 7.9904 292.34 1.3996

22.000 214.71 4.1635 6 .7553 9:1140 293.75 1.4109
23.000 216.49 3.5580 5.7266 9.7109 294.96 1.4206
24.000 218.28 3.0860 4.8614 9.7079 296.18 1.8305
25.000 220.06 2.6105 4.1326 9.1046 297.36 1.4403
26.000 221.64 2.2402 3.5179 9.7018 296.58 1.4500
27.000 223.62 1.9248 2.9986 9.6987 299.78 1.4597
28.000  225.48 1.6559 2.5593 9.6957 300.97 1.4693
25.000 227.18 1.4264 2.1873 9.6926 302.15 1.4789

35.000 228.96 1.2301 4 1 1.8716 — 2 9.6656 303. 34 1.8684 — 5
230.74 2.0622 ~jfl6 9.6865 

~
g
~:i~ I:flfl232.51 9.1814 + C 6 9.6835

33 : 000  234.29 7 .9460 1:1615 9.6804 306.85 1.5169
34.000 236.01 6.8647 1.OI6C 9.6774 308.01 1.5263
35.000 237.84 

~:5s91 9.6713 10.32 1.5451
7468 — 3 9.674 ’. ~09. ’?  1.5357

3 6 . 0 0 0  239.62
37.000 2-42.57 4.5069 6.4756 9.666! 12.22 2.5605
36. 000 246.02 3.926 3 5.5626 9.6853 314.83 1.5185
39.uOO 249.47 3.429 2 4 .7687 9 .6622  316.63 1.5964
80.000 252.92 2.9992 4 0 4.1311 — 3 9.6595 316.01 1.6141 — 5
41.000 256.36 2.6280 1.5111 9.656~ 320.98 1.6316

3’ 9.653* 323.13 1.6493

~:~
gg ~i:~1 ~:E~t~ ~:U4~ 9.6501 324.63 1.6615

88.000 264.00 1.7850 2.3554 9.9411 325.72 1.6104
45.080 265.71 1.5723 2.0610 9.6441 326.81 1.6793
4.6 .000 267.54 1:il ~ 1:U~ :~ i~ ~~:U 1:t~87.000 269.31
48.000 270.15 1.0802 1.3929 9.6330 329.49 1.7012
49.000 270.15 9.5400 — 1 1.2302 9.6320 329.49 1.1012

50.000 270.15 8.42 59 — I 1.0665 — 3 9.6290 329.49 1.7012 — 5
51.000 210.15 7.4~2~ 9.5969 — 4. 9.6260 329.49 1.7012
52.000 268.26 ~.5 ~ 8.532~ 9.6229 328.34 1.6916
53.000 266.30 3 7.50
58.015 268.34 5 :J66 6.7d :~iZ~ I~:~ ~~~1.67 1
5 5 .0 0 0  262.35 4 .4985 5.9725 9.6139 328.?? 1.6622
56.000 2~9.4~ ~:~ fl 5.29~ 2 

~:flfl 
323.5~ 1.6523

I • 635957.000
56.000 ~53:~~ 3.0505 t:Ufl 9.6644 ~:~ 4 1.6168
S9.010 250.33 2.6723 3.7176 9.6019 317.16 1.6008
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Coat.)

AUG REFERENCE ATMOSPHE RE KIIAJALEIN
ACCEI. OIIE SOUND DYNAMIC

ALTIT U0 E TEMP ERATU RE PRE SSURE DENSITY TO GRAV ITY 5~~EEO V ISCCSITV
KM DEC K MC KG/M~~~3 N/SEC~~~2 N/SEC K SEC/N~ ’2

60.000 246.90 2 .3251 — 1 1.2947 — 4 9.3989 315.00 1.5$3~ 
— 5

61.000 243.46 2.0374 2.9152 9.5~ 59 312.61 1.56539.r00 2~~j~ 1.1744 ?.5ç5G 
~~ 

~ 310.60 ~~~~~~6 .000 2 1.5423 2 2 0! 338.30 1.5293
68.005 213:21 1.3376 ~~~ g:55J 306.14 1.5112
65.000 229.79 1.1561 j.1558 9.5839 303.86 1.4929
66.000 226.37 1.5004 1.5398 9.5609 301.61 1.4745
67.000 222.95 8,6234 — 2 1.3475 ~.5775 290.33 1.4560
68 .000  219.53 

i: ~~
769 9.5749 297.02 1.4374

69.000 216.11 6. 258 9.5715 294.70 1.4187

70 .000 212. 70 5 .4 8 7 0  — 2 8.9215 — 5 9 .5685 292.37 1.3998 — 5
71.008 209.28 4.6511 7,7421 9 .5660 290 .01 1 .3608
72.c00 205.81 3.9613 6. 7033 9.5630 287.63 1.3617
73.000 202.46 3 .3650 5.7901 9 .5600 285 .24
74 .000  199.05 2.6507 4.9892 9 .5570  282.63
75.000 195.64 2.4082 4.2862 ~.554C 28~ .39 1.3036
76.000 193.65 2 .0290  3.6500 9 .5510  276 .97  1.2922
77.000 193.65 1.7087 3.9739 9.54.81 270.97 1.2922
78 .000 193.65 2 .4392  2.,888 9 .54 5 1  278 .97 1.2522
19.000 193.65 1.2120 2.1004 9.5S~2i 278.97 1.2922

80 .000 193.65 ~~~~~~~~~ — 2 1.8365 — 5 
~~~~ 

‘78.97 1
81.000 193.65 — 3 1.5470 9.5!6~ ~78.97 ~~~ 

—

62 .050 193.65 7:243c 1.3031 9 .5 3 3 5  276 .97 1.2922
63.000 293.65 6.1024 1.0976 9.53cc 278.97 1.2922
84.000 193.65 5.1411 9.24.67 — 6 9.527! 278.97 1.2022
85 .000 193.65 4.3315 7.7921 9 .5243  276.97 1.2922
66.000 193. 65 3.6495 6.5651 9.5213
07.000 193.65 3.~79 5.5320 9.518’.

193.65 2. 4.6615 9.51!’.
193.65 2.1 6 3.9262 9.5124

96 .000 193.64 1.6402 — 3 3.3107 — 6 9 .5095
91.006 292.67 1.5502 2.6030 9.506!
92.~~00 191.70 1.3045 2.3113 9 .5036
91.000 190.73 1.0975 2.004 ! 9 . 5 0 0 6
94 .000 189.76 9.2224 — 4. 1.6931 9.4976
9 S . 0 0 0  186.79 7.7435 1.4269 9~ 4C4 7
96 .000 187.62 6.4963 1.2049 9.4917
97.000 166.86 5.4453 1.0152 9.4888
98 .000 165.09 4 .5604 8.546 ! — ‘ 9 .8658
99.000 164.92 3.6160 7.1889 9.4829

180 .000 182.96 3.1903 — 4 6.0417 — 7 9.8755
10i.~~00 162.99 2.6649 5.0733 9.4770
102.000 18’.89 4.2365 9.4741
103.000 169.49 3.4413 9.4111
108.000 194.09 1:5670 2.6125 9.4862
105.000 199.69 1.3253 2.3121 9.8632
106.000 205.29 1.1262 1.9111 9.482!
107.000 210.88 9.6118 — 5 1.5870 9.4594
108 .000 216.47 6 .2382 1.3258 9 .4564
109.000 222.07 7.0891 1.1121 9 .4535
110.000 227.66 6.1234 — 5 9.3702 — 9 9.4506
111.000 233.25 5.3063 ‘.9283 9.4476
112.000 236.83 4.6175 6.1352 9 .4447

5.6437k1~:8~8 ~~~ ~:t~il 4.7402
115.005 272.08 3.1332 4.0118 9.4359
116.000 263.62 2.7636 9.4330
117.000 

~U:fl ~:H~ ~:~ i5118.000
119.000 318.28 2.0056 2.1955 9 .8242
120.000 329.77 1.6123 — 5 1.9186 — 8 9.4213
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• Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Coat .)

SEP REFERENCE ATMOSPHERE KW*JAL EIN
ACCEI. DUE SOUND DYNAMIC

ALTITUDE TEMPERATURE PRESSURE OENSITi~ TO GRAVITY SPEED VISCCSITY
KM DEG K NB KG/N’~ 3 N/SEC~~~2 N/SEC K SEC/M”2

0.000 304.71 1.0102 • 3 1.1548 + 0 9.7816 349.97 1.6665 — 5
1.000 296.42 9.0195 + 2 1.0600 9.7705 345.1’. 1.8290

3~ ~~~ ~:?~1 - 

~~~ ~:~J 1:~ 1
4.000 279.19 6.3243 7.6912 9.7692 334.96 1.7458
5.000 213.35 5.5914 7.1259 9.7661 331.84 1.7111
6.000 261,44 4.9364 6.4222 5.7631 327.84 1.667
7.000 261.54 4.3355 5.7748 9.7600 324.20 1.658

— 6 .000  254.53 3.6003 5.2015 9.7569 319.132 1.6224
9.000 24.7.48 3.3191 4.6121 9.7530 31C.37 1.5861

10.000 240.44 2.1876 + 2 4.1637 — 1 9.7507 310.85 1.5494 — 5
11.000 232.43 2.5012 3.1486 9.7417 305.63 1.5010
12.”00 224.38 2.1557 3.3469 9.7446 300.29 1.4638
13.000 216.33 1.6479 2.9752 9.7415 294.85
14.006 258.29 1.5750 2,6341 9.7385 28C.32
15.000 200.25 1.3340 2,3207 9.7’S’. 283.62 1.3300
16.000 196.09 1.1284 1.9694 9.7i23 201.29 1.3108
17.000 196.65 9.4635 + 1 1.676! 9.729’ 281.12 1.3095
18.200 200.71 7.9782 1.31341 9.72E~ 264.01 1.3326
19.000 205.18 6.1516 1,1463 9.7231 281.15 1.3578

20.000 209.64 5. 734’. • 1 9.5292 — 2 9.1’201 290.25 1.3828 — 5
21.000 211.99 4.8840 13,0260 9.7170 291.68 1.3959
22.000 214.07 4.1666 6.7808 9.7140 293.31 1.4014
23.000 216.15 3.5662 5.7372 9.1169 294.73 2.4.18
24.000 218.23 3.0467 4.6636 9.7079 296.14 1.430
25.000 ~20.31 2e6113 4.1292 9.7048 297.55 1.4417
26.000 222.39 2.2415 1.5113 9.7018 296.95 1.4530
27.000 224.46 1.9269 2.9905 9.6987 300.34 1.4642
28.000 226.54 2.6588 2.5506 9,6°57 301.13 1.4155
29.000 226.62 1.4300 2.1791 9.6426 303.11 1.4866

30.000 230.69 1.2345 • 1 1.6643 — 2 9.6696 304.48 1.4977 - 5
31.000 232.77 1.0672 1.5972 9.6665 305.135 1.50138
32.000 234.84 9.2300 + 0 1.3704 9.6835 337.21 1.5198
3 3 . 0 0 1  2 3 6 . 91  6.057 1 1.177’. 9.6804 308.56 1.5308
38.000 236.99 6.9442 1.0130 9.6774 309.91 1.5411
35.000 241.06 6.0367 8.7269 — 3 9.6744 311.25 1.552
36.000 244.12 5 .2551 7•4993 9.671~ 311. 22 1.566
37.000 247.57 4,5522 6.4478 9.6883 31R .42 1.5866
38.000 251.02 4.0032 5.5557 9.6653 317.61 1.6044.
39.000 254.47 3.5039 4.7969 9.6622 319.79 1.6221

40.000 257.92 3.0726 + 0 4.1501 — 3 9.6592 321.95 2.639? - 5
41.000 261.36 2.6991 3,5977 9.6562 324.09 1.6511
l~2.00O 263.51 2.3747 3.1394 9.6531 32g•~,2 1.6650
43.000 264 .69 2.0910 2.7495 9 .650 1 326.21 2.674 9
84.000 266.2? 1.0424 2.4105 9.6471 327.12 1.6818
85.000 267.65 1.6245 2.1144 9.6441 327.96 1.6867

~:~S ~~ 1:fl~ i:~ i ~:~il ~*:~ ~~~48.000 269.65 1.1173 2.4435 9.6350 329.19 1.6.67
89.006 269.65 9.6654 — 1 1.2745 9 .6320 329.19 1.6987

50.000 269.65 8.7113 — 1 1.1251. — 3 9.6290 329.19 1.6567 — 3
51.000 268.85 7.6914 9.9613 — 4 9.6260 328.45 1.6927
52.000 265.69 6.7643 6.6886 9.6229 326.69 1.6799
53.000 263.34 5.9771 7.9070 9.629 325.32 1.667
54.00, 260.79 5.2596 ‘.0260 9.616 323.74 1.65’.
55.0 0 256.24 4.6228 6.2362 9.613 322.15 1.641
56.0~ 0 255.70 4.0360 5.52*8 9.610 320.36 1.625
57.000 253.15 3.5577 4.8959 9.601 318.96 1.61558.000 250 .60 3.1151 4.3304 9.1304 317.35 1.602
59.00 5 248.05 2.7239 3.825! 9.6014 31R ,73 1.5891
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont. )

SEP REFERENCE ATMOSPHERE KNAJAL EIN
ACCEL DUE SCUNC DYNAMIC

ALT ITUDE TEM PERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOS ITY
1CM DEC K NB KG/M~~3 M/SEC”2 H/SEC K SEC/N~~2

60.0*0 24~.51 2.3781 — I 3.3752 — 4 9.5965 314.11 1.5759 — S
61.000 242.73 2.0743 2.9771 9.5959 312.32 1.5614
62.000 239.30 1.8057 2.6287 9.5929 310.11 1.5434
63.068 235.68 1.5688 2.3169 9.5659 307.89 1.S253
64.0 50 232.46 1.3602 2.036 ! 9.5869 305.64 1.5072
65.000 229.04 1.1770 1.7902 9.5839 303.39 1.4889
66.000 225.62 1.0162 1.5691 9.5609 301.11 1.4705
67.000 222.20 8.7552 — 2 1.3727 9.5775 298.62 1.4519
68.000 218.78 7.5258 1.1983 9.5745 296.52 1.4333
69.000 215.36 6.434 0 1.0440 9.5729 294.19 1.4145
70 .000 211.95 5.5215 — 2 9 .0754 — 5 9.566 ! 291.85 1.3956 — S
71.006 200,53 4.7120 7.8717 9.5660 289.49 1.3766
72.000 205.12 4.0109 6.8119 9.5630 287.11 1.357S
73.000 201.71 3.4050 5.8806 9.5600 294.71 1.3382
74.000 190.30 2.8828 5.0645 9.5510 282.29 1.3169
75.006 194.89 2.8337 8.3504 9.5540 279.86 1.2993
76 .000 194.65 2.0513 3.6712 9.5510 279.65 1.2980
77.000 194. 65 1.7290 3.0945 9.5481 279.69 1.2980
76.000 194.65 1.4575 2 .6084 9 .5451  279.6! 1.2960
79.000 194.65 1.2266 2.1969 9.5421 279.6c 1.2980

80.000 198.65 1.0’5$ — 2 1.8537 — 5 9.5’91 279.69 1.2980 — S
81.000 194.26 8.7~ i2 — 3 1.5657 9.5~ E2 219.41 1.2956
62.000 193.76 7.3574 1.3227 9.5332 279.06 1.2930
83.000 193.29 6.1974 1.1110 9.5302 276.11 1.2902
04.050 192.61 5.2183 9.4287 — 6 9,5273 216.36 1.2674
8!.000 192.32 4.3923 7.9561 9.5243 276.01 1.2846
66.P00 191.83 3.6956 6.7111 9.5213

• 67 .000 191.35 3.1062 5.6567 9.5184
08.050 196.86 2.6131 4.749! 9.5154
89.000 190.38 2.1961 4.0166 9.5124

90.~~00 189.89 1.8449 — 3 1.3845 — 6 9.5095
91.000 189.81 1.549 3 2.889’ . 9.506!
92.000 168.92 1.3005 ‘.398 0 9 .503 8
93.000 188.44 1.0912 2.0173 9.5006
94.000 187.96 9.1526 — 4 1.6964 9 .4976
95.000 187.47 1.6137 1.4260 9.4941
96.000 286.99 6.4313 1.1982 9 .4927
97.00I~ 166.50 5 .3 6 7 6  1.0564 9.4868
98.004 166.02 4.5118 6.449 1 — 7 9.48S6
99. C00 165. 54 3.7167 ‘.0912 9.4829

100.000 185.05 3.1600 — 4 5.9489 — 7 9.479
101.000 184.57 2.6430 4.9686 9.477-
102.005 184.66 2.2098 4.1643 9.4741
i03.~J00 190.21 1.8532 3.3931 9.4711
104 .000 195.68 1.5620 2. 7009 9 .4 6 82
105 .000 281.06 1.3228 2.2916 9.465
106 .000  206 .49  1.1252 1.8983 9 .4 6 2
101.060 211.69 9.6114 — 5 1.5802 9.4594
106 .000 211.29 6 .2433 1.3216 9.4564
109.000 222.69 7 .0970 1.1102 9 .4535
120.000 228.09 6.1323 — 5 9.3662 — 6 9.4506
112.000 ‘32.43 5.3171 7•9334 9.4476
112.000 238.60 4 .62S6 6.7457 9.4447
113.000 248.96 4. 0406 5.6536 9.4416
114.000 260.53 1.5512 4.7485 9.4388
115.000 272.06 3.1387 4 .0160
126 .000 283.62 2.786S 3.4251 9.4. 310

~~~ fl~:#~ ~:~1fl119.000 318.24 2.6091 2.1994 9 .424
120 .000 329.77 1.815 5 — 5 1.9179 — 8 9.4213
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Table 12. Tables of the Monthly and Annual Kw ajaLein Reference Atmospheres
(Cont .)

..
. 

DCI REFERENCE ATMOSPHE RE KNAJA LETH
ACCEO. DUE SOUND DYNAMIC

ALT ITUDE TEPPERATU R E FRE5~ JRE DENSITY TO GRAVITY SPEED VISCOSITY
NW OEG K NE K0 /N”3 N/SEC”2 N/SEC N SEC/N~~ 2

0.000 364.46 1.0102 • 3 1.1557 • 0 9.7816 349.80 1.8671 — 5
1.000 296.2 ! 9.0182 • 2 1.060’. 9.7785 345.06 1.8283

~:~U ~~~ t:?~2~ ~:Pf~ ~ ~~~ ~ :fl ~~~4.000 h9.31 6.3236 ‘.6612 9.7692 335.03 1.7464
5.00$ 213.36 5.5509 7.1250 9.7661 331.45 1.1171
6.000 561.45 4.9300 6.4.21.5 9.7621 327.63 1.6677

— 7.C00 ~61.55 4.3332 5.77412 9.7600 324.21 1.8581
6.050 254.37 3.7999 3.2041 9.7569 319.73 1.6216
9.050 247.16 3.3183 4.6171 9 .7530 315.16 1.5644
10.000 239.95 2.6862 • 2 4.1903 — 1 9.7507 310.53 1.5466 — 5
11.080 232.12 2.4594 3.751± 9,7471 305.42 1.505’.• 12.008 224 .27 2.1336 3.3456 9 .7446 300.21 1.4632
13 .000 216.42 1.8463 2.9120 9.7415 294 .91 1.4204
24.000 208.58 1.5738 2.6286 9.7385 265.52 1.316C
15.000 200,73 1.3334 2.3141 9.73!’. 204.02 1.3327
16.000 135.56 1.1236 2.0016 9,7323 280.34 1.3032
17.000 195.15 9.44 ’ .! + 1 1.6859 9 .7293  260 .0!  1.3009

• 16.000 198.61 7.94.99 1.3940 9.7262 282.56 2.3210
• 19.000 202.54  6.1146 1.1549 9 .7231  285.30 1.3430

• 20.’~00 206.41 5.6896 + 1. 9,8029 — 2 ‘9.1201 26’ .01 1.364 7 — 5
21.000 2iC .21 8.8362 0.0125 9 .7270 290 .69 1.31363
22.000 214.13 4.1232 6,7079 9.7140 293.35 1.4076
2 3 . 0 8 0  216,45 3 .5238 5.6714 9.7109 29’ .93 1.4205
24 .000 216,53 3.0163 4 .8064 9.707! 296.35 1.~ 319
25.000 220.61 2.5856 4 .0632 9 . 704 6  297.15 1.443!
26 .000 222.69 2 .2 2 0 0  3.4130 9.7018 29° .1! 1.4586
27 .000 224.16 1.9086 2.9585 9 .6913 7  32’~.54 1.4659
28. 000 526.84 1.6836 2.5241 9.6957 301,93 1.4171
29. 000 €28 .92 1.4.172 2.1561 9.6926 3 0 ’ .31 1.4852

~0.0’ I0 230.99 1.2237 • 1 1.8455 — 2 9 .6896 304 .68  1.499! — S
J i .oü 233.07 1.0580 1.5814 9.6865 306 .0! 1.5104
32 .080 235.14 9.1601 4 0 1.3571 9.6635 307.40 1.5214
33 .600 237,81 7.9422 1.1634. 9 .6604  309 .14 1.5353
34.000  240.67 6.6981 9.9848 — 3 9 .6774  311.00 1.5506
35 .000 283.53 6.001! 8.5850 9 .6744 312.84 1.565
36.000 246.39 5 . 2 3 0 2  ‘.3945 9.671! 314.67 1.S RO
37 .000 249.25 4 .5655 6 .3609  9.6683 3i6.49 1.5953
36.000 252.11 3.9916 5.5155 9.665! 31~ .30 1.6100
39 .000 254.97 3.49 52 4.7156 9 .66 22  320.12 1.6246
40.00 0  257.63 3.065 ! + 0 4.1417 — I 9.6592 321.89 1.6192 — S
‘ .1.000 260.61 2 .6922 3.5976 9 .6582 323.67  1.6537
42 .000  283.54 2.366 0 3.1302 9.6532 325 .44 1.668
‘ .3.000 265.37 2 .0655  2.7377 9 .6502  326 .57 1.671.
44.000 266.55 1.8379 2.4020 9 .64 71 321.29 1.6032
45 .006 567.73 1.6201 2.1088 9 ,6441  32 8 .02  1.6691
46 .000 €66.91 1.430 0 1.8525 9 .6 .12 32 .74 1.6950
47.000 270.09 1.2624 1.620! 9 .636 0  32° .48 1.7009
48.000 270.65 1.1151 1.4353 9.6350 329.80 1.7037
49.000 270.65 9.8506 — 1 1.267! 9.6320 129.60 1.7037
50.000 270.65 8.7021 — 1 1.1201 — 3 9.6290 329.60 1.7037 — 5
51.000 269.85 7.6169 9.9368 — 4 9 .626 0  329.08 1.6977
52.000 266.89 6.1833 0.054! 9 .622 9 327.50 1.604C
53.000 264.34 5.979 3 ‘.6795 9.6199 32r~ 93 1.6722
58.000 261.79 5,264 2 7.0051 9.6169 324 .36 1.6593
55. Afl O 25Q.24 4.13,Qr 6.2204 9.6139 322.77 1.6484seJO0 25~.55 ‘ . .od4 5.5205 9.6104 321.59 1.6327
57.000 253.61 3.5658 4.8976 9.6075 31°.25 1.6177
56.000 250.67 3.1223 8.3392 9.604! 31~ .39 2.6026
39.000 287.73 2.1300 3.8390 9.6019 315.53 1.5878
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Table 12 . Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

DCI REFERENCE ATMOSPHERE KNAJALEIN
ACCEI. CUE SOUND DYNAMIC

*L7I~UDE TEMPERATURE FRESSURE DENSI TY TO GRAV ITY S~ EED V ISCOSITY
ION 066 K NB KG/M”3 M/5EC’~2 N/SEC N SEC/N~~~2

60.00* 248.80 2.383!  — 1 3.3917 — 4 9.5969 313.65 1.5722 — 5
61.008 241.67 2.0773 2.998’. 9.5959 311.65 1.3559 . -

• 62.000 238.05 1.8071 2.6445 9.5929 304.30 1.53
63.000 238.44 1.5680 2.3312 9.5859 306.94 1.51
68.001 230.82 1.3589 2.0515 9.5869 304.57 1.4964
85.000 227.20 1.1786 1.880! 9.4839 302.17 1.4790
66.00$ 223.59 1.0129 1.5781 9.5809 29°.76 1.4595
67.080 219.97 8.7136 — 2 2.3000 9.5779 29~ .32 1.4398
68.000 216.36 7.4760 1.2041 9.5749 294.67 1.4200
65.600 212.15 6.4014 1.0462 9.5719 292.40 1.4501

70.000 209.14 5.4655 — 2 9.1042 — ¶ 9.5669 239.91 1.3600 — 5
71.085 205.58 4.6539 7.6662 9.5660 287.43 1.36*1
72.000 203.63 3.9545 6.7652 9.5630 286.07 1.3492
71.008 201.60 3.3351 5.7954 9.5600 284.
74.000 199.73 2.6822 4.9573 9.5570 283.
75.000 191.78 2.4039 4.2362 9.5540 261.93 1.3159
76.000 295.8’. 2.0300 3.6110 9.5520 280.54 1.3048
71.000 195.65 1.7126 3.0493 9.5481 260.40 1.3037
76.000 195.65 1.4448 2.5726 9.5451 203.40 1.3037
79.000 195.65 i.219.1 2.1708 9.5421 280.40 1.3037

80.000 1C5.65 1.0266 — 2 1.0315 — 5 9.9391 280.4.0 1.3037 — 5• 61.000 i45.~~5 8.6795 — 3 1.5454 9.5362 260.40 1.3037
62.000 295.65 1.3242 1.3041 9.5112 230.40 1.3031
83 .000  195.65 6.1509 1.1006 9 .5302 28 C.4 0  1.3031
84.000 195.65 5.2164 9.2861 — 6 9.527’ 280.40 1.303?
85.000 195.65 4.4026 7.8391 9.S2’.~ 200.40 1.3037
66.000 195.65 3.715! 6.6165 9.521!
87 .000 195.66 3.1366 5.5640 9.5184
86.000 195.65 2,6478 4.1143 9.SIS4
89.~ 00 195.65 2.2351 3.9797 9.5124

90 . 0~~ 1 5. 5 1.8869 — 3 3.3591 — 6 9 .50 5
92.0~~ 1~Ii.~~3 1.5928 2.8465

193.47 1.3431 2.4103 9.5036
93.000 192.02 1.1311 2.0521 9.5006
94.000 190.57 9.5185 — 4 1.7393 9 .4976
95.000 189.11 1.9920 1.4724 9.4047
96.000 187.66 6 .7066 1.2449
97 .000 186.21 5.6190 1.0512 9 .4805
98 .000 184.16 4.7019 8.6655 — 7 9 .4850
99.000 183.31 1.929 2 7.4672 9 .4 629

190.000 181.66 3.278 9 — 4 6.2811 — 7 9.479’
101.000 180.41 2.7325 5.2763 9.4176
102.000 179.56 2 .2740 4.4120 9 .4 74
101.000 102.6S 1.6952 3.6188 9.411
104. 000 185.74 1.5 08’. 2.9718 9.488
105.000 106.63 t.32~~ 2.4512 9.465
106.000 191.91 1.11’. 2.0202 9 .483 3
107.000 195.00 9.4231 — 5 1.6634 9.4594
168.000 206 .00  7 ,9597 1.3396 9.456’ .
109.000 221.50 6.8618 1.0792 9.4535

110.000 234 .99 5 .9397 — 5 8. 6054  — 6 9.4506
111.00* 248.48 5.1834 7.2670 9.4876
112.005 21. .97 4.3562 6,0589 9.4447
113.000 2~~.85 4.0311 5.0982 9.4410
t1~ .036 288.93 3.5176 8.3257 9.4308
115.030 362.40 3.2100 1.69?! 9.4~ 3i10.U~0 115.67 2.6562 3.1631 9,4 3

ll~:~q ~7:U ~:Ull119 0 ‘42.69 .1’. .1612 9.4 4
120.200 341.49 1.9509 — 5 1.9558 — 8 9.4213
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmosphere
(Cont . )

.
. $06 REFERENCE ATII O ’ PHE~ E KWAJ * LE IN

*00 60. DUE SOUND DYNAMIC
ALTITU DE TEMPERATURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY

N~’ ~EG JO NE KG/If’S-! M/ SEC”2 N/SEC P. SEC/N”2
0.000 308.32 1.0099 + 3 1.1560 4 0 9.7616 349.71 1.8664 — 5
1.000 296.45 9.0156 4 2 1.059’ . 9.1765 345.16 1.6292
2 .000 295.81 8 .0232 9.6171 — I 9.175’. 341.66 1.
3.000 235.42 1.1333 9.7066 9 .7723 336 .68 1.
4.000 279.58 6.3236 7.679! 9.7692 335.20 1.1418
5.600 273.75 5.5917 7.1160 9.7661 331.88 1.7190
6.000 267.74 4.931! 6.4167 9.7631 328.02 1.66
1.000 261.72 4 .3370 5.7726 9 .7600 324 .32 1.65
8.000 254 .65 3 .8020 5.2012 9.7569 319.90 1.6230
9,000 247.55 3.3207 4.6731 9.7531 315.81 1.5864
10.000 240.45 2.8890 + 2 4.1857 — 1 9.7507 310.85 1.5494 — 5
11.000 232.53 2.5026 3.7492 9.7477 305.6! 1.5075
12.000 224.58 2.1570 3.3460 9.7446 300.42 1.4646
13.000 216.63 1.8494 2.9740 9.742! 290.06 2.421
14.000 208.68 1.5766 2.6319 9.7385 269.59 1.377
15.000 202.59 1.3366 2.2966 9.735’. 285.34 1.3833
16.000 196.64 1.1279 1.9982 9.732! 281.11 1.3094
17.000 193.15 9.8723 + 1 1.7064 9.729’ 279.61 1.2993
1 8.000 195.11 7.950! 1.4192 9.1261 28~’.06 1.3009
19.000 200.12 6 .6584 1.1660 9.7231 28’ .59 1.3293
2 0.000 20 5 .00 5.6612 4 1 9.6269 — 2 9 .720 1 287.08 1.301! — S
21.000 210.04 4.6142 ‘.9650 9.7170 29~ .53 1.365
22.000 212,73 4.102’. 6.7160 9.7140 292.39 1.400
23.’)OO 215.11 3.5022 5.6718 9.7109 294.02 1.4132

• 24.300 217.49 2.9952 4.7977 9.7679 290.68 1.4262
25.000 219.86 2.5661 4.0660 9.ic’.e 297.25 1.4392
26.000 222.24 2.2022 3.4521 9.7018 296.85 1.4521
27.000 228.61 1.8931 2.9362 9.6987 300.44 1.4650
28 .000  226.98 1.6300 2.5017 9.6957 302.02 1.4776
29.-~00 229.16 1.4058 2.1352 9.6926 103.60 1.4906

30 .000 231. 7 3 1.214! 4 1 1.625! — 2 9.6696 305.16 1.5033 — S
31.000 234 .10 1.050S 1.5632 9.686! 306.72 1.5159
32 .000  236.39 9.1012 4 0 1.3412 9.6 135 308.22 1.5201
33 .00 0  2313.66 7.696’ .  1.1526 9 .6804  30° .10 1.5400
34 . 00 0  240.9 1  6 .8806  9.9198 — 3 9 .677’ .  311.17 1.5520
35 .000  243.20 5 .9 660  8.5490 9 .674 ’ . 312.63 1.5631
3 6 .0 0 0  245.47 5 . 1599 7.3795 9.671! 314 .08 1.5157
37 .000  24 7 .74 4 .535°  6.3704 9 .660!  315.53 1.567’.
38.000 260.01 3,9619 5.5206 9.665! 31~ .97 1.5592
39 .0 00  252 .27  3 .4 64 8  4 .7841 9 .6 6 2 2  316.41 1.6108
4 0 . 0 0 0  254.54 3 . 0 3 3 9  + 0 4.152! — 3 9.6592 319.83 1.6224 — 5
41 .000  256.80 2 .6598 3 .6002 9 . 6 5 62  321.25 1.6340
42.000  258.88 2 .3345  3.1416 9 .653 1 322.55 1.6446
83.000 260.85 2.0513 2.7395 9.6601 323.77 1.6545
4 4 .0 00  56 2 .62  1.8041  2.3911. 9 .6 47 1  324.99 2 .664 5
45.000 €64.79 1.5064 2.0b97 9.6441 326.21 1.6784
46.000 266.75 1.3998 1.6260 9.6411 327.42 1.6882
47.000 268.7? 1.2348 1.6008 9.63130 3213,62 1.694.
4 0 . 0 0 0  269.65 1.0901 1.4083 9 .6350  329.19 1.698
49 .0 00  269.65 9.6251. — 1 1.2435 9.6~~20 329.19 1.6987
5 0 . 0 0 0  269 .65 8 .45 94  — 1 1.0981 — 3 9 .6 2 90  329.19 1.6967 — S
5 1 .000  268.58 7 .5044  9 .7336 — 1. 9 .6260 320 .54 1.6934
52 .000  266.33 6 .6202 8 .6596 9.6229 321.1’ 1.6
53 .000  264.07 5.9342 1.6967 9.6199 325.71 1.6
58 .000  261.81 5.136 2 6.8342 9 .6269 324 .37 1.6S94
55.000 259.56 4.5169 6 .0623 9.6 139 322.91 1.6480
56.000 257.08 3 .9678 5.3767 9.6109 321.43 1.63c4
07 .000 258.2’ . 3.480~ 4.7695 9.6079 319.85 i .62O9
5 8 . 0 0 0  251.40 3 .049k 4 .2254 9.6049 3j7 ,53 1.6064
59 .00 0  248 .56 2.6613 3 .7303 9.6019 316.06 1.5917
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres ‘
(Cont.)

NOV REFE~~NCE ATMOSPHERE KNAJALEIN
• A~ CEL DUE SOUND DYNAMIC

AL1!TI~ E YEPPERAT URE PRESSUR E XNSITY TO GRA 8ITY SPEED V ISCCSITY
KM DEG K NO KG/N”3 M/SEC”Z N/SEC N SEC/N”2

— 60.000 245.72 2.3297 — 1 3.3029 — 4 9.5989 314.25 1.5770 — 561.050 242.78 2.0317 2.9154 9.5959 312.36 1.5616
62.089 239.55 1.7606 2.5723 9•5930 310.21 1.5487
63.000 236.32 1.5310 2.2658 9.5854 300.18 1.5277
64.000 233.10 1.3332 1.9924 9.5869 306.07 2.5106
65.000 229.87 1.1541 1.7490 9.5839 303.94 1.4933
66.000 226.65 9.9705 — 2 1.5325 9.5009 301.80 1.4760
67.000 223.42 8.596! 1.3404 9.5175 299.65 1.4586
60.000 220.20 7.3955 1.1701 9.5749 297.48 1.4411
69.000 216.98 6.3493 1.0194 9.571! 295.29 1.4234

70.000 213.16 5.4387 — 2 8.8636 — S 9.5685 293.09 1.4057 — 571.000 210.56 4.6880 ‘.6900 9.5660 290.89 1.3879
72.000 207.93 3.9630 6.6410 9,5630 289.07 1.3732
73.000 265.29 3.3736 5.7247 9 .56 00 287.23 1.3585
14.000 202.66 2 .8655 4.9256 9.5570 28~ .39 1.3436
15.000 200.03 2.4208 4.2299 9.5540 263.53 1.3267
76.008 197.40 2.054! 3.6253 9.5510 281.66 1.313?
77.000 197.15 1.735! 1.0664 9.5481 281.48 1.3123
70.006 197.15 1.4660 2.5904 9.51.51 281.48 1.312!

~ 
. 19.000 197.1! 1.238 5 2.1684 9.51.21 281.48 1.3123

00.000 197.1! 1.0463 — 2 1.14.89 — 5 9.5391 281.46 1.3123 — S
81.000 197.15 5 .8405  — 3 1.5621 9.5362 281.48 1.312!

• 82.000 195.81 7.466’. 1.3284 9.5332 280.52 1.3046
83.008 194.06 6.2970 1.1304 9.5302 279.26 1.2946
84.000 192.31 5.3029 9.6060 — 6 9.5213 218.00 1.2945
85.000 190.56 4.4509 8.151! 9.524! 276.73 1.2744
86 .000 188.81 3.1434 6.9066 9.5213
87.000 288.63 3.1393 5.7977 9.5181.
58.000 189.41 2.634! 4.8451 9.5154
89 .005 190.18 2.2122 4.0521 9.5124

90.000 290.96 1.8591 — 3 3.3916 — 6 9.509~91.000 191.74 1.5636 2.84~~t 9.506~92.000 191.70 1.3159 2.391! 9.5036
93.000 190.73 1.1067 2.0214 9 .5006
94 .000  169.76 9 .3000  — I. 1.7073 9.4976
95.600 188,79 7 ,6007 1.4405 9 .4987
96 ,000 187.82 6 .5510 1.2150 9.4911
97 .000 186.80 5.4912 1.0237 9.4868
98,000 185.89 4 . 5 5 8 8  8.6185 — 1 9 .4858
99.000 184.92 3.6482 7,2494 9.4529

100.000 183.96 3.2172 — 4 6.0926 — ‘ 9.4799
101.000 182.99 2.6873 5.1160 9.4770
102.050 182.48 2 .2820 4.2816 9.4741
103.000 164.99 1.8140 3,5291 9.4711
101..oOO 107.50 1.5658 2,9167 9.4682
10 !.000 190.01 1.3182 2.8167 9 .465
156.000 192.52 1.109! 2.0076 9.462
107.000 195.03 9.3593 — 5 1.6718 9.4594
108.000 208.00 7.9455 1,3301 9.4564
109.000 221.50 6.6154 1.0715 9.4535
110.060 234.99 5.8995 — 5 6.7458 - 8 9.4506
111.000 248.48 5.1403 7.2170 9.447
112.000 261.97 4.S254 6.0179 9.444
113.000 275.45 4.0036 5.0837 9.441
118.000 288.93 3.5633 4.2964 9.438
115.000 302.40 3.1883 3.6729 9.4359
116.000 315.87 2.8666 3.1616 9.4330

~~~ ~ :U ~:~ fl119.000 342.69 2.1311 2.16 1. 9.424
120.000 347.49 1.9377 — 5 1.9426 — 8 9.8213
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
• (Cont.)

‘ -
. 9EC REFE~~NCE AT NO~~WERE KNAJA LEIN

ACCEI. DUE SCUNO 0!NANIC
ALTITUIF TENPO*$TURE PRESSURE DENSITY TO GRAVITY SPEED VISCOSITY

KM ~~0 ~ NI KG/N”3 NFSEC”2 N/SEC N SECIN~~ 2
s.a~, ~~4.93 14398 + 3 ~45T~ 4 0 9.78~~ ~49.49 1.4443 — 5
1.Ouu zis. 69 9.uia0 + 2 i.u8is i.77s, .,..4.72 1.5i55

~~ ~1~:H 9:t~~ ~:t~f~ ‘ ~~~ ~~~ f:~i
4.0’S 279.~ 6 6.~~24 7.8674 9.7692 335.8’ 1 •740
5.0~, 274.i9 5J~16 7.1S69 9.7661 331.84 1.7261

~:gJ ~fl:li ~:HH ~:~ fl ~:~til ~~~ k:~2fl
6.050 234.9S 3.5933 5.1970 9.7569 320.69 1.6245
4.000 247.94 3.3224 4.6682 9.7530 315.66 1.5885

10.000 240.94 2.0913 4 2 4.1004 — 1 9.730? 311.17 1.3520 — 5
11.00* 232.93 2.5052 3.7467 9.7477 305.96 1.5897

2.00$ 224.88 2. 598 3.3 58 9.744 300. 2 1.4065

~~ ~ :fl 1:hH ~:~ Z1 ~~ ~:h ~:~c~t
15.000 200.75 1.3380 2.3219 9.7354 204.03 1.3328
16.000 105.56 1.1275 2.0085 9.712! 280.3’ 1.303
17.033 142.~~ 9.46~7 4 1 1.7lIj 9.7~~3 270.24 1.286
18.05u 194.br 7,~3’~3 1.4~us 9.72s2 219,75 1.2981• 19.000 199.62 6.6657 1.1667 9.7231 203.24 1.3264

20.000 204.58 5.6541 • 1 9.6281 — 2 9.720 1 286.13 1.3545 — 5
21,000 209. 54 4.8012 7.9824 9.7176 290.18 1.3822
22.008 214.49 4.0928 6.6474 9.7140 293.59 1.4097
23.060 216.69 3.4988 3.6240 9.7109 295.10 1.4219
24.00$ 218.46 2.9950 8.1157 9.7079 296.31 1.8316
25.000 220.26 2.5672 4.0654 9.7048 291.52 1.4814
2-6.090 222.04 2.2033 3.4569 9.1018 298.72 1.45
21.000 223.82 1.8934 2.9410 9.6987 299.91 1.86
25.000 225.60 1.6291 2,5157 9.6957 301.10 1.4704
29.008 227.38 1.4035 2.1502 9.6920 302.29 1.8800

30.010 229.16 1.2115 • 1 1.8493 — 2 9.6896 313.47 1.4895 — S

1~:~U H&?~ :flfl + a ~~~ ~% : ~ 1:~fl~33.000 235.16 7.8236 1.1590 9.6808 307.42 1.5215
38.000 237.63 6.7840 9.937 — 1 9,6778 309.15 1.5356U:~8~ ~t:~ ~~~ ~~~~~~ 3ll:~3 1:~tU37.000 245.02 4.4660 6.3291 9.668’ 314.30 1.5775
38.000 280.48 3.8971 5.4637 9.6053 316.90 1.5913
39.000 252.18 3.4057 4.7243 9.6622 311.65 1.6050

40.000 253.00 2.9807 4 0 4.0913 — 3 9.6!q2 319.37 1.6106 — 5
41.011 256.46 2.6124 3.5407 9.6562 321.63 1.6322
42.000 255.11 2.2529 1.6027 9.6531 122.69 1.6458
83.011 261.17 2.0150 2.6871 9.6501 323.97 1.6562
44.000 ?62.14 ~.773~ ?.3491 ~.$471 325.0* 1.6~~645.030 ~64.52 i.5~ u~ ~.75~I ~.6441 326.0k 1.6730

~ :U 1:h~c 1:sU~ 9:~ il 1~ :k 1:UU
48.0  $ 260.63 1.0098 1.301. 9.6350 328.38 1.6931
49.066 268.65 9.4419 — 1 1.2241. 9.6320 328.50 1.6931
50.661 266.65 8.3334 — 1 1.0006 — 3 9.629 328.50 1.6937 — 5
51.005 261.40 7.3543 9.5812 — I. 9.826 327.61 1.6815
52.00$ 2*4.7~ 6.48313 8.5318 9.622 326. 8 1.674

~:fl fl~:U :~IU ~:t~i ~~ ~55.06 256.80 8.4090 5.98 9.13 3 32 • 5 1.634

~uu
59.006 286.22 2.5893 3.663 9.60 1 314. 13 1.5 9
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

DEC REFE~~ NCE ATMOSPHERE KNAJALEIN
ao~a DUE SOUND DYNAN

ALT!TUSE YEPPE~ AYUQE PRES~~JRE ~ENSI1Y TO ORAV1TY SPEED VISCOSIN DES K 008 X6lN~~3 Ni’SEC”2 N/SEC N SEC/N ~
t 0.063 243.50 2.OSfl — I 3j315 — 4 .5 

~! ~ 
.87 .5658 — 5

t~ill PI~i’ !~i~ ~~~~~~ ~~~~~~ ~~~~~~ !~IU
64.0 3 • 2 •2119 1.9269 9.506 3513.01 1.5101
65.0 .30 • 15 1.6874 9.5 39 304.27 1.4962~:d1 

~~~~~ ~:bil z 
~~~~~~ ~:;hi ~$2:J

68.9$ 2 2.46 7.17J 9 ~.t~29 9.519 2~~.SS 1.4534
69.0 219.83 6.16 1 .7 31 5 9.511 2 7.23 1.8390
71.Ofl 217.19 5.2948 — 2 8.4919 — 5 9.5685 295.44 1.4246 — 5
71.G~~ 218.57 4.53~9 7.3661 9.5136~ 29345 1.4101
1g .Ouv 212.13 3.88.9 6.373’ 9.583. 291.i7 1.39613

• il~fl ~:~fl ~2:U
~ 
.
~ 

240 3 9~~S4I 2969 135 8n~O J~d ~~ U~~~~ 3! ~~~~~~~~~~~79.010 199.65 1.239 8 2.1633 9.5421 283.26 1.3266

00.030 199.65 4.9497 — 2 1.8345 — 5 94391 293.26 4.3~~ 6 — 581.0u0 1~~.65 u.~ 8r3 — 3 4.55.7 9..3.2 2s3.2e i.3~ s6
62.000 199.65 1.s~~2 i.3131 9.5332 283.26 1.3266
83.000 199.65 6.3721 1.1119 9.5302 283.26 1.3266
68.000 196.62 5.3948 9.4610 — 6 9.5273 282.52 1.3207
85.000 197.16 4.5046 8.060! 9.5243 261.48 1.3124
06439 195.1~ 3.85i7 6.85$~ 9.5213
87.uuu 1 .2. 3.25 1 5.8288 Q .5j14
88.000 142.19 2.?J4 4.9462 4.51~489.000 191.34 2.3044 4.1956 9.5124

H1V fL~:’$ 11~I~ 
— ~~ - 6

i~7J0 i.3L11. ~.3~I4.0.0 186.73 1.1424 2.1~ t 3 9.5.06
98.0~ l 185.76 9•61345 — 4 j.7037 9.4076
95.0~3 i3~.79 •.#U5 4.5~32s6.0 • 153.0~ 6.~oa 3 1.2b1 t ~.4 I91.000 182.66 5.5111 1.0637 9.4008
98.000 181.89 4.6571 8.9207 — 7 9.4658
99,006 18u.92 3.8821 7.4750 9.4629
1 0.000 17

~
.6 ljl

~~ 
— 4 6.981 — 7! I

~~1I i1t!~~ ~~gIIz
1 5. I .43 1.3 3~ 2.40*8 9,4J
~~ 

-

t 2 1.50 6.7294 1.0 88 9.453*

i10.0’~ 236.99 5.8251 — 5 8.6 55 — 8 9.45.oii 21.I.4~ 5.6 14 7. ~~~tll~ot ~~~~~~~~~~~~~~ ~~1 5.6 I • 6 1 3~ 9.4 51it~f II II~iI ~II!I120.011 347.49 1.9133 — 5 1.9181 — S 9.4213

- 
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Table 12. Tables of the Monthly and Annual Kwajalein Reference Atmospheres
(Cont.)

ItAN AN4UAL. REF~ERENCE ATNOSSNERE KNAJAL EIN
.
. a~a CUE SOUNC DYNA MIC

ALTITUOF TEWP~~ATURE eRESSURE DENSITY TO GRAVITY SPEED VISCOSITY
MN DEG K MS KG/N’ 3 KFSEC”2 N~ SEC N SEC/N”?
0.019 3!~.9~ 4.0133 4 3 14576 • 0 9.7~46 349.33 i.4~5i — 5
1.611 2~5.~ r ~.I1sl 4 2 I.u61.8 ~.7r.5 344.u~ 1..~64~~ ~~~ ~~il2 ~~~~~~ 

i. 
~~~~~~ ~:u4 13 54 

* 
3237 7.5506 9.78 335.17 1.74 6

5. ,J.7O .5 I 7.1 7’ .76 33 .65 1.? 8
,
~~p t*~

:
~

? 
~~~~~~ ~~

#
~*1 ~:c* ~ ~~~ 1:t~~8 0 34.71 3 5522 5 2 0  9.75 319 4 1 6 2 3

9.000 247.58 3.3209 4.6729 9.7530 315.43 1.5866
10.000 240.45 2.5893 4 2 4.1061 — I 9.1507 310.85 1.5494 — 511.009 232.53 2.5027 3.1496 9.7477 305.69 1.5075
q.010 224.58 2.1572 3.3463 9.7448 300.42 1.4648
lz:gfl ~~~ 1:*~~ ~~~ ~:c~il ~~:fl 1:~H15.08$ 202.13 1.3361 2.3037 9.1354 205.51 1.3406
16.000 195.61 1.1271 2.0067 9.7323 288.42 1.3039
17.000 195.15 9.4742 4 1 1.6913 9.129! 280.05 1.30
18.000 196.60 7.966 3 1.4101 9.7262 281.23 1.31
19.000 290.01 6.7103 1.1652 9.1231 288.12 1.3335

20.000 204.93 5.6855 4 1 9.6648 — 2 9.7201 286.18 1.3565 — 524.033 309.35 4.8275 8.9468 9.1179 28941 1.3192
2~.0y~ ~~~~~ f~.I1.~1 6.r236 9.74~~ 292.91 1.

~6483.001 2 •~ ~,.5 ~ 5.6565 .7i0~ 294.oo 1.8~uth:~ ~Ij:1~ ~~ ~~~ ~:~I ~:u 1:t~?~~6.0Oi ~ .~~ 2.2122 ~.4667 ~.7 I 290.?0 1.495
7.0 24. 8 f 9~15 2.9536 .6987 300. 2 1.46 3

~ 
1.or ~26d6 .6 67 2.5200 ~ .6957 301.54 1.473
9.0 0 28.24 1.4107 2.1532 .6926 302.66 1.484

30.Al0 231.21 1.2t75 + 1 1.8424 2 9.6~~6 304.11 1.4052 — 5
H.ôQ9 fl2.49 4.~~24 4.5786 ‘I.6t

~~ ~~~~~.,c.Ouu ~~4.i7 ,.il4i • 0 i.3544 ~.6 ~ 306. rr i.~1o33.000 236.14 7.8876 1.1636 9.6004 308.06 1.526
38.000 216.11 6.0421 1.0015 9.6774 309.34 1.5371

~:8~ ~kU ~:fl~* ~:~fk ~ ~~~ ~1~:ft37.00$ 243.72 4.4022 6.3021 9.6633 314.2k 1. 1
38.009 240.68 3.9288 5.5037 9.6653 316.13 1.592
39.00• 251.64 3.4341 4.7542 9.6622 318.00 1.6076

40.000 254.59 3.0065 + 0 4.1140 — 3 9.65~ 2 319.87 1.6227 — 5
41.005 257. 5 2. 3 4 3.5660 9.6562 321.72 1.6378

~~~~ !i ~:h ~~ ~:*q1 I~:~ 1:*U*44.033 2134.57 1i930 ?.~691 944 1 326.4~ i.67~ 0
45.080 266.05 1.51~7 ~.u 6o, ~.~441 326.~o 1.68.7

~~~ flLt~ 1:ilil t:*~~ ~:fl~ ~~~~0.C90 279.15 4.3349 4.3993 9.63 3 329.49 1.7 12
49,000 275.15 9.5815 — I z.2~ ss ~.632u 32°.49 1.1012

50.010 270.19 0.4625 — 1 1.0913 — 3 9.629 329.49 1.70*? — S
54.038 259.22 7.4738 9411! — 4 5.629 329.93 1.
~i.q I p57.39 ~~~~ 8..9n 9.62~ 32r.L3 1.

Z fl3:U ~:t~ll ~:tU U*:~! 1:
38. 61.30 4.519 • 97 • 13 3 4. 1. 57111 1 hpu ~j id Ilin I~1u th!ll 14~59.011 24 .61 2. 727 3.7302 9.601 316.72 1.5571
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— Table 12. Tables of the Monthly and Annual Kwajaletn Reference Atmospheres
(Cont.)

I~~AN ANKUAL REFERENCE AThOSPNERE KNAJALEIN
A~~EL DUE SOUND DYNAMIC

ALTITUOE TEMPERATURE 5815513*8 O(NSITY TO GRAVITY SPEED VISC OSITY
KM DEG K MS K6/H”3 N/SEC”Z N/SEC N SEC/N”2

60.085 246.28 2.3355 — 1 3.3035 — 4. 9.5169 314.65 1.9199 — 561.000 242.99 2.6171 1.9210 3.5959 312.47 1.5623
H:gU H~:t~ 1:~Z1~ ~:B!~ :U~ ~I:~ ~~~64.050 ~3~.9t .33$1 

k1* 
9.5869 3j5.p 1.9

~
.;
~ j i ~~~~~~~~~~ 

:
~hI _ 2 1~3ZiI ~ flI ~~

~ 
8.0 0 21~.~~7 

7.4~~~6 1~~9 ~ 574~ 2 T .
~
3 I 4363

9.000 21 • 6.3 6 •123 9.571 2 4. 8 1.4201

70.800 213.05 5.4441 — 2 0.9110 — 5 9.5605 292.61 1.4018 — 5
71.009 2 9.74 4.6559 7.1~ 35 9.5660 290.32 1.3634
7~2.0Iu 2 6.08 3.962., 6.6(22 9.5630 2.8.34 1.3674
73.00 0 2 4.44 3.3698 5.7421 9.5605 286.63 1.3537
74.03$ 2 ~~~ 2.6695 4.9334 9.5575 204.92 1.3399
75.599 4 i.,, ?.42~ 5 4.2~9s 9.5549 283.53 i.32~76.0.. 1 ‘.95 2.0495 3.6v~ 9 9.551u 282.05 1.316

~:SII I ~:*t 1:Z~il ~:Ut~ ~:R~ il1:~ 1:I1~
1

79.0 196.49 1.2356 2.191 9 542 281. 1.3 5

30.000 19f4I I44~2 — 2 1.954? — 5 9.9391 280.66 1.3057 — 5
.1.000 1~,.si $.o0~ r — 3 I..664 ~~~~~~ 280.31 1.3029
82.000 155.03 7.4266 1.3266 9.5332 279.96 1.3001
61.000 194.34 6.2626 1.1~ 1~ 9.5392 219.91 1.2914
84.999 j~4I9 5.2794 9.4s.u~ — 6 9.92~ 3 279.26 14946
85.uuu i~~!.5, 1.,44s~ ..005 , ~ ..243 27~~.91 I.c~ 18
66.000 193.08 3.7409 6.7603 9.921!
07.000 IQ .60 3.1 9 5.7065 9.5104
80.9~9 1~~.4I 2.9~~ 8 444~~59.u , I t.e.~ 2.244~e 4.~ ez~ i.5i 1.

90.005 191.14 1.6790 — 3 3.4246 — 6 9.5095
91.000 190.66 1.3791 2.8864 9.506!
92.000 189.70 1.321! 2.4314 9.5036
91.000 186.73 1.1143 2.9567 9.5006
94.000 117.76 9.3463 — 4 1.7341 9.4976
95.000 186.79 7.8329 1.460* 9.498
96.000 185.62 6.5589 1.229* 9.451
97.000 184.86 5.4173 1.0341 9.4888
90.000 163.69 8.5*68 8.6894 — 7 9.405a
99.000 182.92 3.8306 7.2953 9.4029
100.000 181.96 3.1963 — 4 6.1195 — 7 9.4799
1 .0 0 18 .99 2.6645 5. 287 .4770
kI~~:th il~:fl !:~fl
108.000 160.05 1.5526 2.8649 9.4662
115.011 19-1.65 1.3062 2.3595 9.865?
UP:gfl flt:U ~~~ — ~~118.011 210.70 7.9615 1.3164 9.4 1.
109.010 220.72 0.8339 1.0786 9.4535

110.ISI 230.79 5.9082 — 5 1.9160 — 8 9.4556
111.036 290.77 54394 1.4349 9.447
112.0~q 2.6.79 4.~927 6.29!!
113.Oqu 262.So 3.9s20 5.2475 9.4
114.000 275.57 .4974 4.421 9.4
tis.0k $ .27 I.~ ~ 3.761~ 9.4

tt~m I~I~~~ ~~h11 005 331 51 2 1416 214 ’ 4 4
120.005 339.39 1.6313 — 3 1.9563 — 8 5.4223
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A ppendix A
Kwajalein Wind Distributions

1. INTRODUcTION

Wind statistics for KMR are presented for the midseason months for altitudes
up to 60 km. Included are distributions of scalar wind-speed means and standard
deviations of the east/west and north/south wind component s and interlevel corre-
lations of the components.

A more detailed upper wind climatology for KMR at altitudes up to 30 km is
provided in a 1972 report by Edstrom and Quayle. * It describes the quasi-biennial
oscillat ion of easterly and westerly wind regimes and provides monthly and annual
tables of scalar wind speeds, zonal and meridional wind components, and wind
shears.

2. SCALAR WIND SPEEDS

Selected percentile values of the scalar wind speeds for altitudes up to 60 km
are given for the midseason months in Table A- l .  Profiles of the 50, 90, 95, and
99 percentile scalar w ind speeds for January and July are plotted versus altitude

*Edstrom E,E .,  and Quayle, R.G .  ( 1972) Wind Cl imatology at Kwajaletn Test
Site, Kwaj aleln, Marshall Islands, unpublished report for U. S. Army Safeguard
Systems Command, Huntsville , - AL.
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• in Figure A- i .  The 99, 95, and 90 percent values all increase with altitude up to
50 km in January, decrease from 50 to 54 1cm, and then increase to maximum

. 
values at 60 km. The July scalar wind speeds are greater than those in January,

- 
• w ith the maximum speeds occurring near 48 km.

El: . 3. WIND COMPONENTS AND INTERLEV EL CORRELATIONS

~; 
Arrays of means and standard deviations of the east/west (u) and north/ south

- (v) components of wind , together w ith interlevel coefficient s of correlation of the
u component with the u component and the v component with the v component , are
presented in Tables A-2 and A-3 at 2-km intervals, surface to 60 km, for the
midseason months at KMR .

• The mean effect E of winds on the trajectory and impact po int of ballistic re-
entry vehicles can be determined for a specific location (by computer flights
through mean monthly or seasonal wind profiles) if the proper influence coefficients
(c i) for the reentry vehicle at various levels are given:

E ~ ~~~~

E E c ~~ t

where and 
~~ 

represent the means of the east/west and north/south component
w ind speeds, respectively, at the ith level. The integrated standard deviation
(cia or C’v

)  of the wind effect caused by day-to-day fluctuations in the u and v com-
ponent of the wind can be found from:

= 

~~ 
c~ ~~ 

r~3 
C

3

where 
~i and c~ are influence coefficients at the ith and j th levels, 

~~ 
and are

the standard deviation of the component w inds at these levels, and ~~ is the
correlation between the component wind at the ith level and that of the j th level.
This yields the standard deviation for each component of the ballistic wind. These
can be combined snd used to determine the probabilit y of occurrence of deviations
of various magnitudes from the trajectory or Impact point .
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A ppen dix B
Kwajalein Temperature and Density Distributions

Arrays of means and standard devtations of temperature and density, together
with interlevel correlations of temperature w ith temperature and density wit h
density, are presented in Tables Bi and B2 at 2 -km intervals , surface to 60 kin4
for January, April , July, and October at KMR.

The mean effect E of density on the trajectory and impact point of a ballistic
reentry vehicle at KMR can be obtained by computer flights through the mean
monthly density profiles, given proper influence coefficients (c 1) for the reentry
vehicle at various levels:

E = E c~ ~~

where 
~~ 

represents the mean monthly density at the ith level. The integrated
standard deviation (a) of the miss distance due to day-to-day fluctuations In the
densit y can be found from:

a2 = 
~~~ 

c1 a~ ~~ c
3 

a~ ~

where c1 and c. are influence coefficients at the ith and jth levels, a1 and a~ are
the standard deviations of the density at these levels, and r 1~ is the correlation
between the densities at the ith and jth level.
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The influence coefficient s c 1 and c
3 

for a given re-entry vehicle can be ob-
tained by computer flight through the standard atmosphere and then again through

I the standard atmosphere with each 2 -km layer perturbed separately (for example,
perturbed by 5 percent of the standard atmosphere density) .
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A ppen dix C

~ Index of Refraction (Mean Values)

~ 
The refractive characteristics of the atmosphere should be considered if

~ 
radars or optical systems are used for the tracking or guidance of high altitude

- 

vehicles. Below the ionosphere, the atmospheric index of refraction at micro-
-

- 
wave and optical frequencies is primarily a function of pressure, temperature5
and water-vapor pressure. The standard expressions * used to compute atmos-
pheric refrac tivity for radar and optical frequencies as functions of temperature5
pressu re , and humidity are as follows:

For Optics: N 79. 334 ~~~ 
- 

~~~~~~~~~~~

For R adar: N ~ 77. 6 ~~~ - ~~~~~~ + (3.75 X 105) 2 16 .7 T ‘

w here

N = refract ivity r (n - 1) )( io 6 where n = refractive index

P = pressu re in m il libars

S 
T = temperature in degrees Kelvin

H = absolute humidity in g/m 3.

S ~IRlG (1976) IRIG Standards for Range Meteorological Data Reduction. Part 1 -

Rawinsonde , Document 108-72 , Range Commanders Counc il , White Sands Miss ile
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The index of refraction (N) for various altitudes between the surface and
10 km are presented in Table Cl for each of the 12 mean monthly and the mean
annual KMR Reference Atmospheres. The mean annual N values for radar and
optics are plotted versus height in Figure Cl. The very moist air in the lower J
levels of the atmosphere at ~Qs4R is reflected by the relatively high N values in the
first few kilometers. As the moisture decreases wit h alt itude, the index decreases
rapidly. There is very little difference between the monthly values of N at a spe-
cific altitude (Table Cl) , as the monthly and seasonal changes in the atmospheric
properties in the troposphere are very small in the tropics. The largest range in
mean monthly N units is 22 at 1 km for radar frequencies and 1 N unit at all levels
for optical frequencies.

Index of refraction profiles based on individual radiosonde observations pro-
vide a more detailed description of the vertical distribution of N units in the lower
10 km on a particular day. Variations in vertical gradients may occur due to
appearance or disappearance of temperature inversions, changes in the height of
the convection level, and the infusion of moisture into the higher levels by thunder-
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Figure Cl. The Mean Annual Index of Refraction
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Appen dix D

KREMS — Radar Wind Data to 25 km

The high power TRADEX (L-band) and ALTAIR (UHF) radars at KMR are
being used for high resolution velocity observations of w inds in the equatorial
troposphere. The range resolution provided by these radars is 150 m at L-band
and 240 m at UHF, and the radial velocity resolution attained for each range cell
from full Doppler spectra is 0. 1 rn/sec. The system sensitivities are adequate
to detect scattering from clear air turbulence, and this turbulence is used as a

- tracer of the wind velocity field.

; The method of measuring the total wind vector employs measurements of the

~ 
Doppler return along 10 uniformly spaced azimuth directions at a fixed radar

~ 
elevation. The spectrum at each range cell posit ion is calculated from a suc-

; 
cession of 512 pulses , and the power spectral dens ity data are then incoherently

i averaged for time intervals of I to 2 m inutes. A sample average spectrum is
shown in Figure Dl , which indicates the presence of turbulence scattering as well
as ground and sea clutter. A mean radial velocity value is then obtained, using ~.

the spectral, density-weighted, average velocity in the region above receiver
noise near the radar w ind signature. An estimate of the velocity vector is ob-
ta m ed by fitting a sinusoidal curve to the radial velocity at each radar azimuth

4. position. Such a sinusoidal fit is shown in Figure D2, which reveals little yan g-

~ 
tion with space over the sampled volume around the radar. The horizontal wind

. 
components are obtained w ith great accuracy and the vertical wind Is generally
found to be within the statistical uncertainty of the measurements for this case.
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The advantages of this technique include its ability to detect small-scale var-
iations and to be able to sample w ind velocity in the reent ry corridor near the
missile reentry time. A profile of w ind velocity obtained during a recent missile
flight , ABRV-l , using the A LTAIR radar is shown in Figure D3, where a com-
parison is made between the vector measurements projected along the missile
path and direct speed measurements obtained by positioning the radar line-of-sight
along the missile path. Good agreement is found between the two approaches.
Comparison of the radar wind measurements with conventional methods using
balloons indicates general overall agreement, but the radar data generally reveal
a more highly structured wind profile.

A large statistical data base on winds obt ained from this technique does not
yet exist. Measurements collected to date characteristically indicate a large w ind
variability in small volumes. For example, the spectrum displayed in Figure Dl
has two apparent peaks corresponding to observations of air motion with two
slightly different radial velocity values for the same radar resolution volume
(150 x 100 X 100 m). The short -term ( 16 sec) temporal variation of the spectrum ,
hence of the velocity structure of the air motion within the small-resolution volume,
is illustrated in Figure D4 for a single range cell. These dat a show the growth
and decay of individual components in the spectra. When examined over time
scales of the order of minutes, similar multiple line structure variations are also
evident. When examined at different ranges, but at the same time, the mult iple
line velocity structure is found to be highly correlated from range to range. The
changes in velocity acj ’oss these ranges are often found to be highly variable.
Wind velocities differing by as much as 4 to 5 rn/sec have been observed within
the same volume. On other occasions, the variations are much smoother with
range. The fine detail exhibited in the data indicates the presence of high w ind-
shear components, associated w ith the turbu lent mixing process, within and across
thin layers in the equatorial troposphere.
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A ppend ix E

KMR Jimsphore. Rawinsonde. and ALTAIR Radar
• Wind Measurement Comparisons

Figures El through E4 provide selected comparisons of Jimsphere and raw In-
sonde east/west (V

~~~
) and north/south (V~~~

) wind measurements made at KMR in
support of three flight tests of the Technology Development Vehicle (TDV) Program
and one flight test of the Advanced Ballistic Reentry Vehicle (ABRV) Program.
These tests were conducted by the Air Force Space and Missile Systems Organi-
zation (SAMSO) Advanced Ballistic Reentry Systems (ABRES) Program. The data
comparisons from ABRV also Include wind estimates obtained by the .A LTAIR
radar.

The rawinsonde data correspond to releases from Rot-Namur Island, whereas
the Jfmaphere releases were from Gagan Island for the three TDV tests and from
Rol-Namur for the ABRV test. Separation differences at a given altitude bttween
the Jimsphere and rawinsonde measurements were on the order of 14 to 19 km for
the TDV data and were less than 4 km for the ABRV data. Time differences be-

• tween the measurements were of the order of 2 hours for the TDV-l data, 1/2
hour for the TDV-2 data, and 1 hour for the TDV-3 and ABRV-l data. Rawinsonde
data are presented for the standard KMR GMD-l data reduction as well as for an

• Independent reduction of MPS-36 and TRADEX (TDV-3 only) radar track data by
Xontcs, which was perform ed for the three TDV tests. Sliding-least-squares
parabolic smoothing of span lengths equivalent to 91 m altitude was used In the
reduction of the raw insonde radar wind measurements. Identical smoothing was
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also applied to the Jtmsphere radar measurements, which were independently
made by the MPS-36 radar (—. 4 to 18 km altitude) for all three TDV tests. Smooth-
ing of the Jimsphere data was selected to minimize effects of the sphere’s self-
induced periodic motion, which has a wavelength of the order of 30 m.

The .A LT.AIR radar w ind dat a included in Figure E4 correspond to estimates
derived by MIT Lincoln Laboratory (described In Appendix 0) from two sets of
measurement scans, each of approximately 30 minutes duration with a time sepa-
ration of about 3 hours between the two sets of scans. The scans were perforzne~i
using the coherent A LTAI.R radar located at Rol-Namur. The scans consisted of
radar measurements at two fixed elevation angles and at 10 uniformly spaced

• azimuth angles from 0 to 3 60°. From these data the Doppler velocity of the wind
along the radar line-of-sight at each range and azimuth was determined. It should
be noted that the scattering centers producing these data are due to inhomogeneities

• of atmospheric density (that is, turbulence) and not precipitation. On the assump-

* 
tion that the wind system is horizontally strat ified with fixed magnitude and direc-
tion in each stratum, the horizontal components at the various azimuth positions
at fixed altitudes were fitted to a sine curve. From this fit the horizontal magni-
tude and direction of the wind and the magnit dde and direction of the vertical corn -

- 
• ponent were determined. The ALTAIR w ind data included In Figure E4 represent

• the first measurements of this type conducted at KMR in support of a reentry
vehicle flight test .

From inspection of Figures El through E4, several points can be made with
respect to sensor measurement error and KMR wind time-space variability. Com-
parisons of the independent MPS-36 and TRADEX or ALCOR Jimaphere wind
measurements indicate good agreement w ith rms differences on the order of 0.2
to 0. 6 m/sec, as indicated in Table El . Error analysis from simulations and
evaluation of field data indicat e .Timsphere la measurement accuracy for typical
KMR measurement scenarios, using either the MPS-36, TRADEX , or ALCOR
radar and 91-m smoothing, is approximately 0. 3 rn/sec. For the raw insonde
data, peak differences on the order of 5 rn/sec are observed between the GMD-l
and radar results; however, these differences are largely due to the differences
in smoothing (—. 600 m for GMD-1 data versus 91 m for radar data) or, in essence,
the improved observability of the fine structure of the wind field, possible when
using the lighter smoothing. As Indicated in Table El , rms differences between
the rawinsonde GMD-1 and radar wind estimates for the TDV measurements were
on the order of 1 to 2 rn/sec. which is consistent with the IRIG GMD-1 accuracy
statement. The J linsphere and raw Insond e data are generally in good agreement, -‘

wit h rms differences of the wind speed component estimates on the order of 1 to
2 rn/sec. There are, however, significant differences (as large as 8 m/sec),
especially in the fine structure, which are mucn greater than those expected due
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to sensor error. These differences are most likely Indicative of time space
variability effects between the Jimaphere and rawinsonde measurements.

The A LTAIR wind measurements included in Figure E4 also provide Indlca-
tions of temporal variability effects, since these data correspond to two sequences
of measurements conducted approximately 3 hours apart . As noted in Table El ,
the rms variability of the wind speed component estimates for the two ALTAIR
measurements are on the order of 2 rn/sec. These variability estimates are also
in good agreement with those obtained for a 2-hour-measurement separation
experienced on TDV-l between the Jimaphere and the closest rawinsonde measure-
ment. The comparisons of the Jimsphere, raw insonde, and A LTAIR wind meas-
urements in Figure E4 also illustrate generally good agreement of the three types
of measurements that were made relatively close together in time and space.

• However, there are regions of significant differences In excess of 8 m/sec in the
5 to 10 km and 16 to 19 km intervals. In the low-altitude interval , the differences
are most significant between the ALTAIR measurements and the Jlmsphere and
rawinsonde results, with the latter two measurements indicating good agreement
with each other. MIT Lincoln Laboratory, which performed the A LTAIR wind
dat a reduction on this first operational wind measurement, has noted that for the
5 to 10 km interval the ALTAIR results are more uncertain than at other altitudes
due to ducting and/or low measurement-signal-to-noise effects. For the 16 to
19 km interval, the observed differences are believed to be indicative of w ind
variability effects and not measurement errors.
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Table El. Sensor Measurement Variability

Jlmsphere 7
rms VarIability (rn/eec)

Mission Sensor V~~
TOy-i MPS-36 w/r TRADEX .6 .4
TDV-2 MPS-36 w/r TRADEX .2 .2
ABRV-l MPS-36 w/r ALCOR .3 .2

Raw insonde

TDV-l MPS-36 w/r GMD-l 1.3 1.9
TDV-2 MPS-36 w/r  GMD-l .8 .9

* TDV-3 MPS-36 w/r GMD-1 1.3 1.0

Measurement Time-Space Variability

Jimsphere w/r  Closest Raw Insonde (4. 6 to 18.3 km)

~ Time ~ Space rms Variability (m/sec)

- ~-i Mission (hr:min) (1cm) V

TDV-l 2:08 14—19 2.3 1.6
TDV—2 :51 14—19 1.2 1.2

S TDV— 3 :28 14—19 1.3 .9
.ABRV-l 1:14 <4 2 .0  1.6

ALTA IR Pre-Mission w/r  Post-Mission Wind Scans (1. 5 to 19. 2 1cm)

.ABRV-1 2:54 0 2 .2  1. 9
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Sym bols and Abb reviations

b subscript indicating base or reference level

speed of sound

e vapor pressure

G Newton ’s universal gravitational constant

g acceleration due to gravity

g~ acceleration due to gra~~ty at sea level for lat Itude (
~

)
H geopotential altitude

• Hb geopotentlal altitude of base of layer

h H
~~ Hb

K degrees in thermodynamic Kelvin scale

kg kilogram (mass)

km kilometer

L gradient of molecular’I.scále temperature with geopotentlal alt itude

LST Local Standard Time

M mean molecular weight of air

sea-level value of mean molecular weight

m meter
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m ’ geopotentlal meter

mb millibar

o subscript indicating sea-level value

P pressure

R* universal gas constant

r~ effective earth radius at latitude ( ui )

S Sutherland’s constant

SD standard deviation

sec second

T temperature in K
• I TM molecular-scale temperature in K

TMV molecular-scale virtual temperature in K

w east/west wind component

v north/south wind component

Z geometric altitude

a constant

ratio of specific heat s

coefficient of viscosity

p mass density

geographic lat itude

A

a

S
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