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This collection of papers is about the world’s constant level balloon data during 1970 through 1980.
These balloons were not allowed to overfly the land masses of the Northern Hemisphere so they had

to remain in the Southern Hemisphere. The data include:

EOLE: Many balloons over the Southern Hemisphere Aug 1971 -~ Dec 1972. NCAR has the

dataset of balloon locations.

TWERLE:  Dataon NCAR tapé for 13 Jun 1975 to 09 Aug 1976. The Southern Hemisphere balloons
floated near 150 mb. By 17 Aug 1975, there were 95 balloons up and working, and more

later.

FGGE: Jan 1979 - on. About 10 balloons were operational by 8 Jan 1979 and a peak of about 80
operational by about 3 Feb 1979. Since there were no more launches, the active balloons
decreased to about 18 by 5 Mar 1979. (This was for the Winter Monex period.) Maybe

there were more launches for summer Monex?
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NCAR has been using most of the available constant level balloon data for reanalysis. However, when (and if)
time becomes available for more work, a significant amount of additional wind data could be added. Table 1
shows the constant level balloon data at NCAR.

TABLE 1. CONSTANT LEVEL BALLOON DATA (STATUS SEP 2000)

NCAR

Data Dates Dataset Number Comment

EOLE 08/71 -12/72 DS 800 No winds yet. They need to be calculated.

TWERLE 07/75 - 08/76 DS 615.0 There are not enough winds. Work should be
done to add more.

FGGE Mostly 1979 DS 800.1 We used this and it should include all Monex
balloon data.

Monex Mostly 1979 - DS 800.2 Did not use this. The best version should be in
the FGGE dataset (in 2nd version FGGE).

Notes:

a. We should have the EOLE balloon data for 21 Aug 1971 through 23 Dec 1972 (16 months). The coverage
for the Southern Hemisphere was good. The tapes give time and location data. Winds are no longer '
available and need to be calculated.

b. Monex. Atthe time; we got the advice that it was best to use the Monex data from the FGGE dataset source.
This sounded reasonable because the preparation of the data went through different paths. There is a little
lack of proof; we never had time to check to be certain that the data are in the FGGE dataset.

c. This text is a collection of papers that give a lot of information about the constant level balloon data.

Constant Level Balloons for Southern Hemisphere
(We propose a new set of balloons)

It would help data coverage a lot if we had a set of 100 active balloons in the Southern Hemisphere, located near
150 mb. The French EOLE experiment gave us this coverage and TWERLE also gave it (along with an
altimeter), but these experiments were soon gone.

When an observing platform can give valuable data for an isolated region, and do it at a very low cost then we

need a more active discussion. In 1989 — 90, a company proposed a continuous set of 100 balloons near 150
mb, at a cost of $1.6m per year. This seems very attractive.
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A list of some of the papers in this text:

Data for Constant Level Balloons (2 p) 21 Apr 1999 - Roe 1l ‘&W 2oe0
Try for More Observations for Southern Hemisphere (1 p) 1 Sep 2000
The TWERLE Experiment, Bull. AMS, Sep 1977

The TWERLE Balloon Dataset (Jenne, 5p) 8 Apr 1996

The EOLE Format-2 Tape (2 p), a letter in 1972

DS 800 EOLE Balloon Data (Jenne, 6p) 11 Apr 1973

TWERLE Data (Jenne, some notes, 2 p) 7 Jul 1995

TWERLE Balloon Data to Send NMC (Jenne, notes) 27 Feb 1996
EOLE Experiment, Early Results... (Morel, Bull. AMS) Apr 1973

10. EOLE, some letters and messages

11.  GARP: FGGE, Winter Monex... (drifting balloons, 4p)

12. A Balloon System to Give Us Data (Jenne, information on proposal)
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We can use constant level drifting balloons for reanalysis. The three main periods are:
Experiment Time v | ~ Comment
a. EOLE Aug 71~ Dec 1972 100 balloons over Southern Hemisphere.
Down to about 35 balloons in Jul 1972.
b. TWERLE Jul 75 - Aug 1976 Many balloons
c. FGGE Mostly 1979 Some data in FGGE dataset

1. Constant Level Balloon Data, Southern Hemisphere

a.  EOLE balloons (21 Aug 1971 - 23 Dec 1972). Near 150mb. An archive of balloon locations is available at
.NCAR (See Bull. AMS Apr 73). Does our archive stop in Jul 19722 Winds need to be calculated and
there is no time.
» New winds have not been calculated yet (valid Sep 2000).
* The data can’t be used for reanalysis as yet, because there are no winds (as of Apr 1999).
b. TWERLE (Jul 1975 - Aug 1976) some later. Near 150mb. (See Bull. AMS Sep 1977)
This is an important archive to include in reanalysis. TWERLE balloons had a good tiny altimeter that
could measure the distance from balloon to the ocean. When used along with the pressure at balloon
level, this gives us data like one mandatory level in a rawinsonde report.
* They gave good data coverage for Southern Hemisphere, near 150mb.
= Ready for reanalysis on 15 March 1996 (it was used for NCEP/NCAR reanalysis).
* Some more work on the primary archive may allow us to extract more good data.
c. The FGGE data for 1979 is being used for reanalysis. The FGGE data includes some constant level
balloon data.

> > > > More information about EOLE and TWERLE follows < << <<

- 2. EOLE Balloon Experiment (over Southern Hemisphere), 1971, more information

Time: For 21 Aug 1971 - 23 Dec 1972. (Note: This dataset does end in Dec 1972, not July.)
The constant-level balloons drifted near 200mb.
Balloons: 50 were up in Sep 1971, 130 in early Oct, 280 in Nov 1971, about 40 balloons in July 1972. There
were 155 days with more than 100 balloons aloft. The French made a motion picture of balloon tracks. It
outlines the evolving big waves in the circulation pattern and is very interesting. See paper about EOLE by
Morel and Bandeen, Bull. AMS Apr 1973.
.= The archive of balloon location data is available from NCAR. In about 1997, NCAR gave a copy of the
archive back to France.
- Someone needs to calculate winds
- These data have not been used for reanalysis

Note: 1have seen literature that used winds from EOLE balloons. But it appears that the winds were not
archived.

ClibPDF - www . fastio.com



Data from CL Balloons
Roy Jenne
Page2

EOLE balloons

» Augl971 - Dec 1972
e No winds yet
e We need to calculate winds

3. TWERLE Balloon Data (Jul 1975 — Aug 1976). (See Bull. AMS, Sep 1977)

Constant level balloons near 150mb gave rather good data coverage of the Southern Hemisphere during this

period. The TWERLE balloons had a tiny altimeter that gave the distance to the ocean (or land) with an

accuracy of about 10 meters. The reports also give the pressure, and over water they can be used like one

mandatory level (near 150mb) in a rawinsonde ascent.

* Ready for the NCEP/NCAR 50-year reanalysis on 15 March 1996 (it was used).

* [t was provided to ECMWE on Jul 30, 1998.

* Some more work on the primary archive may allow us to extract more good data. So far, winds are not
given for one general case where they could be calculated.

» History: The data were also used to give better information about the elevation of the Antarctic ice cap.

\

Note: 1 think that only the TWERLE wind data were used in reanalysis
(not heights).
o It would be useful to see how well the reanalysis (near 150 mb) fits
the pressure - height data from the TWERLE balloons.
e Not enough TWERLE winds are available. More should be derived.
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There are very few in situ observations for the Southern Hemisphere in the west wind belt about 35
to 65 South Latitude. It would really help to have more observations there, such as a continuing set
of 100 balloons near 150 mb, as for TWERLE.

In 1989 - 90, I tried to see if it might be possible to establish such a program. We even got a
proposal to do it for $1.6m per year plus some donated help (like balloon launches). This is very,

very chéap for what it would give to the world, yet we could not make it happen.

e Perhaps I could not free up enough time to really sell it in a more active way.

e Thereis a paper about this proposal in this set of papers.
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This paper is dedicated to two men from the University of Wisconsin, Mr. Charles Blair and

Mr. John Kruse,
TWERL Experiment.

a systems test, five years before the full impor

who helped to develop the balloon-borne scientific equipment used in the
These men lost their lives in an aircraft accident when returning from
tance of their contributions was realized. We

hope the results reported in this paper will serve in some small way to testify to their good work.

Abstract

One of the experiments aboard the Nimbus-6 satellite was a
data collection and Doppler location system used in conjunc-
tion with a fleet of instrumented superpressure balloon plat-
forms. The acronym TWERLE stands for Tropical Wind,
Energy Conversion, and Reference Level Experiment, after
its principal scientific objectives. A brief system description
is given together with a discussion of the launch, in the
tropics and Southern Hemisphere, of the 400 balloon plat-
forms. The platforms were designed to float at a nominal
pressure of 150 mb. A number of preliminary scientific results
are discussed in different subject areas. The large, or hemi-
spheric scale, dispersion of the platforms exhibited definite
nonrandomness in that clustering in certain regions of the
tropics occurred while other regions were avoided. Owing to
the fact that the balloons drift with the wind on a surface
of constant density, the basic data are quasi-Lagrangian in
nature. Some interesting aspects of such data are discussed.
Notable was the fact that ~25%, of the balloons launched
from Christchurch, New Zealand (44°S), at some time in
their history entered the Northern Hemisphere. The
TWERLE platforms carried sensors for measuring pressure,
temperature, and altitude. Such sensor data permit investiga-
tions of various kinds of wave motion that influence the
balloon platforms. Among those motions investigated and
discussed are gravity waves, orographic lee waves, and forced
wave flow over developing convective clouds. The subjects
covered here are intended to demonstrate the extraordinary
flexibility and utility of an instrumented superpressure
balloon system using a satellite vehicle for data collection
and for location determination.

1. Introduct‘ion

The Nimbus-6 spacecraft carries an experiment designed
to locate and collect data from a large number of
drifting ‘platforms. In the case of the Tropical Wind,
Energy Conversion, and Reference Level Experiment
(TWERLE), these platforms were instrumented balloon
platforms designed to float on a constant density surface.
The design, launching, and tracking of these balloon
platforms represents the work of a large number of
people, all of whom while essential to the success of
TWERLE cannot be acknowledged individually here.
TWERLE is a joint program of the NASA Goddard

1 P. Julian, V. Lally, and W. Kellogg of NCAR; V. Suomi,
University of Wisconsin; and C. Cote, NASA Goddard Space
Flight Center. .

Principal architects of this article are: P. Julian, NCAR,
Boulder, Colo. 80307; W. Massman, University of W isconsin,
Madison, Wis. 538706; and N. Levanon, Tel Aviv University,
Tel Aviv, Israel.

NCAR is sponsored by the National Science Foundation.

5% Bulletin of Amercosn Wibastaid Sec

ClibPDF - www . fastio.com

Space Flight Center, the University of Wisconsin, and
NCAR. : .
The original scientific objectives of the experiment
were: ‘

1) to obtain an adequate density of wind and tem-
perature measurements in the tropical upper tropo-
sphere with the purpose of studying the interac-
tions of tropical circulation systems with those of
middle latitudes; :

2) to obtain data on the pressure gradients along
balloon trajectories that can be related to the rate
at which potential energy is converted to kinetic
energy in the upper atmosphere;

3) to study the need for and the characteristics of an
in situ measurement of pressure and temperature
at a known geometric altitude (the principal use of
reference information would be to provide a fidu-
cial point for remote atmospheric temperature
sounders such that sounder data can be more ac-
curately assimilated by large global atmospheric
circulation models).

The modification of eight of the TWERLE balloon

platforms to allow recording of the sensor data for sev-

eral hours each day permitted a global investigation of

gravity and other wave activity at balloon altitude.
Thus another scientific objective was added:

4) to-investigate various modes of gravity waves in the
upper tropical troposphere and lower mid-latitude
stratosphere.

TWERLE is a GARP-related experiment. The loc
tion and data collection system on Nimbus-6 resulted
in a successful effort to fly a simple, reliable system that
uses low-cost platform expendables. The concept of 2
random Doppler system allows simplicity and low cost
with no sacrifice in position accuracy. The concept of
an instrumented balloon platform not only allows the
determination of Reference (Level) Information for 2
global-observing system but has also proven that prob-
ing of various kinds of wave activity at balloon altitude
is possible. .

The TWERL Experiment drew upon the expertist
and technology of a number of previous experim(f“ts
using the combination of GHOST-type balloons (Lally
et al., 1966) and orbiting satellites. These tracking ap
data collection ckperimcms were summarized by Master

Vol. 58, No. 9, September 1977
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