E uf} J ;
e A
T |

-
1
; i "WORLD METEOROLOGICAL ORGANIZATION
|
| UPPER-AIR INSTRUMENTS
F
| AND OBSERVATIONS

Proceedings of the WMO Technical Conference,

Paris, 8-12 September 1969

|

A

Secretariat of the World Meteorological Organization - Geneva - Switzerland

-~

= e e ————— s - e s et N ——




WORLD METEOROLOGICAL ORGANIZATiON

UPPER-AIR INSTRUMENTS
AND OBSERVATIONS

Proceedings of the WMO Technical Conference,
Paris, 8-12 September 1969

Secretariat of the World Meteorological Organization - Geneva - Switzerland
1970



© 1970, World Meteorological Organization

NOTE

The designations employed and the presentation of the material in this publication do not
imply the expression of any opinion whatsoever on the part of the Secretariat of the World
Meteorological Organization concerning the legal status of any country or territory or of its
authorities, or concerning the delimitation of its frontiers.

Editorial note : This publication is an offset reproduction of typescripts submitted by the authors.



VIII

AVANT-PROPOS

Il est, depuis longtemps, reconnu que les progrés de la météorologie
dépendent dans une large mesure des perfectionnements opportés aux méthodes d'obser-
vation de la houte atmosphére. Ainsi, par exemple, l'apparition de la radiosonde
durant les années 20 avait marqué un progrés important, Depuis lors, on utilise - ou
1'on envisage d*utiliser - des dispositifs tels que les sotellites, les fusées et
les ballons & niveau constant. En outre, la mise au point de méthodes de prévision
numérique a révélé qu'il était plus nécessaire que jamais d'oméliorer les réseaux de
stations d'observation en altitude et d'atteindre des niveaux plus élevés lors des
sondages.

Ces diverses considérations ont incité 1'Organisation météorologique mon-
dicle & convoquer une Conférence technique sur les instruments de mesure et les
observations en altitude. On en avait congu l'idée pour la premiére fois en 1966, et
le Groupe de travail exécutif de la Commission des instruments et des méthodes d'ob-
servation (CIMO) de 1'OMM avait élaboré, en aolt 1967, un programme prévisoire pour
lo conférence. Le gouvernement frangaois s'est aimablement proposé d'accueillir
celle-ci & l'occasion de la cinquiéme session de la commission, qui s'est tenue en
septembre 1969, et M. V. Marc (France) a été élu directeur technique de la confé-
rence.

Vu le succeés de cette derniére, et dans 1'intérét de ceux qui n‘ont pas pu
y ossister, il a été décidé d'en publier les comptes rendus.

Je suis heureux de profiter de cette occasion pour remercier de leur pré-
cieux concours le bureau de la conférence et tous les participants. Je voudrais ici
rendre un hommage tout particulier & 1'appui enthousiaste de M. V.D. Rockney, prési-
dent de la CIMO,

L:;t_ZZ_/t::TTIAku&—-,

-

D.A. Davies
Secrétaire général



NMPEINCIOBUE

IaBHO NPM3HAHO, UTO NPOTpecC B MeTBOPOJIOrMM 3aBUCHUT B OCOJABMOWU
cTeneHu OT Nporpecca B MeTonax HaGuaoneHuit 3a BepxHelt aTMmocpepoit. Tak, Ha-
npuMep, NOoABIeHMEe PaALMO30HIOB B 20-X rojax Hamero CTOJeTuA O3HAMEHOBAaJO
co60ii BaxHblil mar Boepeld. C TeX mOop B NOBCEAHEBHYw OpPAKTMKy Bomau (uIM
Bonpoc 06 3TOM HAXOLUTCH B OpolLlecce PACCMOTPeHMA) Takue TeXHUUeCKMe CpelcCT-
Ba, KAK CIHyTHUKM, PAKeTH ¥ ypaBHOBemeHHble mapsl. Kpome TOro, pasBUTUE METO-
IUKM YUCIAEHHBIX IPOrHO30B IIOTOLb NHOLYEPKHYJO HeOOXOIAMMOCTbL B yJAYyYMEeHHbHX Ce-
TAX A3POJOrMYEeCKMX CTaHUMH, & TAKEe HeOOXOLMMOCTb B JOCTUxREHUM OOJNbmMHUX Bbl—
COT NPK 30HIMPOBAHUAX.

Mes B Buany aTu coobpaxeHud, BcemupHas Mereopoaoruueckas Opra-
HUBAUMA pPEemMJA IPOBEeCTM TeXHMUECKyw KOHQEePeHLMio OO 83POJOTUUYECKUM npudopam
¥ HaGJaoleHUAM. OTa MIeA BnepBule BO3HMKIA B 1966 roay, M npenBapuUTelbH&A N0-
BEeCTKA IHA KOHpPepPeHUWM Ohja NOLTOTOBJEHS MCHOIXHUTEAbHOR paGodeil rpynnoi
Koumuccun BMO no npuSopaM ¥ MeTonaM Habmonenui (KIMH) B asrycre 1967 roza.
MpapuTesbcTBO PpaHUMM A0OGE3HO NPEelAOXMJIO NPOBECTH KOHPepeHUMo y celdA B
ctTpaHe COBMeCTHO C maTod ceccueit Komuccum, cocrosaBmeiica B ceHTAGpe 1969 r.,
u r-d B. Mapx (QPpaHuusa) Obia BhIOPAH B KAYeCTBE TEXHUUYECKOrO AMPEKTOpPa.

BBuay ycmexa 3TOR KOHpepPeHUMM KM 1JaA OOAbL3bI Tex, KTO He CMOr mpu-
HATbL B He#i yuacTus, ObIO pemeHO ONyOAUKOBATHL ee TPYJbl.

fl pal BOCHOXIbL30OBATHCA 3TO{ BOSMOXHOCTbI0, YTOOH BHPA3UTH CBOW
NPUBHATENBHOCTbL 38 UEHHYl® NOMOmb, OKA3AHHY® OTBeTCTBEeHHBIMM COTPYIHUKAMU IO
npobBeleHmo 3TO# KOHPepPeHUMM M BCeMH yUACTHHUKAMU. 1 ocoGeHHO OaaronapeH 3a
NOJHYW OSHTYy3MA&3M& HOILIePXKy CO CTOPOHH r-Ha B.I. Pokuu, npeaunexHtra HKIMH.

H.A. JoaBuc
leHepalbHuit cekpeTaphb




PROLOGO

Desde hace tiempo se ha llegado a la conclusién de que el progreso de la
meteoroclogia depende en gran medida del perfeccionamiento de los métodos de obeerva-
cién de la atmésfera superior. A4s{, por ejemplo, la aparicién del radiosonda alre-
dedor del afio 1920 constituyd un avance importante en esta materia. Desde entonces
se han empezado a utilizar o a estudiar instrumentos tales como los satélites, cohe-
tes y globos de nivel constante. Por otra parte,la creacién de las técnicas de pre-
diccién meteorolégica numérica ha acentuado la necesidad de disponer de redes mds
perfectas de estaciones de observacién en altitud y de que los sondeos alcancen ni-
veles mds elevados.

Teniendo presente estos hechos,la Organizacién Meteorolégica Mundial deci-
dié organizar una Conferencia Técnica sobre instrumentos y métodos de observacidén en
altitud. La idea fue concebida primeramente en 1966, y en agosto de 1967 el Grupo
ejecutivo de trabajo de la Comisién de Instrumentos y Métodoe de Observacién (CIMO)
de la OMM elaboré el orden del dia de dicha Conferencia. El Gobierno de Francia
ofrecié amablemente su hospitalidad para acoger la Conferencia, con motivo de la
quinta reunién de la Comisién que se celebrd en septiembre de 1969. E1 Sr. V. Marc,
de Francia, fue nombrado Director Técnico.

En vista del éxito de la Conferencia y en beneficio de las personas gue no
pudieron asistir, se decidié publicar las actas de la misma.

Me complace aprovechar esta oportunidad para expresar mi agradecimiento
por la valiosa ayuda aportada por las autoridades de la Conferencia y por todos los
participantes. Doy las gracias especialmente al Sr. V.D. Rockney, Presidente de la
CIMO, por su entusidstica colaboracidn.

ISTUAS e,
—_—

(D.A. Davies)
Secretario General
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INTRODUCTION

This Technical Conference brought together, for the first time on the inter-
national scale, scientists and engineers concerned principally with weather measurements
in the upper air. Nine key subject areas became the basis for the formal programme, with
speclal emphasis on the new and emerging technologiles. In consideration of this emphasis,
special attention was given to such questions as indirect measurement of temperature and
water vapour profiles from satellites, constant-level balloons and their instrumentation,
meteorological rocket systems, new land and marine radlosonde and radiowind systems, sys-
tems for soundings of the lower troposphere, and the problems of sounding at high levels
for supersonic transport alrcraft and for investigation of stratospheric warmings.

It is believed that the conference succeeded in its principal purpose, that of
bringing together for technlcal discussions many of the key persons involved in the design
and operation of equipment used for measurements in the upper air. It is the purpose of
this publication to place con permanent record the proceedings of the conference, so that
its beneflts can likewise be extended to those who are interested in the subject but who
were not privileged to attend.

I should like to take this opportunity, on behalf of WMO's Commission for Ins-
truments and Methods of Observation, to express sincere appreciation to the Government of
France for their gracious hostship of the conference, to Mr. V. Marc for his capable
leadership as its Technical Director, and to Mr. G. W. Kronebach for his service as Exe-
cutive Secretary.

Vaughn D. ROCKNEY
President, CIMO




XII

INTRODUCTION

Cette conférence technique a rassemblé pour lo premiédre fois sur le plan
international des hommes de science et des ingénieurs qui s'occupent principalement
de mesures météorologiques en altitude, Neuf sujets principaux ovaient été inscrits
au programme, l'accent portant tout particulidrement sur les techniques récentes et
sur celles qui sont congues actuellement. Ainsi, une attention porticuliére a été
accordée aux questions suivantes : mesure indirecte des profils de la température
et de la vopeur d'eau & partir de satellites, bollons & niveau constant et leur
appareillage, systémes de fusées météorologiques, nouveaux systémes de radiosondage
et de radiovent utilisés sur terre et en mer, systémes de sondoge de la basse tro-
posphére, problémes liés aux sondages & houte altitude pour l'assistance aux avions
de transport supersoniques et pour l'étude du réchauffement de la stratosphére.

Nous pensons que la conférence a atteint son objectif principal, qui
était de rassembler pour des discussions techniques de nombreux éminents spécialis-
tes de la mise au point et du fonctionnement des équipements utilisés pour les
mesures en altitude, GrGce & la présente publication, qui contient les actes de la
conférence, tous ceux qui n'ont pas eu le privildge d'y assister et qui s'intéres-
sent aux sujets traoités pourront également en tirer profit.

Je voudrois saisir cette occasion pour exprimer, au nom de la Commission
des instruments et des méthodes d'observation de 1'OMM, mes remerciements sincéres
au gouvernement frangais,qui a accueilli si aimablement la conférence, & M, V., Marc
qui en a assumé la direction technique avec une compétence remarquable, et &
M. G.W. Kronebach qui exergait les fonctions de secrétaire exécutif.

Vaughn D. ROCKNEY
Président de la CIMO
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BBEIEHUE

dta TeXHUUeCKAaA KOHepeHUMA cobpaya BMeCTe — BllepBble B MexIyHa-
ponHoM mMacmTalbe - yYeHHX M MHXEeHepDOB, 3AHUMAOWLMXCA IIPEeUMymeCTBEHHO BOIPO-—~
CANU METEeOPOJNOTUYEeCKUX M3MeDeHUH B BepPXHUX CIAOAX aTMochepbl. ReBATh OCHOB—
HbIX TeM ABUJUCH OCHOBOR Ana OoPUUMANLHON OporpaMusl, B KOTOPO# ocob60e BHUMA-
Hue Oblao yleJeHO HOBO# noabBaAwmeiica TeXHuke. [Ipu paccMOTDPeHMR JTOr'O acCHek-
Ta 0Cc0o00e BHMMAHHME ObIJO yledeHO TaKUM BOOpocaM, KaK WM3MepeHuA CO CHYTHUKOB
C OOMOmbI0 KOCBEHHBIX MeTONOB INpopuieid TeMuepaTyphl U BOLAHOro napa, ypaBHO-
BemeHHbIe MAPhl ¥ OPUOOPH, METEOPONOrHYEeCKMe DPaKeTHble CUCTeMbl, HOBbie HA3eM—
Hble ¥ NOPCKMEe PAIMO3OHIOBhEe M PAIMOBEeTPOBbIe CHUCTEMbl, CUCTEMbl LJA 30HIMPO—
BaAHUA HUxXHe# Tpomocpepsl M npoluaedbl IOHIMPOBAHMUA BeDXHUX ypPOBHell 1nad4 uexaeit
CBEPX3BYKOBOW TDPAHCHOPTHOI aBMALUMM U 1Id UCCIelOBaAHMI nmoTenyeHuit B CcTparo-
cpepe.

CuuTaeTCd, UYTO KOHPEepPeHUMA MUMeJA ycHoeX B OTHOmEHUM CBOel riabs-
HOll ueuau, T.e. cobpaja BMeCTe INJA TEXHUYECKON AMCKyCCHMM MHOIMX u3 H3BeCT~
HMX JHL, 38HUMBOHKXCA BOUPOCAMU NPOEKTUPOBAHMA M palborThl 060pynCcBaHuA, HC—
NOAb3yEeMOr0o IN&iSA M3MepeHudl B BepPXHMX cCaosax armocdepnl. lleab HacTodAmeR nyOoamn-
Kauuy¥ 3aKJoyaeTcA B M3N8HMM TDPYROB KOHPepPeHUMH C TeM, 4TOoOB ee pe3yabTaTa-
MM MOTJIW TAKxe BOCHOJAb30BaAThLCA BCe Te, KTO 3auMHTepecOoBaH B 3TOM Bonopoce,
HO KTO He MMeeT BO3MOXHOCTHM INPUHATH yuyacTue B ee paboTe.

1 xoTel Ob BOCHOJAL3OBATLCHA OTOl BO3MOXHOCTbLIO, UTOOB BHIPA3UTHL OT
uMeru Komuccuu BMO pmo mpubopaMm ¥ MeTonaM HaCIaoleHHMi MCKPeHH0H0 IPU3HATEIb-—
HOCTb NpaABUTEILCTBY PpaHUUM 38 Jgobe3Hoe I'OCTENPUUMCTBO, r—-Hy B. Mapky 3a
ero ydejoe PYKOBOILCTBO B KAYeCTBe TeXHUYECKOro mupekTopa u r-uy JIx.¥Y. Kpo-
HefaXxy 3a ero ycayrm B KAYyeCTBe UCHOIHUTEIbHOI'O CeKpeTapA.

B.X. Pokhu
lIpeaunenT KIMH
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INTRODUCCION

Esta Conferencia Técnica reunid por primere vez y con cardcter internacio-
nal a los cientificos e ingenieros dedicados principalmente a las medidas meteorold-
gicas de la atmdésfera superior. El programa oficial se funddé en nueve temas funda-
mentales, concediéndose especial interés a las nuevas y futuras técnicas. Por este
motivo se estudiaron especialmente las cuestiones siguientes: medidas indirectas de
la distribucién de la temperatura y del vapor de agua, a partir de los satélites;
globos de nivel constante y sus instrumentos; sistemas de cohetes meteorocldégicos;
nuevos sistemas de radiosonda y de radioviento para las estaciones terrestres y mari-
timas; sistemas de sondeo de la troposfera inferior; problemas de sondeoc a niveles
superiores para los aviones supersénicos de transporte e investigaciones de 1los ca-
lentamientos estratosféricos,

Se cree que la Conferencia fue un éxito por lo que se refiere a su objeto
principal que fue el de reunir, con el fin de celebrar debates técnicos, muchas de
las personas mds calificadas que intervienen en el disefio y funcionamiento del equirpe
utilizado en las medidas de la atmdsfers superior. El objeto de esta publicacién es
hacer constar con cardcter permanente los debates de la Conferencia, de mcdo que sus
beneficios puedan llegar a las perscnas interesadas en estas cuestiones pero que no
tuvieron el privilegio de participar en la reunidén,

Quiero aprovechar esta oportunidad para expresar, en nombre de la Comisidn
de Instrumentos y Métodos de Observacién de la OMM, mi sincero agradecimiento al Go-
bierno de Francia por haber ofrecido graciosamente su hospitalidad para la Conferen-
cia, al Sr. V. Marc por su competente labor como Director Técnico de la misma y al
Sr. G.W. Kronebach por los servicios prestados como Secretario Ejecutivo.

Vaughn D. ROCKNEY
Presidente de la CIMO



SESSION |

New Marine Radiosonde/Radiowind System
(Including Automation)
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ON THE NEED FOR OCEANIC RADIOSONDE AND
RADIOWIND DATA AND THE PROBLEMS OF OBTAINING THEM

by Vaughn D. Rockney

Introduction

Insofar as improvement of upper-air weather measurement networks

for the World Weather Watch is concerned, one of the greatest
problems is that of increasing the amount of rawinsonde data over
the oceans. Although new observational techniques, such as mete-
orological satellites and constant-level balloons, may in the future
obviate the need for '"conventional' upper-air observations over the
oceans, we must plan, for the next decade at least (and if the
operational and research needs of WWW and GARP are to be met), to
make rawinsonde measurements on many more ships than at present.

The making of radiowind observations on ships is complicated by

the fact that ships move horizontally, and change their attitude
and orientation. The technique of making such observations on ships
that are specially-equipped for the purpose (i.e., with special
radar or radio-direction-finding equipment) is well-proved on ships
of many countries. Likewise the techniques of making radiosonde
observations from a wide variety of 'ships of opportunity" (i.e.,
ships of various kinds, not equipped with high-precision radar or
r.d.f. equipment for upper-wind finding, sailing to various places
in the world more or less at random, and from which weather obser-
vations might be obtained if the ship were properly equipped and
staffed), has been well-proved. But the problem of obtaining

radiowind data comcurrently with radiosonde data, from ships of

opportunity, is difficult for the following reasons:

a) The design of low-cost equipment that will give satisfactory
results, presents many technical problems.

b) Such a ship often changes its route of travel and sometimes
travels in areas from which rawinsonde data are not needed,
hence the equipment must be reasonably portable so that it
can be easily removed for installation on another ship that
will sail in an area from which such observations are needed.

¢) On many ships of opportunity, the space aboard for complicated
antennas and special equipment is very limited.



d) There is very limited berthing space on some ships of oppor-
tunity for personnel to operate and maintain weather equipment.
Therefore, and for reasons of economy, the size of staff must
be kept to a minimum. This means that the equipment must be
simple to operate and require only a minimum of maintenance.

It is desirable also that the weight of the equipment carried aloft
by the balloons should be as small as possible. This minimizes the
size requirement for balloons, which in turn decreases the requirement

for inflation gas, permits use of a small inflation shelter (which
might be able to be installed on ships that could not accommodate
a larger shelter), and facilitates balloon release.

It can readily be seen that an anamalous position has been reached;
if it is to be economically feasible and technologically practical
for us to establish rawinsonde programs on the large number of ships
of opportunity that ought to be equipped with rawinsonde equipment

to augment the amount of upper-air data over the oceans, we need
equipment that is simple, dependable, semi-portable, easy to maintain
and operate, light in weight, yet low in cost and yielding accurate
results.



II.

Technical Requirements for Marine Rawinsonde Data

It is impossible to define a single set of requirements for the

accuracy of marine rawinsonde data that will satisfy all users.

For the global scale and the WWW it seems best to aspire to meet
the global requirements specified by the Commission for Synoptic
Meteorology. The latest expression of these requirements is as

stated below:

Pressure + 1 mb.
Temperature + 0.5° C
R.H. + 5% up to the first tropopause
or 300 mb., whichever is the
lower;
+ 10% for higher levels
Wind direction + 5° in wind speeds above 25 m/sec.
+ 10° for lower wind speeds
Wind speed + 1 m/sec. below 10 m/sec.;
+ 10% above 10 m/sec.

As to the required altitude that should be sought, it is the author's
personal view that for operational purposes this should be about
28 km., based on experience in the USA. (It should be noted that

to reach this altitude under all conditions of winds aloft, necessitates

that the equipment have the capability of satisfactory reception to
slant ranges of 250 km.) Good data can be obtained to this altitude
with moderate-priced balloons and reasonably-priced radiosondes; to
obtain accurate data at average altitudes much above this would
necessitate:

a) Use of larger balloons, of higher price, requiring more
inflation gas and larger inflation shelters, more difficult
to release, and

b) Use of hypsometer-equipped radiosondes and perhaps a different
temperature sensor as well.

Based on experience in the USA, it costs at least half again as much
to average 33 km. as it does to average 28 km., if one considers only
costs of expendables.



