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20 METEOROLOGICAL SOUNDINGS IN THE UPPER ATblOSPHERE

In this section some of the rocket techniques that provide meteorological and aeronomical parameters
at very high altitudes will be summarized. Many:o£ these techniques are described in detail in a series on
"Sounding Rocket Research Techniques", being prepared under the auspices of CaSPAR (see biblio­
graphy; a general review is contained in the book by Kondratiev, 1962).

4.1 Falling spheres

During the IGY densities were obtained to over 70 km by the University of Michigan using 18 em
diameter falling spheres with built-in accelerometers that telemetercd the acceleration as they fell (Jones,
Peterson, Schaefer, and Schulte, 1959). Since that time these small spheres have been improved, and
other developments along the same line have resulted in inflatable spheres with accelerometers, and the
technique can now give density to over 100 kIn (Faucher, Procunier, and Stark, 1961). To obtain densities
at this altitude it is necessary for the peak altitude of the rocket to be well above 100 km (approximately
150 km), so that the spherc can gain sufficient supersonic specd before it re-enters the region where the
density is to be measured - the high ~pc~d is needed to provide a measurable drag at these altitudes,
and also to insure that the sphere is operating at a favourable Reynolds number at which the drag coeffi­
cient is known. A variation on this has been used in the U.S., in which the acceleration of the falling sphere
is determined by tracking it from the ground with a very sensitive and accurate radar. Both the passive
and active falling spheres are in use, and both systems have proved effective. Early difficulties with the
determination of the coefficient of the drag for such spheres have apparently been overCOme. (Jones, 1964.)

4.2 Grenades

One of the earliest rocket methods for deteqnining temperatures and winds in the very high atmo­
sphere, to over 90 km, has been the grenade technique. In this experiment a succession of explosions are
created one above the other at intervals of several kilometres, and the arrival of the shock wave is sensed
by an array of microphones suitably spaced on the ground. The time of arrival of the shock wave at each
microphone is Ineasured, the tilne of travel being a measure of the temperature along the path, and the
direction of arrival (deduced from the arrival tilnes) being a measure of the wind. This technique has been
used in the U.S., Australia, Japan, Sweden, etc., and is described extensively in the literature; and recently
a "Manual Describing the Rocket-Grenade Experiment" has heen prepared at the instigation of COSPAR
(Nordberg and Smith, 1964 ; see also Nordberg and Smith, 1963 ; Maeda and Riaro, 1962). It is hoped that
this manual will encourage still other experimenters to undertake this type of upper-atmosphere observa­
tions during the IQSY.

4.3 Vapour trails

The most frequently used lnethod for deterlnining winds in the upper atmosphere above 60 or 70 km
has been the technique of measuring the drift of alkali metal vapours that scatter sunlight at twilight.
This technique -has the advantage of great simplicity, in that the rocket need only create a trail of vapour
at a time when the trail can be illuminated by the sun while the lower atmosphere is already in the shadow
of the earth. Observations of these brilliant trails are usually made by several cameras on the ground,
and the winds are deduced by triangulation measurements from the photographs. Limitations of this
technique are fairly evident: they can only be made at twilight, and the sky must be clear so that the
vapour trail can be observed from the ground; in addition the data reduction is difficult. However, a
great deal of useful information has been obtained in this way. (Broglio, 1963 ; Dubin, Manriug, Jenkins,
Levy, Rosenberg, 1964; Egidi, Fea, and Fratucello, 1961; Rosenberg, 1963.)
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A new variation of this has been the tracking of trails that are made luminous at night by a photo~

chemical reaction of the vapour with atomic oxygen in the upper atmosphere. It was observed that
grenades -in Australia that had aluminium casings glowed at night, the puff being visible to the eye for
several minutes (Groves, 1963). Following this a number of experiments in Australia and the U.S. were
undertaken in order to determine the cause of such a persistent luminosity and to exploit it. A most
promising substance for use at night is trimethylaluminium (TMA). A trail of TMA can be photographed
from 85 to about 160 km. Another substance that glows at night, not quite so efficiently but over a similar
range of altitudes, is nitric oxide. Such glows do not extend as high as the resonance scattering of sunlight
from alkali metals, which can give results to well over 200 km, but their use throughout the night opens
up a new field for studies of the dynamics of the thermosphere (Rosenberg, Golomb, and Allen, 1963 ;
Rosenberg and Edwards, 1963; Rosenberg, Edwards, and Wright, 1964).

The observations of twilight trails have also given information about temperatures in the upper
atmosphere. The doppler broadening and relative intensities of the resonant spectral lines (for example,
that of sodium or potassium) permit an estimate of the temperature. This technique involves a most
ingenious method for determining the line shape. While its accuracy is not as great as could be wished, it
is one of the few techniques to give temperature in the upper atmosphere to about 400 km directly (Blamont
and Lory, 1963 a ; 1963 b).

Another characteristic of the upper atmosphere which can be observed by such techniques is tur~

bulence or rate of diffusion. Observations of the rate of growth of the trail indicate that above 105 km
the growth is by molecular diffusion alone, and is quite predictable. Below 105 km, however, the character
of the trail is very different, and the growth is mainly by turbulent eddies. The trail is seen to break up
into globular masses and to move in an irregular way, the eddy motion being superimposed on the general
motion of the winds. The character of these turbulent eddies in the mesosphere and lower thermosphere
is the subject of considerable observational and theoretical study at the present tillle, since it appears that
this turbulent behaviour has an illlportant effect on both the rate of mixing and the temperature balance
of this part of the atmosphere. (Hines, 1960 ; 1963 ; BIamont and de Jager, 1961 ; Blamont, 1963; Wilkins,
1963 ; BIamont and Baguette, 1961.)

4.4 Absorption of solar radiation

Radiation from the sun at wavelengths below about 3000 A does not reach the earth's surface. As a
rocket moves upward it passes through the regions that absorb this radiation - first the ozone abf?orbing
layer (2000-3000 A), then, the molecular oxygen absorbing layer (about 1000 to 1800 A), and then the
nitrogen absorbing layer (a continuum below 900 A). X-ray absorption is more or less independent of the
composition. The penetration of sunlight into the atmosphere is summarized in Figure 13, by Friedman.
This fact has made it possible to measure the vertical distribution of certain constituents (e.g., 0 3 and 0z)
and of total density by monitoring the change of solar flux with altitude at specific wavelengths. One
advantage of this technique is its simplicity, since relatively simple filtering systems and detectors have
been developed. (Friedman, 1960; 1964.)

5. Gun-launched probes

Several years before sounding rockets became generally available, in 1945, a series of observation~

were lllade in England of smoke puffs created at 30 km by a special high~mu·zzle-velocity'gun fired from
the ground (Johnson, 1946 ; Murgatroyd and Clews, 1949). Although soundings of this sort have not found
very general use in high altitude research, a continuing interest in their possibilities has led to additional
developments.
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The U.S. Navy has developed a chaff round that can he fired from regular naval guns to about 30 km
(Masterson, 1959). The U.S. Army has demonstrated that a 5-in. gun could fire a 10 kg shell to about
60 km. In the past year a series of firings frOln a 16 in. gun in the Barbadoes by scientists from :McGill
University in collaboration with scientists of the Aberdeen Proving Grounds (Marks, MacAllister, Gehring l

Vitagliano, and Bentley, 1961 ; Mad<s and Boyer, 1963; McGill, 1963), has demonstrated that a projectile
of this kind can be fired to between 100 and 200 km with a substantial payload. The payloads that have
been used have been packages of chaff, that could be expelled and tracked by radar, and tanks of chemicaIR
that could create a vapour trail.
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Figure 13 - The penetration of solar radiation into the earth's upper atmosphere,
showing the approximate height at which vertical radiation of a given wavelength

is reduced to one-third (1/e) by atmospheric absorption. (Friedman, 1960.)

In principle, a rocket-sonde complete with parachute and transmitter could be developed for such
gun-launched sounding vehicles, even though the accelerations are extrenlely large (of the order of
40,000 g's for the 5-in. or 7-in. guns, and about 10,000 g's for the 16-in. gun). The firing itself, once the
gun is· available and in place, and the flight hardware are relatively simple and inexpensive compared to
rockets, accordi~g to the estimates of the agencies that are developing them.

6. Conclusions

This report has been concerned with what we know of the upper atmosphere (below the altitude of
satellites), and with our present methods for observing it. One cannot pursue this matter very far without
being impressed with the vastness of our ignorance of how the upper atlllosphere behaves.

One can however point to a number of rather specific things that need to be done in order to improve
our knowledge, and we will touch on these now - lllany have already been mentioned.

6.1 Theoretical problems

The most striking thing about the atmosphere as it moves and changes from day to day is its coher­
ence. It is a complex fluid in which all parts eventually interact with the other parts. The laws governing
these interactions, particularly those which govern the vertical propagation of disturbances,_ are ,still
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poorly understood. The fact that changes on the sun are first felt as disturbances at high levels suggests
that it would he most important to establish how (if at all) such disturbances can later be felt lower down
in the atmosphere. This lnight be the missing link between the changes on the sun and the changes in the
weather that some meteorologists have suspected, a subject that is still most controversial.

Closely associated with this is the detailed description of how energy from various sources is released
in the atmosphere. 'rVe are beginning to understand how very complex this is. No longer are radiative
processes the only ones to be considered, since it is becoming evident that we may also have to consider
such relatively difficult subjects as turbulence, internal gravity waves, and the release of chemical energy.
For exaluple, it has been suggested that the atmosphere may act as a heat engine (converting potential
energy into kinetic energy) in some regions, and may act as a refrigerator (using available kinetic energy
to carry heat against the temperature gradient) in other regions. Also, large-scale vertical motions and
turbulence can affect the composition of the atmosphere, thereby changing its thermal and electrical
properties. We mention these points (out of many) only to convey a feeling for the richness of this field
for theoretical studies, and the need for an imaginative approach.

6.2 Specific observations required

Among some of the most critical observations that are needed before we can make much progress
in understanding the upper atmosphere arc the following:

(i) The solar flux in the ultra-violet and X-ray part of the spectrum: We know (sec Figure 12) that
solar radiation below about 3000 A is unobservable at the ground, but determines the temperature and
composition aloft. Y ct we are uncertain about the magnitude of the actual flux by 20 to 40 per cent in
the 2000 to 3000 A region, and by 50 per cent or more below 2000 A. (Our knowledge of the mriations in
these fluxes is only slightly better.)

(ii) The composition of the atmosphere: The heat budget of the free atmosphere depends on the
distributions of various constituents, most notably water vapour, carbon dioxide, ozone, and oxygen
(whether atomic or molecular). In addition, nitric oxide plays an important role in the creation of free
electrons in the ionosphere, and methane is important as a source of hydrogen at around 100 km. Few
of these have been measured adequately above balloon altitudes, and we have virtually no knowledge
of their variations with latitude, season, solar activity, etc.

6.3 Synoptic obserpations required

As we stated in the Introduction, a three-dimensional description of the atmosphere that changes
with time is needed to understand the dynamics of the -atmosphere. Even our observations below 30 km
are now becoming inadequate with the advent of new computers and new techniques for analysing the
atmosphere and making numerical forecasts. Stated another way, our theoretical models are now becoming
better than our description of the initial conditions of the atIuosphere, which must include an entire
hemisphere.

If this is true for the part of the atmosphere accessible to balloons, it is much more true for the
regions higher up. Meteorological rockets are beginning to provide this step upward in synoptic observa­
tions, and a new era in our deseriplion of the 30 to 100 km region (and above) is opening. It is hoped that
a world-wide network will COlue into being, with the same rapid exchange of rocket observations between
countries that now exists for balloon observations.

The next step, seen only dimly now, win be the development of ground-based observation techniques
that can do the same job as the rockets - but, hopefully, continuously and at less cost. Such techniques
deserve our most careful attention, and somc of the hopes expressed in Section 2 may then some day be
realized.
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Abhreviated table of average values of temperature, pressure density, and molecular weight to 200 km
(taken from CIRA 1961, prepared by H. Kallmann-BijI, R. L. F. Boyd, H. LaGow, S. M. Poloskov,

and W. Priester)

(See also Figure 2)

Altitude Tcmpel'atul'c Pressure Density Molecular
(km) (OK) {dynes cm-2} (g cm-') weight

0 289.25 1.02 X106 1.23x 10-' 28.96
o(Standard) 288.15 1.01325 X10' 1.2250 X10-' 28.964

10 222 2.68x 10' 4.19xl0-< 28.96
20 217 5.54x 10' 8.89 X10-6 28.96
30 228 1.21x 10' 1.84x 10-5 28.96
40 248 2.90x 10' 4.07 X1(}-6 28.96
50 270 7.91x 10' 1.02 X10-6 28.96
60 258 2.25x 10' 3.04x 10-7 28.96
70 217 5.51 X10' 8.84x 10-8 28.96
80 185 1.03x 10' 1.91, X10-8 28.96
90 181 1.62 X10° 3.12x 10-' 28.96

100 212 2.92xl0-1 4.78x 10-10 28.85
110 265 7.28X 10-2 9.49x 10-11 28.72
120 31,3 2.44x 10-' 2.44x 10-11 28.60
130 569 1.16x 10-' 6.95x 10-12 28.43
140 799 7.22x 10-' 3.07x 10-12 28.25
150 1014 5.08x 10-' 1.69X 10-12 28.09
160 1155 3.81x 10-' 1.11 /10-12 27.90
170 1176 2.92X 10-' 8.26x 10-13 27.70
180 1193 2.25x 10-' 6.59x 10-13 27.47
190 1210 1.75x 10-' 4.73x 10-13 27.25
200 1227 1.36x 10-' 3.61 X10-13 27.00
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Resolution 20 (EC.XIV)

Meteorological Programme for the International Year of the Qniet Snn (IQSY)

THE EXECUTIVE COMMITTEE,

NOTING:

(1) Resolution 7 (CAe-III),

(2) Resolution 16 (EC-XIV),

(3) The report of the CAe Working Group on the IQSY Meteorological Programme submitted in
February 1962,

(4) The report of the International Geophysical Committee Working Group II (meteorology),
March 1960,

(S) Recommendation 25 (CAe-1962) ;

CONSIDERING:

(1) The importance of having an IQSY programme for meteorology integrated and co-ordinated
with those of other geophysical disciplines;

(2) The urgent requirClnent for a prompt and clear statement on a proposed meteorological pro­
gramme to permit implelnentation by the commencement of the International Year of the Quiet Sun;

(3) That the IQSY provides a good opportunity for conducting meteorological investigations on
a planetary scale, especially in the high atmosphere, by instruments which have been developed since
the IGY or which were not available in sufficient quantity for general use at that time j

DECIDES that the World Meteorological Organization will participate in the Meteorological Pro-
gramme for the IQSY (1 January 1964 to 31 December 1965) ;

URGES Members and the meteorological services of non-Member countries:

(1) To participate in this programme to the maximum possible extent;

(2) To take all possible steps to implement Resolutions 6 and 7 (Ee-XIII) and 12 (EC-XIV)
before the commencement of the International Year of the Quiet SUll;

RECOMMENDS:

(1) That the meteorological programme for the IQSY should concentrate on the study of the large­
scale physical, dynamic and thermodynamic characteristics of the upper atmosphere above the 100 mb
level and the relations between the upper and lower atmosphere;

(2) That in are'as where full exploration to 100 mb was not achieved during IGYIICC, a major
effort should be expended during IQSY to estahlish an appropriate aerological network in order to complete
the world upper-air network;
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(3) That, for the layer from 20 to 60 km, the following elements should be observed on a network
basis:

(a) The vertical distribution of wind, temperature and, if possible, water vapour,

(b) The vertical distribution of ozone at all levels above the ground, with particular attention to
measurements in the ozone production region above 25 km,

(c) Solar and terrestrial radiative fluxes, and their vertical distribution where possible;

(4) That, if possible, the observations specified in (3) above, should be extended to 120 km, even
if only on an individual sounding basis;

(5) That observations at the ground of total ozone and of net radiative fluxes be carried out on
a continuing basis, to supplement and support the observations in 3 (b) and 3 (c), above;

(6) That consideration be given to observations of stratospheric radioactivity, stratospheric clouds
and aerosols, and stratospheric electrical parameters, at least during World Geophysical Intervals;

(7) That satellite-borne experiments, which can add significantly to the knowledge of the atmo­
spheric processes ordinarily studied from below, be conducted, and that these observational platforms
be exploited with a view to obtaining information on atmospheric radiation balance, solar radiation and
its fluctuations, composition and state of the high atmosphere, and density changes above about 150 km ;

(8) That in the planning of networks and observational programmes, including instrumental inter­
comparisons, and in the planning of publication and analysis programmef;i, reference be made to the
following resolutions and rec.ommendations :

Resolution 13 (EC-XIV)
Recommendation 10 (CAe-III)
Recommendation 15 (CAe-III)
Resolution 16 (EC-XIV)
Resolution 18 (EC-XIV)
Resolution 12 (EC-XIV)
Resolution 6 (EC-XIII)

Ozone networks
Total ozone programmes
High-altitude radioactivity
Meteorology of high atmosphere

- World Geophysical Intervals
Collection and publication of data in physical
Publication of aerologicaJ observations; and

meteorology

DIRECTS the Secretary~General:

(1) To bring this resolution to the attention of all concerned,

(2) To prepare and distribute a guide to the IQSY Meteorological Programme on the basis of the
recommendations and resolutions listed above.
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Mean day-time temperature error, error variability and accuracy of correction as a function of height
for the rocket·sonde bead thermistor

(Taken from N. K. Wagner, "Theoretical accuracy of the meteorological rocket-sonde thermistor",
Electrical Engineering Laboratory, University of Texas, Rept. No. 7.23)

(Contract DA.23.072.0RD.1564, JnIy 1963)

Height

(km)

40
45
50
55
60
65

Erl'ol'
(to be subtracted

from apparent
temperature)

lOCI

3.5
4.5
5.0
7.5

19.0
33.5

Error
pariability

(depending on
ambient condition)

lOCI

± 3.5
± 5.0
± 5.0
± 9.0

Probable
accuracy 01
correction

1%)

± 1.3
± 1.9
± 2.0
± 3.8

A bstract of Wagner' 8 report:

The ability of the bead thermistor currently used in U.S. meteorological sounding rockets to measure
the mnbient kinetic temperature of the environment is examined theoretically. A nOllRsteady state heat
transfer environment including forced convection, infraMrcd and solar radiation, compressional heating,
lead wire conduction and internal heating is considered, along with normal variations to be expected
in this environment. The temperature measurement error is computed, which, when corrected for, should
yield ambient temperature values to within ± 2 per cent up to 60 km with the correction accuracy
decreasing to ± 3.8 per cent at 65 km. The correction accuracy deteriorates rapidly above 65 km
suggesting that either a different type-sensing element or a different sounding technique will be necessary
for temperature lneasurement above this level.
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Recommendation 75 (63-CSM)

Code for the exchange of meteorological rocket-sonde data

THE COMMISSION pon SYNOPTIC METEOROLOGY,

NOTING:

(1) Resolution 28 (Cg-IV) ;

(2) Resolution 8 (EC-XV) ;

CONSIDERING:

e1.) That telegraphic exchange of rocket-sonde data would facilitate the successful operation of
the STRATWARM scheme;

(2) That rocket-sonde data would be useful for Members analysing very high altitude synoptic
charts on a routine basis;

(3) That a telegraphic exchange of rockct-soude data should take place already at the beginning
of the IQSY;

RECOMMENDS that the HROCOB" code, specified in the. annex to the recommendation, should be
used, on an experimental basis, during the IQSY for telegraphic exchange of rocket-sonde data.

Annex to Recommendation 75 (63-CSM)

Rocket-sonde form of message

1. Form of Message

ROCOB IIiii
HHZTTT ddffjn
HHZTTT ddffjn

raesIDrGd

(9dpplplpl)
(9dpPlplpl)

YYGGgg

etc. JJJ

2 . Definitions

ROCOB Code name for rocket-sonde form of message.
ROCOB SHIP Code name for rocket-sonde form of message from a ship.

When the ship form of message is used the group IIiii is replaced by the groups YQL,L,L.

LoLoLo II MMMUL.U""
and the form becomes: ROCOB SHIP YQL,LoL. LoLoLo II
MMMUL.U"" rae,m,Gd YYGGgg etc.

Iliii Index number of the observing station; I.e., where the telemetering equipment IS located.
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r

a

e,

m,

Gd

YY

GGgg

HH
Zr

TT

dd

ff

In

Type of rocket motor. (Code Table 1)

Reason for no report and ground equipment. (Code Table 2)

Type of data-sensing equipment. (Code Table 3)

Method of reducing data. (Code Table 4)

Estimated delay until replacement rocket is fired. (Code Table 5)

Day of the month (GCT) on which the observation was taken.

Tilne of observation in hours and minutes GMT. The time of firing of the rocket is the time
of observation.

Altitude, to the nearest kilometre, of the level for which data are reported.

Character of the temperature. When the temperature is zero degrees or above, code figure 0
is reported for ZT.
When the temperature is within the range of -1° to -99°, inclusive, code figure 5 is reported
for Zr.

Vvhen the temperature is within the range of -1.00° to -1.99°, inclusive, code figure 6 is
reported for ZT'
When the temperature is missing for any reason, the solidus (/) is reported for ZT'

Temperature of the air in whole degrees Celsius. The absolute value of the temperature IS

reported (i.e., the plus or minus sign is disregarded in detcrmining the value to be coded).
For example: If. the temperature is -570, the coding is TT = 57 and ZT = 5.
When the temperature is missing for any reason, two solidi (f f) are reported for TT.

True direction, in tens of degrees, from which the wind is blowing at the specified levcl. (W1\-10
Code 0877.) When the wind speed is 100 to 1.99 knots, inclusive, 50 is added to the value normally
reported for "dd".
When the wind direction is missing for any reason, two solidi (f f) are reported for dd.

Wind speed in knots at the specified level. For wind speeds of 100-199 knots, inclusive, 50 is
added to "dd" and the actual speed in excess of tOO is reported for "if". For wind speeds of
200 to 299, inclusive, the speed in excess of 200 is reported for "ff" and the group 00200 is
inserted in the message immediately following the "ddffjll" group for the specified level.
For wind speeds of 300 to 399, inclusive, the speed in excess of 300 knots is reported for "if"
and the group 00300 is i!1serted in the message imme<!iately following the "ddffjn" group for
the specified lovcl.
When the wind speed is missing for any reason, two solidi(/ f) are reported for ff.
(Note: 50 is added to "dd" only when the speed is from 100 to 199, inclusive.)

Thickness of the layer through which the wind speed and direction was determined. Normally
these elements will be averaged over a 2 km layer for both MANDATORY and SIGNIFICANT
levels (i.e., 1 kIn on each side of the altitude reported). In cases where this is impracticable
or produces a non·representativc value the thickness of the actual layer used will be reported.
(Code Table 6.)

Indicator figure for the 9dppJpJpJ group.

Decimal point locator. The number of places to the left of the third significant figure the
decimal point. must "be placed in order to obtain the actual density in g/mS is reported for
symbol dp.
(Note: The third significant figure is alwaysincluded in the value reported for symbol dp.)
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Y

Q

LaLaLa
LoLoLo
MMM

APPENDIX 4

(Example:

Assume 120 g/m', the group IS coded 90120 (i.e., dp = 0).
Assume 1.20 g/m', the group IS coded 92120 (i.e., dp = 2).
Assume 0.281 g/m', the group IS coded 93281 (i.e., dp = 3).
Assume 0.0788 g/m', the group IS coded 94788 (i.e., dp = 4).)

Density in gjcm3 rounded to three significant figures, at the specified level.

Termination group. The letters JJJ are always included as the last group of the report to
indicate its end.

Day of the week (GCT) on which the observation is taken (WMO Code 4900).

Octant of the globe (WMO Code 3300).

Latitude in tenths of degrees.

Longitude in tenths of degrees. The hundreds digit is omitted for longitudes 1000 to 1800 •

Number of the Marsden Square for the ship's position at the tilne of observation.

Units figure in the reported latitude.

Units figure in the reported longitude.

NOTES
1. MANDATORY levels are defined as specified altitudes for whieh data are reported. These levels

are:
(a) the 20, 25, 30, 35, 40, 45, 50, etc., km and for every 5 km upward to the top of the ascent,

and

(b) the lowest (Le., termination) level of the ascent for which data are available, provided
its altitude is higher than 20 km.

In the event data are not available for one of the specified altitude MANDATORY levels, the code
groups for thai level will be inserted in the report in its altitude sequential order and solidi (f or / /,
as appropriate) will be reported for the missing elements.

2. SIGNIFICANT levels are defined as those levels (other than MANDATORY) at which significant
changes occur. Whenever anyone of the criteria is satisfied, all data available for that SIGNI­
FICANT level will be reported. SIGNIFICANT levels are determined according to the following
criteria:

2.1 Speed - A departm'e of 10 or mdre knots '£1'0111 a linear interpolation between any two consecutive
levels selected for transmission;

OR

2.2 Direction - When the departure from a linear interpolation between any two consecutive levels
selected for transmission is one of the following:

2.2.1

2.2.2

2.2.3

OR

60° or more - When the average wind speed for the layer is 16 * to 30 knots, inclusive;

30° or more - When the average wind speed for the layer is 31 to 60 knots, inclusive;

200 or more - When the average wind speed for the layer is 61 knots or greater;

2.3 Temperature - A temperature change: of 30 from linearity between any two consecutive levels
selected for transmission.

*. (Note: Speeds of '15 knots, or less, are not 60nsidered to be of significance for this purpose.)
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3. A SIGNIFICANT level will be reported when anyone of the above criteria (i.e., speed, direction
or temperature) is satisfied. All data available will be reported for each SIGNIFICANT level
included in the message. The MANDATORY and SIGNIFICANT levels are intermixed in the
message in ascending order with respect to altitude.

4. The 9dpP1P1Pl group is enclosed in parentheses to indicate that the group is included in the message
when data are available and omitted whenever data are not available.

5. The HHZTTT ddffjn groups are always included in the message for each level reported.

6. The first four groups (i.e., ROCOB IIiii rae,mrGd YYGGgg) are always included in the report.

7. When a firing is made but data are not obtained, the group "raesmrGd" is coded as follows:

Symbols r, e, and m, - code figures normally applicable will be reported.
Symbol a - a code figure from 0 through 4 will be reported.
Symbol Gd - the code figure from 0 through 8 whicb best describes the expectations for firing

a replacement rocket will be reported.
Code figure 9 wiJI be reported when it is definitely known that a replacement
rocket will NOT be fired.

8. When a firing is made and data are obtained, the solidus (f) will be reported for symbol "Go'.

TABLES OF SPECIFICATIONS

Code Table 1

Symbol r - Type at rocket motor
Code
figure

o 4.5 inch, end burning
1 3.0 inch, internal burning
2 Boosted, 4.5 inch end burning
3 ,,3.0 inch internal burning

Code Table 2

Symbol a - Reason tal' no report and ground equipment
Code
figure

o Data doubtful and not transmitted, reason not specified
1 Rocketmotor failure
2 Instrument (or telemetry) signal not received by tracking equipment - data not available
3 Ground tracking equipment failure
4 Automatic data processing equipment failure
5 GMD-1 and radar
6 GMD-2
7 FPS-16 class
8 Unassigned
9 Other tracking systems not comparable to GMD-1 and radar, GMD-2 or FPS-16 class (i.e., double

GMD-1, SCR 584, etc.)
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Code Table 3

Symbol e, - Type oj data sensmg equipment

Code
figure

o
1
2
3
4
5
6
7
8
9

Falling sphere
ChaIT
Immersion thermometry with hypsometer
Immersion thermometl'y without hypsometer
Pressure or density gauge
Unassigned

"
"
"Other type

Code Table 4

Method oj reducing data

Code
figure

o
1
2
3
4
5
6
7
8
9

Manually - Nomogram
Electronic computer
Unassigned

"
"
"
"
"
"Other method

Code Table 5

Symbol Gd - Estimated delay until replacement I'Ocket ,s fired

Code
figure

0 0 - 3 hours after scheduled launch

1 3 - 6 hours
" " "

2 6 -12 hours
" " "

3 12-18 hours
" " "

Replacement

4 18-24 hours
" " "

rocket will

5 1 - 2 days
" " "

be fired

6 2 - 3 days
" " "

7 Over 3 days
8 Unknown

9 Replacement rocket will not be fired

/ Replacement rocket not required
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Code Table 6
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Symbol jn = Thickness of the layer through which the wind speed and direction were determined

Code
figure

o
1
2
3
4
5
6
7
8
9

Metres

0- 250
251- 500
501-1000

1001-1500
1501- 2500
2501- 3500
3501- 4500
4501- 5500
5501- 6500
6501 - or greater
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Standard form for meteorological rocket-sonde observations

INTRODUCTION

1. One of the most important meteorological aspects of the IQSY is the programme of meteorological
rocket ascents, details of which are given in section 6.2 of the "Guide to the IQSY Meteorological
Programme" (WMOjIQSY Report No.1). Arrangements have been made for the results of these ascents
to be exchanged in a special code by telecommunications, primarily for the benefit -of countries where
attempts are being Inade to plot and analyse- high altitude synoptic charts j details of this scheme were
promulgated by WMO in a circular dated 28 November 1963. It is however most important that tbe
observations should be published. This need was recognized at the thirteenth session of the WMO
Executive Committee in 1961, when Resolution 7 (EC-XIII) was adopted; this recommended that "all
Members which undertake rocket observations in the upper atmosphere should publish in printed form
the meteorological information obtained".

2. In response to a suggestion from the CIG-IQSY General Assembly (Rome, March 1963), the
Secretary-General of vVlVIO was requested by Fourth Congress to investigate the possibility of designing
a standard form for meteorological rocket-sonde observations. The purpose of the present report is to
describe this standard form, which was prepared in consultation with the president of the WMO Com­
mission for Aerology and with lVIember countries known to be engaged in meteorological rocket-sonde
observations.

STANDARD FORM

3. A specimen of the standard form for IQSY meteorological rocket observations is attached to this
report. It has been designed to include all the techniques likely to be used on meteorological rockets
during the IQSY.

4. Members are invited to consider using this standard form for recording any meteorological data
obtained from rockets during the IQSY. If for any reason this standard form is not considered to be
suitable, it is hoped that the Members concerned will follow its lay-out as closely as possible when
designing their national forms.

5. Explanations and guidance for the completion of the standard forms are given in the annex to
this report. It should be noted that many code numbers have not been assigned; these are available
for expansion of the information to be recorded, depending on the practices of individual countries. All
suggestions regarding the use of additional code numbers should be Sent to the Secretary-General of WMO.

6. For the sake of economy, the standard form attached to this report has been reduced to approxi­
mately one half the size which will be required to allow sufficient space for all the digits to be entered.
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EXPLANATIONS AND GUIDANCE FOR THE COMPLETION OF THE FORMS
FOR ROCKET-SONDE OBSERVATIONS

1. General

Each rocket-sonde will be recorded on its own form or forms. If lllore than one form is required
for cOlnplete entry of data, the page number, and total nUlnber of pages required will be entered in the
space provided. The station name and number, as well as the date of observation will be stamped or
written on each form.

2 . Annotation section

2.1 Roc/ret time (4 digits)

The actual rocket firing time will be given in hours and minutes. Greenwich Mean Time (GMT)
will be used.

2.2 Raob time difference (3 digits plus sign)

The actual time of rawinsondc release will be given in minutes of difference from rocket firing
time.

2.3 Rocket type (2 digits)

The type of rocket will be entered according to the following code:

Code Rocket type Code Rocket type

01-19 One stage; internal burning 40- 59 Two stage, main rockei

01 Loki I internal burning

02 Loki II 40 Nike-Cajun

03 Judi I 60-79 Two stage, main rocket end
04 Mark 32 Mod. 0 burning

20 -39 One stage, end burning 60 Boosted Arcas

20 Areas 80- 99 Other (Misc.)

2.4 Tracking equipment (2 digits for each tracking device - 4 digits total to accommodate two pieces
of ground equipment *)

The nature of tracking equipment will be indicated according to the following code:

Code

01-19
01
02

20 - 99
20
21
22
23
24

Tracking device

Radiotheodolite or radio receiver
GMD or WBRT without ranging
GMD or WBRT with ranging

Radar

FPS 1.6 or FPQ 6
SCR 584
M-33
MPS 19
Mark 25 Mod. III

* For example, it is common to use a radar for wind and height determination and a radiotheodolitc or other radio receiver
for reception of telemetry data, such as temperature.
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2.5 Sensors (2 digits)

The various sensors will be described in the eight columns according to the fonowing code:
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DMQ-6
I-Iasp Temp
Pac. Miss. Range

Winds

00 Derived/computed
01 Chaff
02 Parachute
03 Falling sphere
04 Smoke trail
05 Aspect sensor

Temperature

10 Derived/computed
11 White Sands, Gamma
12 'Vhite Sands, Deha
13 Arcsonde
14
15
16

Pl'essure

20 Derived/computed
21 Hypsometer
22 Pressure gauge

Density

30 Derived/computed
31 Densitometer
32 Falling sphere

Speed of sound

40 Derived/computed
41 Grenades
42 Acoustic thermometer (Sonotherm)

Ozone

50 Derived/computed
51 Ozark

Elech'on density

60 Derived/computed
61 WS-Two frequency beacon (Mod. I)

Lyman a l'adiation

70 Derived/computed
71 WS-LAR Soude

2.6 Wind time interred (2 digits)

The frequency of sampling by the recorders attached to the tracking equipment win be gIven
in seconds.

2.7 Raob release point (2 letters, 2 digits)

The direction and distance of raoh release point from point of rocket firing win he indicated to
eight compass points and in whole miles,

2.8 Temperature adjustment

2.8.1 Baseline temperature adjustment (3 digits plus sign)

If the rocket temperature has been adjusted to the raoh temperature, the amount of the adjust­
ment will be given in degrees (DC) and tenths of degrees.

2.8.2 Other temperature adjustment (1 digit)

A code (yet to be developed) identifying any techniques used in temperature adjustment other
than the baseline adjustment.
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2.9 Questionable data (2 digits)

Any doubtful data will be indicated by the following code figures as appropriate:

Wind

00 Ground equipment malfunction_

01 Chaff dispersion
02 Damaged parachute
03 Damaged sphere
04 Unfavourable optical conditions
05 Unfavourable position with respect

to double GMD baseline

Temperature

10 Ground equipment malfunction
11 Flight equipment malfunction
12 Calibra60n shift
13 Missing reference

Pressure

20 Ground equipment malfunction
21 Flight equipment malfunction

Density

30 Ground equipin~~t malfunction
31 Flight equipment malfunction
32 Damaged sphere

Speed of BOllid

40 Ground equipment malfunction

41 Flight equipment malfunction

Ozone

50 Ground equipment malfunction
51 Flight eqnipment malfunction

Electron density

60 Ground equipment malfunction
61 Flight equipment malfunction

Lyman a radiation

70 Ground equipment malfunction

71 Flight equipment malfunction

If more than one parmueter involves questionable data, the parameter code with the lowest
numerical value will be entered in the questionable data box; the others will be entered in Remarks.

The levels or layers of questionable data will be enclosed in parentheses in the appropriate data

columns below.

2.10

3.

3.1

Remarks

Any special notes, peculiarities, etc. not otherwise provided for will be entered in plain language.

Wind data section

Time (3 digits)

The time after rocket firing will be given in minutes and tenths. The standard time intervals
are: (a) 0.5 minute to and including 5.0 minutes after firing; (b) 1.0 minute intervals from 5.0 through
20.0 minutes; (c) 2.0 Ininute intervals from 20.0 minutes to termination.

3.2 Altitude (4 digits)

Heights will be indicated m 10's of geometric metres above mean sea level (MSL).

3.3 Component S-N wind (3 digits plus sIgn: -N, + S)

Component W-E wind (3 digits plus sign: -E, +W)

Components will be given in metres/sec.

3 .4 Veetor wind
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3.4.1 Direction (3 digits)

Direction will be entered III whole degrees.

3.4.2 Speed (3 digits)

Wind speed will be given In metres/sec.
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4 . Thermodynamics section

Each line selected as a significant temperature level by criteria in the current Ramnsonde Manual.

4.1 Altitude (4 digits)

Heights above mean sea level (MSL) "nil be gIven In 10's of geometric metres.

4.2 Temperature (uncorrected) (3 digits plus sign)

TempeN'ture (corrected) (3 digits plus sign)

Temperatures will be recorded in degrees (DC) and tenths of degrees.

4.3 P"essure (5 digits)

Pressure will be given in hundredths of millibar (mb) for pressures greater than 1. mb j for pressures
1 mb, or less, in thousandths of millibar (~b).

4.4 Density (5 digits)

Density will be recorded In thousandths gm/m' (mg/m').

4.5 Speed of 80und (4 digits)

The speed of sound will be indicated In metres/sec.

5: Atmospheric eomposition section

Each line selected as significant level by criteria which are yet to be developed.

5.1 Altitude (4 digits)

Heights above mean sea level (MSL) will be gIven In 10's of geometric metres.

5.2 Ozone (3 digits)

Ozone concentration will be gIven as IJ.mb.

5.3 Electron density (2 digits)

Electron density will be given ill E/cm3 .

5.4 Lyman alpha radiation (2 digits)

Tenths of microwatts per cm2•

6. Rawinsonde data section

A selection of standard height levels (2 km intervals) and of mandatory pressure surfaces (1.0 mh,
50 mb, 100 mb, 500 mb, 700 mb).



40 APPENDIX 5

6. 1 Pressure (4 digits)

Pressure will be given 1Il millibar (mb) to the nearest tenth.

6.2 Altitude (4 digits)

Heights above mean sea level will be entered in la's of geometric metres.

6.3 Component winds

See paragraph 3.3 above.

6.4 Veetol' wind

See paragraph 3.4 above.

6.5 Relatiee Immidity (2 digits)

Relative humidity will be expressed 1Il percentage (%).

6.6 Temperature (3 digits plus sign)

Temperature will be given in degrees (DC) and tenths of degrees.
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