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FOREWORD
It is probably fair to say that the Global Atmospheric
Research Programme owes its existence to the concept
that there would be global experiments. The Global
Experiment has always been the focal point to which
GARP efforts, be they in instrumentation, numerical
methods, or improved understanding of atmospheric
physics, were directed. The outlines of such an experiment were sketched during the 1967 Skepparholmen
Conference. Since then they have been refined and modified in the light of understanding which has been gained
in the interim. It is nevertheless a tribute to the participants of the Skepparholmen Conference that the Global
Experim~nt as now envisaged is recognizably of the
same genus as that proposed in 1967.
A very important milestone in the progress towards
the Global Experiment was passed in September 1972
when a Planning Conference was held in Geneva. At
this Planning Conference the nations agreed that the
concept of a global experiment was a valid one and that
detailed arrangements for conducting this experiment
should be put in hand.

The present document, prepared by the Joint Planning
Staff, is derived from the principal Joint Organizing
Committee briefing paper for that conference. It sets
forth the reasons for conducting the experiment and
present thinking on the nature of the experiment.
This document is being published in the GARP Publications Series with the hope that it will help keep the
community of atmospheric scientists informed about
progress towards the Global Experiment, which may be
the biggest concerted international scientific effort which
has ever been attempted.

R. W. STEWART
Chairman, Joint Organizing Committee

THE GLOBAL EXPERIMENT
A summary of the objectives and plans

Through theoretical considerations and numerical
experiments with the aid of physical-mathematical models
of the atmosphere, it has been demonstrated that there
exists a considerable gap between our present ability to
predict the large-scale motion of the atmosphere and the
ultimate limit of predictability.
The experience gained from research within this field
of meteorology has also revealed that a considerably
better knowledge of the behaviour of the global atmosphere is required before we can significantly increase the
length of time for which useful forecasts can be computed.
Furthermore, we need to understand the physical
basis of the climate of the earth much better, particularly as man's possible interference with the natural
processes is becoming a problem of prime concern.
The Global Experiment is an attempt to lead the way
to the possible limit of deterministic forecasting. It will
also provide a world-wide test of how well existing
models of the earth's atmosphere can simulate the present
climate which is a necessary step before one addresses
oneself to the problem of climatic change.
It is an experiment of limited duration that is based
on recent technical and scientific advancements and that
co-ordinates further work in these fields in all parts of
the world in such a way that they culminate in the same
time period and thus complement each other to the
fullest possible extent.
It is proposed that the Experiment commence in 1977
and last for a period of approximately one year, with
two periods - each of one month's duration - of intensified observations; it will thus provide a global data set
which is more complete than at any previous time in the
history of meteorology.

The main objectives
The following four major objectives justify the aim of
having more detailed observations of the global atmosphere than ever before:
(i) To obtain a better understanding of atmospheric

motion for the development of more realistic models
for extended range forecasting, general circulation
studies and climate.

Considerable deficiencies in our understanding of the
planetary scale motion still exist. In particular, the
dynamics of the ultra-long waves and the occasional
blocking of the westerly flow in middle latitudes are
far from fully understood and the present models do
not describe these processes well. A better knowledge is required of the large-scale dynamics of the
Southern Hemisphere and the dynamic coupling
between the two hemispheres. A further exploration
of the tropics is also needed.
The GARP Atlantic Tropical Experiment in 1974
covers only a limited portion of the tropics and will
evidently not give all the information of the largescale dynamics which is required. For example, the
underlying causes of the monsoon need to be studied
further. We need to observe and analyse the interaction of the various scales of motion in the atmosphere in our attempts to devise improved methods
for representation of the small-scale motion not
explicitly handled in the models, but nevertheless of
importance to the large-scale processes (the parameterization problem);
(ii) To assess the ultimate limit of predictability of
weather systems.
Depending on the assumptions made, the estimates
of the length of time during which weather systems
can be predicted vary from one to three weeks. This
span of uncertainty calls for further study to establish the practical and theoretical limit of predictability more firmly. Neither are we aware to what
extent forecasts of average weather conditions during
a week, a month or a season are possible. Forecast
experiments based on real data, using sophisticated
global models which include ocean levels down to
the thermocline, need to be performed for periods
of a month, a season and, preferably, for one or a
few years, to study the decay of predictability;
(iii) To develop more powerful methods for assimilation
of meteorological observations and, in particular,
for using non-synchronous data as a basis for
predicting the large-scale motion.
Small errors in the data on which the forecasts are
based grow with time and, after two to three weeks,
reach a level which is comparable to the magnitude

x
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of the difference between randomly chosen states of
the atmosphere. Present meteorological networks
are not able to provide an adequate basis for global
weather forecasting. No matter how much we
improve the models, the extended range forecasts
cannot be substantially improved, unless the meteorological network is radically expanded. It should be
emphasized, however, that a greater accuracy of the
basic data used in the computations does not only
depend on increasing the network, but also on the
development of improved methods for assimilation
and so-called initialization of such data before
forecast-computations start. The Global Experiment
should not be considered as simply a data collection
effort; it is equally important that sufficient resources
are devoted to the processing of the data and to
making them available to research groups;
(iv) To design an optimum composite meteorological
observing system for routine numerical weather prediction of the larger-scale features of the general
circulation.
With the aid ofthe data and the experience from the
Global Experiment, it will be possible to determine
what the composite global observing system for
routine long-range weather prediction should be.
This can only be achieved if we have access to more
detailed information on the actual behaviour of the
global atmosphere for a certain period of time, i.e.,
during the Experiment. With this set of observations,
it will be possible to perform numerical experiments
using various models in which one may systematically
vary such factors as the density, uniformity of distribution of data, etc., and isolate their effect on the
accuracy of the predictions. An optimum system
should thereby emerge.

The planning of the Experiment

In the planning, the Joint Organizing Committee
(JOC) has attempted to achieve a balance between three
basic factors:
The scientific objectives
The technological feasibility
The availability of resources
Clearly, these factors are not independent. More precise
formulations of the data requirements with the aid of
numerical experimentation have thus led to intensified
efforts by technologists and, alternatively, proposals of
the technologists with respect to new observing systems
have inspired specially-designed numerical experiments

OBJECTIVES AND PLANS

to answer questions concerning optimum trade-offs
between observing techniques. Although further improvements of the various observational techniques must
be regarded as desirable, it can be concluded that we
have reached the critical point at which JOC has judged
that it will be possible to fulfil the objectives of such an
experiment.
With regard to the third factor, the required resources,
the Global Experiment will of course basically need the
same elements as the World Weather Watch (WWW),
i.e., an observing system, a data-processing system and
a telecommunication system. Obviously, the WWW will
be the basis on which to build, but there are additional
requirements that arise out of the fact that the Global
Experiment is a research effort with a specific programme
goal.

The observational requirements

Based on numerical experiments, estimates have ·been
made of the accuracy and of the space and time resolution which are required. After the Global Experiment
it will be possible to make a judgment as to what accuracy
and in what detail it will be necessary to observe the
atmosphere for operational purposes. Evidently, this
depends on the answer to the question of what is the
smallest scale we need to resolve, in order to forecast the
large-scale motion.
In the specification of the observational requirements,
account is taken of the fact that the various parameters
which describe the large-scale state of the atmosphere
are dynamically coupled. Some parameters appear to be
more critical than others in defining the overall state of
the atmosphere. Therefore, while it is in principle
possible to consider some trade-oft's between parameters,
the observing system for the Experiment must be designed
in such a way that there will be the possibility to identify
more confidently the quantities that are of secondary
importance and that are, therefore, dynamically redundant.

The design of the observing system

In designing the observing system, three factors must
be considered in assessing the adequacy of existing
capability and in making recommendations for supplementary capability to ascertain the success of the experiment: (i) the data requirements; (H) the characteristics of
the available observing sub-system; (iii) the results of
numerical experiments providing guidance in building up
an adequate observing system.
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The general philosophy underlying the design of a
feasible observiog system may be summarized in the
following way:

that a composite global observing system is necessary.
The elements of such a composite system are basically
of two kinds:

1. The WWW upper-air network, as it is expected to
become implemented at the time of the Experiment,
is considered to be the basis for the observing system.

I. Observing sub-systems that will be operational or

2. Next, we are concerned with possible ways of enlarging the WWW network capability either within
the WWW programme; or
3. Specifically designed sub-systems proposed for the
Global Experiment.
(i) In doing so, individual components ofthe observing system have been designed to supplement
each other and to provide a composite system
which is adequate for the determination of all
required quantities;
(ii) Consideration has been given to those regions
of the globe where the proposed observing system
provides marginal space distribution of specified
parameters. Numerical experiments have been
performed to investigate the trade-off between
spatial and temporal data distribution in such
areas;
(iii) In consideration of the need for a definition of
the wind field in the tropics, every effort should
be made to provide wind observations with
adequate horizontal and vertical resolution in the
tropics and, particularly, near the equator.
The relation between the Global Experiment and other
GARP experiments
In the planning of the Global Experiment, it is important to ensure that there will be maximum mutual benefits
between it and the other GARP sub-programmes. It is
thus considered to be of importance that the following
GARP observational experiments should coincide at
least partially with the period of the Experiment:
The Polar Experiment (POLEX) proposed by the
USSR. The main objective of this experiment is to
determine the energy exchange between the temperate
latitudes and the polar regions.
The Monsoon Experiment (MONEX) proposed by
India. The main aim of this experiment is to study
the model capability to simulate the onset of the
southwest monsoon over Asia.
The recommended composite observing system
It is clear that no single observing technique will be
capable of meeting the observational requirements, and

close to operational at the time of the Experiment:

The WWW sUlface-based sub-system. This incorporates surface and upper-air stations, commercial
ships and aircraft.
Polar orbiting satellites. This sub-system with two
or more. satellites will provide complete global fields
of temperature and humidity, except for the interference from persistent cloudiness.
Geostationary satellites. This sub-system, consisting
of five geostationary satellites, will provide full
coverage in tropical and sub-tropical areas for the
derivation of winds at two levels, using sequential
cloud images.

11. Special sub-systems to fill critical gaps in the operational observing system (particularly during the two
special observing periods):
Experimental satellites. Information regarding soil
moisture and zones of precipitation may be obtained
from experimental instruments on research satellites.
Means for obtaining wind profiles in the equatorial
tropics. A fleet of carrier balloons in the equatorial
band from approximately lOoN to lOOS is recommended. These would provide a means to deploy
omega dropsondes over the data sparse regions.
Ocean ship stations with upper-air capability for
winds are another way to fill in these data voids.
Alternatively, a combination of these techniques
could be used.
Constant-level balloons. Constant-level balloons
would provide the required wind, temperature, pressure and geopotential height measurements at one
level in the upper troposphere for the region 20 S
to 90 0 S.
0

Buoys. A network of buoys will be needed in the
southern ocean regions (50 S - 65°S) to provide data
in areas where persistent cloudiness interferes significantly with satellite observations in the lower troposphere.
0

With the aid of these observing sub-systems, it has
been possible to design a composite observing system
which, in general, meets the data requirements. A
schematic illustration of this composite observing system
is shown in Fig. (i). There are, however, some areas in
the tropics and the Southern Hemisphere where, even
so, the coverage is marginal.
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It should be emphasized that some means for obtaining
vertical wind profiles in the tropics is a critical requirement.
In the Southern Hemisphere, the constant-level balloons and the buoy system are urgently needed to
complement the polar-orbiting satellite~ and WWW
networks to assure observations of comparabk scope to
those in the Northern Hemisphere. It should also be
noted that, in order to use the balloons and buoys, at
lea~t one of the polar-orbiting satellites must be equipped
with a suitable radio system for locating the balloons and
buoys and for collecting their information. Finally, it
must be emphasized that, while developments are under
way for most of the space-based systems, there are still
many problems to solve; agreement to conduct the
Global Experiment provides a useful focus and time
schedule for the remaining technical development needed
to assure the availability of the composite system that
will meet the requirements for the Experiment.

The data-processing system

In the planning of the data collection and processing
system, it has been found convenient to introduce the
following classification of the main levels in the data
flow:
Level I:

Raw data (telemetry signals, raw infra-red and
microwave radiances in spectral form, cloud
images, etc.).

Level Il:

Meteorological Parameters obtained directly
from many kinds of simple instruments, or
derived from the Level I data (e.g., average
winds from subsequent positions of constantlevel balloons). Taking into account the processing cycle at the W orId Meteorological
Centres, these may be divided into two categories:
Data set Il a: World Weather Watch Operational Data collected through the GTS
within the operational cut-off.
Data set Il b: Global Experiment Research
Data Set which is distinguished from Ila
by a delayed cut-off in order to acquire a
complete global data set.

Level Ill: Initial State Parameters. Internally consistent data sets, in grid point form obtained
from Level Il data by applying four-dimensional assimilation techniques.
Data set III a: World Weather Watch Operational Analyses obtained from Il a data.
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Data set III b: Global Experiment Analyses
obtained from Il b data and produced by
the WMCs with a delayed cut-off of some
24 hours.
Data Processing Responsibility

Facilities for the acquisition, conversion to meteorological parametcrs and archiving of data from the various
observing sub-systems, for instance, the geostationary
and polar orbiting satellites (and for test programmes of
the constant-level balloons and carrier-balloons), are
generally at the national organizations that are responsible for the sub-systems. Therefore, it seems appropriate to expect that the data acquisition, quality control
and transformation into meteorological parameters be
the responsibility ofthe respective national organizations.

The World Weather Watch Operational Data (Level
II a). The data collection time at this sub-level is
restricted by the operational cut-off cycle established at
the WMCs. It implies that any additional data received
after a fixed cut-off (say approximately 10 hours) may
not be used by the operational processing schemes.
It may concern both the conventional observations
transmitted with some delay or those from special observing sub-systems for which the collection and processing
cycle might be longer than the operational cut-off time.
Therefore, the global operational set of data might not be
complete.
The Global Experiment Research Data Set (Levelll b) .
In addition to the basic meteorological parameters
specified in the Global Experiment data requirements
(i.e., V, T, q, Ps and T s) this data set includes sounding
radiances and some other quantities such as cloud, snow
and ice cover, zones of precipitation and soil moisture.
The World Weather Watch Operational Analyses
(Level IlIa). The preparation of the global analyses
in the WMCs based on the Level Il a data is expected
to be available approximately 10 hours from the time
of observation. In addition to the operational use,
these analyses will be useful for research groups for case
selections.
The Global Experiment Analyses (Level III b) . A
delayed cut-off of approximately 24 hours for the delayed
real time four-dimensional assimilation of the Level Il b
data has been considered to be a realistic estimate to
ensure that practically all the data from the various
observing sub-systems are available. However, in connexion with improvements in data transmission and
processing methods, it might be possible to reduce this
time considerably.
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The Role of the World Meteorological Centres. It is
apparent that the WMCs must play a fundamental role
in the data analysis at this level for the Global Experiment.
It will be impossible to achieve real-time processing
during the Experiment without the active cooperation
of the WMCs.
The Global Experiment Data Flow via the GTS. In
Fig. (ii) is presented a schematic flow chart of a feasible
Global Experiment data system. In this figure, estimates
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are also given of the volume of the data that can be
obtained from the observing system and transmitted via
the GTS. It is worthwhile to note that, although the
capacity of the main trunk of the GTS is sizable and
thus able to transmit the information at Level II from all
feasible observing sub-systems in daily operation, the
capacity of the main trunk may be critical at certain
times because of irregularity in data transmission from
some observing sub-systems.

~

"5
~

§
'~"
~

Figure (i)

Generalized Schem<llic illustration of the horizontal coverage of the various observing sub-systems (in addition to the WWW
surface-based system) for the Global Experiment.

Five geostationary satellites. Winds at two levels in the tropics and sub-tropics
Two polar orbiting satellites. Global Acids of temperature and humidity except in regions with persistent cloudiness (not indicated)
A combination of cllrricr balloons and dedicated ships. Vertical profiles of all specified variables in the equatorial zone, lOON_lOOS
Constant level b:llloons. Wind, temperature and pressure measurements at the 200 mb level in the Southern Hemisphere, 20 0S-900S
Buoys. Surf:..lce pressure and water temperature in regions of persistent cloudiness, 50 0S_65°S
Autom:ltic stations. Surface pressure :..lnd tempcrature mC:..lsurements in the polar regions

x
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L'EXPERIENCE MONDIALE
Resume des objectifs et des plans de I'experience

Le raisonnement theorique et des experiences numeriques realisees au moyen de modeles physico-mathematiques de l'atmosphere ont demontre qu'un fosse
considerable separe nos possibilites actuelles de prevoir
les mouvements a grande echelle de l'atmosphere, de la
limite jusqu'ou il est possible de reculer l'echeance de
prevision.
11 ressort en outre des recherches entreprises dans ce
domaine de la meteorologie qu'il faudra approfondir
considerablement notre connaissance de l'atmosphere
globale avant de pouvoir etablir des previsions utiles
valables pour une periode sensiblement plus longue que
celles qui sont faites actuellement.
D'autre part, nous avons besoin de mieux comprendre
les fondements physiques du c1imat de la Terre, d'autant
plus que le probleme de l'interference eventuelle des
activites humaines avec les processus naturels est en
passe de devenir l'une de nos preoccupations majeures.
L'Experience mondiale constitue une tentative pour
approcher cette limite ultime des previsions d6terministes
de l'ecoulement atmospherique. Elle permettra egalement
d'evaluer dans quelle mesure les modeles de l'atmosphere
terrestre dont nous disposons sont a meme de simuler le
c1imat actuel, ce qui est indispensable pour pouvoir
aborder le probleme des changements c1imatiques.
11 s'agit cl'une experience limitee dans le temps qui
repose sur les progres recents de la science et de la technique, et qui coordonne les activites deployees dans ce
secteur dans toutes les parties du monde, de telle sorte
qu'elles culminent au cours de la periode choisie en se
completant au maximum les unes les autres.
On envisage de commencer l'Experience en 1977 et
de la poursuivre pendant une periode d'environ un an,
dont deux periodes de un mois chacune d'observations plus
intenses. Elle devrait ainsi permettre d'obtenir a l'echelle
du globe un jeu de donnees plus complet que tous ceux
qui ont pu Hre reunis jusqu'ici.
Objedifs principaux

Les quatre objectifs principaux de ce programme visant
a obtenir des observations plus detaillees sur l'atmosphere
globale sont les suivants :
i) Arriver a mieux comprendre les mouvements de
l'atmosphere afin de mettre au point des modeles de

prevision a longue echeance, de la circulation generale et du c1imat, qui rendent mieux compte de la
realite.
Nos connaissances du mouvement de l'atmosphere a
l'echelle planetaire presentent encore d'enormes lacunes. En particulier, nous sommes loin de comprendre
parfaitement la dynamique des ondes ultra-Iongues et
le blocage intermittent des perturbations de la circulation generale aux latitudes moyennes, et les modeles
actuels sont impuissants ales decrire correctement.
11 est indispensable d'approfondir nos connaissances
sur la dynamique a grande echelle de l'hemisphere
Sud et sur le couplage dynamique entre les deux
hemispheres. 11 faudrait egalement poursuivre les
recherches sur les phenomenes tropicaux. L'experience tropicale du GARP dans l'Atlantique (1974)
n'interesse en effet qu'une partie restreinte de ces
regions et ne permettra bien evidemment pas de
recueillir tous les renseignements necessaires sur la
dynamique a grande echelle. C'est ainsi que les
causes de la mousson devront faire l'objet d'6tudes
plus approfondies. L'interaction des differentes echelles de mouvement demande aussi a etre observee et
analysee de fac;on a pouvoir mettre au point des
m6thodes perfectionnees pour representer les mouvements de petite echelle dont il est impossible de
tenir compte explicitement dans les modeles numeriques mais dont l'effet dynamique sur la circulation
generale est neanmoins important (probleme de la
param6trisation) .
ii) Evaluer jusqu'a quelle echeance il est possible de
prevoir l'evolution des systemes m6teorologiques.
Les estimations de l'echeance limite de la prevision
d6terministe des systemes meteorologiques varient
de une a trois semaines selon les hypotheses retenues.
Cette marge d'incertitude appelle de nouvelles etudes
pour etablir de fac;on plus sure la limite pratique et
theorique de la prevision du temps. Nous ne savons
pas non plus jusqu'a quel point il est possible d'etablir des previsions du regime moyen du temps pour
une semaine, un mois ou une saison. 11 convient
donc de proceder a des experiences a partir de
donnees reelles, avec des modeles globaux perfectionnes faisant intervenir les couches superficielles
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des oceans, jusqu'a la thermocline; ces experiences
devront s'etendre sur un mois, une saison, et une ou
plusieurs annees de fa<;on a pouvoir determiner
comment la prevision se degrade avec l'allongement
de l'echeance.
iii) Developper des methodes plus puissantes d'assimilation des donnees d'observation meteorologique, en
particulier pour pouvoir utiliser les donnees non
synoptiques comme point de depart pour la prevision
des mouvements a grande echelle.
Les petites erreurs dans les donnees sur lesquelles
sont fondees les previsions entrainent des erreurs de
prevision qui atteignent, au terme de deux a trois
semaines, une ampleur comparable a la difference
existant entre des etats de l'atmosphere choisis au
hasard. Les reseaux meteorologiques actuels ne
peuvent fournir un ensemble de donnees suffisant
pour prevoir le temps a l'echelle du globe. Quels que
soient les perfectionnements apport6s aux modeles,
il n'est pas possible d'ameliorer sensiblement les
previsions a moyenne echeance a moins de developper considerablement le reseau d'observation meteorologique. Il convient toutefois de souligner qu'une
amelioration de l'exactitude des donnees de base
utilisees dans les calculs depend non seulement du
developpement du reseau d'observation, mais egalement de la mise au point de methodes perfectionnees
d'assimilation des donnees en vue de definir des
conditions initiales optimales avant de commencer
l'integration numerique. L'Experience mondiale ne
doit donc pas €ire consideree comme une simple entreprise de collecte de donnees et il est indispensable
de consacrer des ressources suffisantes au traitement des donnees recueillies et de veiller ales mettre
a la disposition des groupes scientifiques.
IV) Concevoir un systeme composite optimal d'observation meteorologique pour prevoir numeriquement,
sur une base operationnelle, les caracteristiques a
grande echelle de la circulation generale.

A l'aide des donnees et de l'experience qu'apportera
l'Experience mondiale, il sera possible de determiner
quelles devraient etre les caracteristiques du systeme
composite d'observation global necessaire a I'etablissement de previsions operationnelles a longue echeance. Pour ce faire, il est indispensable de disposer
de renseignements plus detailles sur le comportement
reel de l'atmosphere du globe pendant une certaine
periode de temps, comme ce sera le cas durant
l'Experience. Grace aux donnees qui seront recueillies, il sera possible d'effectuer des experiences numeriques avec divers modeles, en faisant varier de
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fa<;on systematique des facteurs tels que la densite,
l'uniformite de la distribution des donnees, etc. afin
d'etudier leur effet respectif sur l'exactitude des
previsions. Il devrait alors etre possible de concevoir
un systeme optimal.
Planification de l'Experience
Lors de ses travaux de planification, le Comite mixte
d'observation (CMO) s'est efforce de realiser un
equilibre entre les trois elements fondamentaux
ci-apres:
Objectifs scientifiques
Moyens techniques
Ressources disponibles.
Il est bien evident que ces trois elements sont interdependants. C'est ainsi que certaines experiences numeriques
ont permis de specifier avec plus de precision les observations requises, amenant les techniciens a intensifier
leurs efforts, tandis que les propositions formulees par ces
derniers concernant de nouveaux systemes d'observation
ont incite a concevoir specialement des experiences numeriques pour etablir le meilleur compromis entre les
differentes techniques d'observation. Certes, il serait
souhaitable de continuer a ameliorer ces differentes
techniques, mais on peut estimer que nous sommes parvenus au point a partir duquel il est possible, selon le
CMO, d'atteindre les objectifs de l'Experience.
Pour ce qUi est des ressources necessaires, il va sans
dire que l'Experience mondiale devra comporter fondamentalement les memes elements que la Veille meteorologique mondiale (VMM), a savoir un systeme d'observation, un systeme de traitement des donnees et un systeme
de telecommunications. La VMM sera evidemment la
fondation de l'edifice, mais celui-ci devra repondre a des
exigences supplementaires, du fait que l'Experience mondiale est un programme de recherches axe vers un objectif
scientifique specifique.
Besoins en matiere d'observation
Sur la base d'experiences numeriques, on a estime la
precision et la resolution dans le temps et dans l'espace,
requises pour l'Experience mondiale. Dne fois l'Experience menee a bien, il sera possible d'evaluer la precision
et la finesse avec lesquelles il sera necessaire d'observer
l'atmosphere aux fins de l'exploitation. Pour cela, il
importe bien entendu de savoir jusqu'a queUe echelle il
conviendra de descendre pour pouvoir prevoir les mouvements a grande echelle.
En determinant les besoins en matiere d'observation,
on a tenu compte du fait que les divers parametres

L'EXPERIENCE MONDIALE

permettant de decrire l'etat de l'atmosphere a grande
echelle sont couples du point de vue dynamique. 11
semblerait que certains parametres soient plus critiques
que d'autres pour definir l'etat de la circulation generale
de l'atmosphere. C'est pourquoi, bien que l'on puisse,
en principe, envisager de compenser l'insuffisance relative
de la mesure de certains parametres par une precision
plus grande dans la mesure d'autres parametres, il importe
de concevoir le systeme d'observation de l'Experience
mondiale de telle sorte que l'on puisse identifier avec plus
de surete les grandeurs d'importance secondaire qui sont
donc redondantes sur le plan dynamique.

Conception du systeme d'observation
La conception de l'Experience mondiale doit tenir
compte de trois criteres pour evaluer l'efficacite des
moyens d'observation dont on dispose actuellement et
formuler des recommandations quant aux moyens complementaires necessaires pour assurer le succes de l'experience. Ces trois criteres sont les suivants :
i) Besoins en matiere de donnees ;

numeriques ont montre comment une distribution
temporelle plus serree peut, dans ces regions,
compenser une distribution spatiale trop peu
dense.
iii) Compte tenu de la necessite de definir le champ
du vent dans la zone tropicale, aucun effort ne
devrait etre epargne pour recueillir dans cette
zone, notamment a proximite de l'equateur, des
observations de vent ayant la resolution horizontale et verticale voulue.

Rapport entre I'Experience mondiale et les autres
experiences du GARP
11 importe, lors de la planification de l'Experience
mondiale, de tirer parti des resultats de l'experience pour
les autres sous-programmes du GARP, et reciproquement. 11 est donc important que les experiences d'observation du GARPdecrites ci-apres se deroulent, tout au
moins en partie, en meme temps que l'Experience mondiale:

L'experience polaire (POLEX), proposee par l'URSS,
dont l'objectif principal est de determiner les echanges
d'energie entre les latitudes temperees et les regions
polaires.

ii) Caracteristiques des sous-systemes d'observation
actuels;
iii) Resultats d'experiences numenques qui fourniront
des indications utiles pour la mise au point d'un
systeme d'observation approprie.
Les principes directeurs qui sont a la base de la conception d'unsysteme d'observation realisable peuvent se
resumer comme suit:
1. Le reseau d'observation en altitude de la VMM, tel
qu'il est prevu qu'il fonctionnera au moment Oll se
deroulera l'Experience, est considere comme la base
du systeme d'observation.
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L'experience des moussons (MONEX), proposee par
l'Inde, dont l'objet principal est d'etudier l'etablissement de modeles qui simuleraient la formation des
moussons du sud-ouest au-dessus de l'Asie.

Systeme d'observation composite, recommandC pour
I'Experience mondiale

2. Envisager les diverses solutions permettant d'elargir
les possibilites du reseau de la VMM, dans le cadre
du programme de la Veille meteorologique mondiale.

11 est evident qu'aucune technique d'observation ne
pourra a elle seule repondre aux besoins en matiere
d'observation et qu'un systeme mondial d'observation
composite est necessaire. Les elements d'un systeme de
ce genre sont essentielleinent de deux sortes :

3. Envisager les solutions permettant d'elargir les possibilites du reseau de la VMM par des moyens differents
specialement deployes a l'occasion de l'Experience
mondiale.

1. Sous-systemes d'observation qui auront deja ete mis
en exploitation, ou qui seront sur le point de l'eire,
au moment de l'Experience mondiale :

i) A cet effet, les divers elements du systeme d'observation ont ete con9us pour se completer les
uns les autres et constituer ainsi un systeme
composite permettant de determiner toutes les
grandeurs requises.
ii) On a tenu compte du fait que, dans certaines
regions du globe, la distribution spatiale des
parametres mesures par le systeme d'observation
propose resterait marginale. Des experiences

Le sous-systeme de la VMM base cl la sUlface. Ce
sous-systeme comprend des stations d'observation
en surface et en altitude, des navires de commerce et
des aeronefs.
Satellites sur orbite polaire. Ce sous-systeme, compose
d'au moins deux satellites, permettra d'obtenir des
champs complets de la temperature et de l'humidite
a l'echelle du globe, saufla Oll des zones de nebulosite
persistante generont les observations.
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Satellites geostationnaires. Ce sous-systeme, compose
de cinq satellites geostationnaires, permettra d'observer la totalite des zones tropicales et subtropicales
et de calculer le vent avec une resolution verticale
equivalente a deux niveaux, a l'aide de photographies
de nuages prises successivement.
II. Sous-systemes speciaux necessaires pour combler
d'importantes lacunes du systeme d'observation operationnel (particulierement durant les deux periodes
speciales d'observation) :

Satellites experimentaux. Des instruments experimentaux embarques a bord de satellites de recherche
pourront fournir des renseignements sur l'humidite
du sol et les zones de precipitations.
Moyens d'obtenir des profils du vent dans la zone
tropicale voisine de ['equateur. Il est recommande
de deployer une fiotte de ballons porteurs dans la
zone equatoriale comprise a peu pres entre les paralleles de lOoN et lOOS. Ces ballons permettraient de
larguer des sondes parachutees en vue de mesurer
le vent par la methode de navigation «Omega»
au-dessus des zones pour lesquelles on manque de
donnees. Les stations oceaniques equipees pour
mesurer le vent en altitude offrent un autre moyen
de combler ces lacunes. Une autre solution possible
consisterait a utiliser ces techniques conjointement.
Ballons a niveau constant. Des ballons a niveau constant fourniront les donnees d'observation requises sur
le vent, la temperature, la pression et le geopotentiel
a un niveau de la haute troposphere, dans la zone
comprise entre 20 S et 90 S.
0

0

Bouees. Un reseau de bouees sera necessaire dans
les mers australes (50 S-65°S) pour fournir des
donnees dans les regions oil une nebulosite persistante entrave considerablement les observations de
la basse troposphere par satellite.
0

On a pu concevoir un systeme d'observation composite,
constitue par ces differents sous-systemes, qui permettra
d'obtenir les donnees necessaires. Un schema illustrant
ce systeme d'observation composite est donne ala fig. (i).
Il subsiste cependant certaines zones, dans les regions
tropicales et dans l'hemisphere Sud, oil la couverture
d'observation reste malgre tout marginale.
Il convient de faire remarquer qu'il est indispensable
de disposer de moyens permettant d'obtenir des profils
verticaux du vent dans les regions tropicales.
Dans l'hemisphere Sud, des ballons a niveau constant
et des bouees sont necessaires d'urgence pour compl6ter
les satellites sur orbite polaire et les reseaux de la VMM
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afin d'obtenir des observations d'une densite comparable
des observations faites dans l'hemisphere Nord.
Il faut noter a ce propos que pour pouvoir utiliser les
ballons et les bom~es, il conviendra d'equiper au moins un
des satellites places sur orbite polaire d'un dispositif de
navigation et de collecte de donnees, permettant de
localiser les ballons et les bouees, et de rassembler les
observations qu'ils recueilleront. Enfin, si la mise au
point de la plupart des systemes spatiaux est en cours, il
reste encore de nombreux problemes a resoudre. L'accord
sur la realisation de l'Experience mondiale permettra
d'Olienter les activites dans ce sens et d'etablir un calendrier pour la mise au point finale des elements techniques
necessaires a la mise en place du systeme composite
permettant de repondre aux besoins de l'Experience.

a celle

Systeme de traitement des donnees
Lors de l'etablissement du plan du systeme de rassemblement et de traitement des donnees, on a juge pratique
d'adopter la classification suivante des principaux niveaux
d'elaboration des donnees :

Niveau I:

Donnees brutes (signaux de telemesure,
radiance monochromatique dans les bandes
infrarouges et micro-ondes, images de
nuages, etc.).

Niveau Il :

Parametres meteorologiques obtenus directement a partir de nombreux types divers
d'instruments simples, ou derives des donnees brutes du niveau I (par exemple : vents
moyens calcuIes d'apres les positions successives des ballons a niveau constant). Compte
tenu du cycle de traitement des donnees
aux Centres meteorologiques mondiaux,
on peut grouper les parametres en deux
categories:
Serie de donnees IIa : Donnees utilisees aux
fins d'exploitation dans le cadre de la
VMM qui sont acheminees par le SMT
dans le delai prescrit pour la reception de
chaque reseau.
Serie de donnees lIb: Serie de donnees
utilisees aux fins de recherche dans le
cadre de l'Experience mondiale, qui se
distingue de la serie IIa en ce que l'heure
de fin de reception est decalee, afin
d'obtenir une serie complete de donnees
mondiales.

Niveau Ill: Parametres de l'etat initial. Series composees chacunes de donnees homogenes, sous
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forme de valeurs aux points de grille, deduites des donnees du niveau 11 selon des
techniques d'assimilation quadridimensionnelle.
Serie de dorinees IlIa: Analyses utilisees
aux fins d'exploitation dans le cadre de
la VMM, etablie a partir des donnees IIa.
Serie de donnees IlIb: Analyses utilisees
dans le cadre de l'Experience mondiale, etablies par les CMM, a partir des donnees
llb, le delai de reception des donnees etant
porte a 24 heures environ apres l'heure
du reseau.
Organismes responsables du traitement des donnees
Les moyens necessaires a l'acquisition, a la conversion
en parametres meteorologiques et a l'archivage des
donnees provenant des differents sous-systemes d'observation - par exemple satellites geostationnaires et a
defilement - (ainsi que les installations necessaires pour
mettre a l'essai les programmes de ballons a niveau
constant et de ballons porteurs), sont generalement aux
mains des organismes nationaux qui sont responsables de
la mise en reuvre des sous-systemes. C'est pourquoi il
conviendrait que ces organismes nationaux soient responsables, chacun en ce qui le concerne, de l'acquisition des
donnees, du controle de leur qualite et de leur transformation en parametres meteorologiques.
Donnees utilisees aux fins d'exploitation dans le cadre
de la VMM (Niveau IIa). Le temps disponible pour
rassembler les donnees a ce sous-niveau depend du delai
prescrit par le CMM pour la reception des donnees de
chaque reseau, ce deIai etant etabli en fonction du cycle
de traitement. Cela signifie que toute nouvel1e donnee
qui serait re9ue au centre apres que le delai prescrit est
ecoule (lO heures, par exemple, apres l'heure du reseau),
ne pourra pas etre incluse dans le lot de donnees a traiter.
Il peut s'agir de donnees d'observation normales transmises avec quelque retard, ou des donnees speciales,
provenant de certains sous-systemes d'observation, pour
lesquelles le rassemblement et le depouillement se prolongent au-dela du delai prescrit pour la reception. C'est
pourquoi, la serie de donnees utilisees aux fins d'exploitation peut ne pas etre complete.
Serie de donnees utilisees aux fins de recherche dans le
cadre de l'Experience mondiale (Niveau lIb). En plus des
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parametres meteorologiques de base specifies dans la
liste des donnees necessaires a l'Experience mondiale
(c'est-a-dire V, T, q, Ps et Ts), cette serie comprend des
donnees de sondage des radiances et de quelques autres
elements tels que la couverture nuageuse, la couverture
de neige et de glace, les zones de precipitations et l'humidite du sol.
Analyses utilisees aux fins d'exploitation dans le cadre
de la VMM (Niveau IIIb). Les analyses a l'echelle mondiale, preparees dans les CMM sur la base des donnees du
niveau IIa, devraient etre disponibles environ dix heures
apres l'heure du reseau. En plus de leur utilisation a des
fins d'exploitation, ces analyses seront utiles aux groupes
scientifiques pour rechercher les cas interessants qui
appellent une etude particuliere.
Analyses utilisees dans le cadre de l'Experience mondiale
(Niveau IIIb). On a estime qu'un delai de I'ordre de
24 heures permettrait de recevoir pratiquement toutes les
donnees des differents sous-systemes et de proceder avec
un minimum de decalage a l'assimilation quadridimensionnelle des donnees du niveau lIb. Il se pourrait toutefois qu'a la suite d'ameliorations apportees aux methodes
de transmission et de traitement des donnees, on puisse
reduire considerablement ce delai.
Role des centres meteorologiques mondiaux. Il est evident que les centres meteorologiques mondiaux doivent
jouer un role fondamental dans l'analyse des donnees a
ce niveau pendant l'Experience mondiale. Sans leur
concours actif, il serait impossible de traiter les donnees
quasi-immediatement pendant l'experience.
Circulation des donnees de l' Experience mondiale sur le
SMT. La figure (ii) represente le schema du systeme de
circulation des donnees de l'Experience mondiale tel qu'il
apparait realisable: Elle indique egalement les estimations
du volume des donnees qui pourraient etre produites
par le systeme d'observation et transmises sur le SMT. Il
vaut la peine de noter que, malgre la cap:!l ilt~ considerable
du circuit principal du SMT, qui permet d'acheminer
quotidiennement des donnees du niveau 11 provenant
de tous les sous-systemes d'observation en service, la
capacite du circuit principal peut se reveler insuffisante a
certains moments en raison du caractere irregulier des
transmissions de donnees provenant de certains soussystemes d'observation.
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qTOODI KYJIbMHHan;HOHHbIH MOMeHT HacTynHJI OP;HO-

paOOTaTh ycoBepIIIeHCTBOBaHHDIe MeTop;DI yqeTa

BpeMeHHO H, TaKHM oopaSOM, qTOOhI 3TH paOOTbI B

MeJIKOMaCIIITaOHDIX p;BHJReHHH, KOTophle He BKJIIO-

MaKCHMaJIbHO BOSMOJRHOH CTeneHH p;OnOJIHHJIH p;pyr

qaIOTCH B HBHOM BHp;e B qHCJIeHHDIe MOp;eJIH, HO

APyra.

B

3KcnepHMeHT

p;aCT BceH Heooxop;HMOH HHrpopMan;HH 0 KpynHO-

EJIHMaTa.

n;HH paOOT BO

TpOnHqeCKHH

r. OXBaThIBaeT TOJIhKO orpaHH-

qeHHyIO qaCTb TponHKOB H BCJIep;CTBHe 3Toro He

qTO caMO no ceoe HBJIHeTCH Heooxop;HMDIM IIIarOM B
HanpaBJIeHHH

1974

B

TeM He MeHee HrpaIOT BalliHYIO POJIh B KpynHo-

IIpep;JIaraeTCH, qTOODI 3TOT 3KcnepHMeHT HaqaJICH

MaCIIITaOHDIX npon;eccax (npOOJIeMa napaMeTpH-

1977

san;HH).

r. ; H P;JIHJICH npHMepHo OP;HH rop; C P;ByMH

nepHop;aMH (KaJRp;hIH rrpOp;OJIJRHTeJIhHOCTbIO B
MecHn;)

HHTeHCHBHhIX

lmcnepHMeHTa

oyp;eT

HaOJIIOp;eHHH.
nOJIyqeH

B

caMbIH

OP;HH

pesyJIbTaTe
nOJIHDIH

B

HCTOpHH MeTeOpOJIOrHH MaCCH~ rJIOOaJIbHbIX p;aHHhIX.

ii)

Onpep;eJIHTh KOHeqHDIH npep;eJI npep;cRasyeMocTH

norop;ooopaSYIO~HXCHCTeM.

B

saBHCHMOCTH OT HCXOP;HhIX p;ony~eHHH, BOS-

MOJRHble CpOKH, Ha KOTopDIe MoryT nporHOSHpoBaTbCH MeTeOpOJIOrHqeCKHe CHCTeMDI, KOJIeOJIIOT-

OCHOBHbIe u;eJIH

CH OT OP;HOH P;O Tpex Hep;eJIb. TaKaH Heonpep;e-

IIoTpeoHocTb B oOJIee p;eTaJIbHDIX, qeM KOrp;a-JIHOO

JIeHHOCTb B cpOKax TpeoyeT npOBep;eHHH p;aJIb-

npeJRp;e, HaOJIIOp;eHHHx sa rJIOOaJIbHDIM COCTOHHHeM

HeHnIHX HCCJIep;OBaHHH C n;eJIhIO OOJIee TOqHOrO

rllOBAllbH~M 8RCnEPMMEHT nMrAn
onpe~elleHMH

npaRTM'IeCROrO M TeOpeTM'IeCROrO

rHosa

noro~~. (horo

TOllbRO eCllM y Hac 6y~eT ~ocTyn R 60llee ~eTallb

B RaROM Mepe cy~ecTByeT BOSMOlliHOCTb nporHO-

HOM MHtPopMaU;MM no tPaRTM'IeCROMY nOBe~eHMIO

cpe~HMX

MeTeopOllOrM'IeCRMX YCllO-

aTMOCtPep~ sa HeROTop~M nepMO~

rll06allbHOM

BMM Ha He~emo, MeCHIJ; MllM ceSOH. ,JJ;JlH Msy'IeHMH

BpeMeHM,

Bonpoca npe~cRasyeMocTM Heo6xo~MMO B~nOll

HallM'IMM TaRMX ~aHH~X Ha6llIO~eHMM nOHBMTCH

HMTb

8RcnepMMeHT~

nporHOCTM'IeCRMe

PMO~~

lleT, Ha

OCHOBaHMM

~aHH~X npMMeHMTellbHO R
Mo~ellHM, ROTOpbIe

HbIM

Ha

MeHT~,

peallbH~X

p~x

CllOlliH~M rllo6allb-

~llH

~aHH~X

nporHosa, YBellM'IMBaIOTCH co BpeMeHeM M
~Be

MllM TpM

He~ellM ~OCTMraIOT BellM'IMH~,

cpaBHMMOM C BellM'IMHOM paSllM'IMH Melli~y npoMSBOllbHO

cos~aTb

Mo~ellM, nporHOSbI cpe~HeM sa6llarOBpeMeHHOCTM

6~Tb SHa'IMTellbHO

YllY'IIlleH~ 6es

RopeHHoro paCIllMpeHMH MeTeopOllOrM'IeCROM ceTM. O~HaRO clle~yeT nO~'IepRHYTb, 'ITO YBellM'IeHMe TO'IHOCTM

BbIHBMTb MX

onTMMallbHYIO

cMcTeMy

Ha-

ne'IMTb corllaCOBaHHOCTb Tpex OCHOBH~X tPaRTOpOB :
HaY'IH~e

u;ellM,

TeXHM'IeCRMe BOSMOlliHOCTM,

06eCne'IMTb y~OBlleTBopMTellbHYIO

HesaBMCMMO OT TQro, HaCROllbRO MbI YllY'IIllMM

cMoryT

M

llpM nllaHMpOBaHMM 8RcnepMMeHTa 06'be~MHeHH~M

HallM'IMe pecypcOB.

OCHOBy ~llH rllo6allbHoro npe~CRasaHMHnOrO~bI.

He

~allee,

opraHMsaU;MOHH~M ROMMTeT (OOR) CTpeMMllCH 06ec-

B~6paHHbIMM COCTOHHMHMM aTMOCtPe-

COCTOHHMM

TaR

ITJIaHlIpOBaHlle ~m,CIIepIIMeHTa

p~. Cy~eCTBYIO~aH MeTeopOllOrM'IeCRaH ceTb He
B

B ROTO-

MOlliHO u;elleHanpaBlleHHO MSMeHHTb TaRMe

aCMHxpOHH~X

B Ra'IeCTBe OCHOB~ ~llH npe~CRasaHMH

He60llbIllMe OIllM6RM B ~aHH~X, McnollbsyeM~x
'Iepes

8RcnepM-

paSllM'IH~e Mo~ellM,

6llIO~eHMM.

Ha6mo~eHMM, B

McnOllbSOBaHMH

RpynHoMacIllTa6HbIX ~BMllieHMM.

~llH

llpM

BllMHHMe Ha TO'IHOCTb nporHosa. TeM caM~M 8TO

B Clloe TepMORllMHa.

MeTeopOllOrM'IeCRMX

8RcnepMMeHTa.

ocy~ecTBMTb 'IMClleHH~e

McnollbsyH

nOSBOllMT

'IaCTHOCTM,

Te'IeHMe

~elleHMH ~aHH~X' M

Paspa60TaTb 60llee 8tPtPeRTMBH~e MeTO~~ aCCMMMllHU;MM

B

tPaRTOp~ RaR nllOTHOCTb, O~HOPO~HOCTb pacnpe-

6~ BRmO'IallM TaRllie

npou;ecc~, npOMCXO~H~Me

T. e.

BOSMOlliHOCTb

ne-

Ha MeCHU;, ceSOH M lliellaTellbHO Ha ro~

MllM HeCROllbRO

OCHOBH~X ~aHHbIX,

McnollbsyeMblx

ECTeCTBeHHO, 'ITO

8TM tPaRTOp~ BsaIIMOCBHsaH~. C

O~HOM CTOPOH~, yTO'IHeHMe nOTpe6HOCTeM B ~aHH~X
C nOMO~bIO

'IMClleHH~X

8RcnepMMeHTOB nplIBellO R

MHTeHCMtPMRaU;MM YCMllMM

CO

CTOPOH~ TeXHM'IeCRMX

cneU;MallMCTOB M, C ~pyroM CTOpOHbI, npe~llOllieHMH
TeXHM'IeCRMX cneU;MallMCTOB B OTHOIlleHMM HOBbIX Ha-

B paC'IeTaX, saBMCMT He TOllbRO OT paCIllMpeHMH

6llIO~aTellbHbIX CMCTeM npMBellM R npOBe~eHMIO cne"

ceTM, HO TaRllie OT paspa60TRM 60llee COBepIlleH-

U;MallbHO nOCTaBlleHHbIX 'IMClleHH~X 8RcnepMMeHTOB

HbIX MeTO~OB aCCMMMllHU;MM M TaR HaS~BaeMOM
MHMU;MallMsaU;MM 8TMX ~aHH~X ~O Ha'Ialla paC'IeTa
nporHosa. rllo6allbH~M 8RcnepMMeHT He ~OllllieH
paCCMaTpMBaTbCH RaR Bcero llMIllb MeponpHHTMe
no c60py

~aHHbIX ; BalliHO TaRllie, 'IT06~ ~OCTa

TO'IH~e pecypCbI 6~llM CROHu;eHTpMpOBaH~ Ha

iv)

6y~eT ~OCTM'Ib,

MOlliHO

npe~ella npe~cRasyeMoCTM. M~ TaRllie He SHaeM
SMpOBaHMH

iii)

XXIII

~llH B~HCHeHMH

BepIlleHCTBOBaHMe
cpe~CTB ~OlllliHO

nepMMeHTa.

Me-

TeopOllOrM'IeCRYIO Ha6llIO~aTellbHYIOcMcTeMy ~llH
nOBce~HeBHoro 'IMClleHHOro

MeTeopOllOrM'IeCROrO

nporHosa RpynHoMacIllTa6H~Xoco6eHHocTeM 06-

~eM U;MpRyllHU;MM.
C

qTO RacaeTCH TpeTbero tPaRTopa, T. e. Ha06xo~M

M~X pecypCOB, TO ~llH rllo6allbHoro 8RcnepMMeHTa
6esyclloBHO nOTpe6yIOTcH B OCHOBHOM Te llie caM~e

8lleMeHT~, 'ITO M ~llH BceMMpHoM CllYlli6bI norO~bI
(BCll),

T. e.

CMCTeMa

Ha6llIO~eHMM, CMCTeMa o6pa-

60TRM ~aHH~X H CMCTeMa TelleCBHSM. O'IeBH~HO, 'ITO

nOMO~bIO ~aHH~X M on~Ta, npM06peTeHHoro B

nepMO~ rllo6allbHoro

B~BO~y

BOSMOlliHOCTM ocy~ecTBlleHMH u;elleM TaRoro 8RC-

cTynHocTM ~llH MCClle~OBaTellbCRMX rpynn.
ROMnlleRCHYIO

Ha6llIO~aTellbH~X

BMeCTe C TeM clle~yeT C'IMTaTb, 'ITO B HaCTOH~ee BpeMH

06pa6oTRy 8TMX ~aHHbIX M 06eCne'IeHMe MX ~O

onTMMallbHYIO

paSllM'IHbIX

paCCMaTpMBaTbCH RaR lliellaTellbHoe,

BOSHMRllM yCllOBMH, Ror~a OOR npHIllell R
o

Paspa60TaTb

BonpOCOB onTMMallbHoro CO'IeTaHMH

Ha6llIO~aTellbH~X cpe~CTB. XOTH ~allbHeMIllee yco-

BCll

6y~eT CllYlliMTb B Ra'IeCTBe OCHOBbI,

O~HaRO

nOHBMTCH

cy~ecTBYIOT ~onOllHHTellbH~e nOTpe6HocTM, CBHsaH-

BOSMOlliHOCTb onpe~ellMTb, RaROBa ~OlllliHa 6~Tb

H~e C TeM, 'ITO rllo6allbHbIM 8RcnepMMeHT HBllHeTCH

8RcnepMMeHTa,

ROMnlleRCHaH rllo6allbHaH Ha6llIO~aTellbHaH CM-

MCClle~OBaTellbCRMM

CTeMa ~llH nOBce~HeBHoro ~OllrOCpO'IHOrO npo-

RpeTHyIO nporpaMMHYIO u;ellb.

MeporrpHHTMeM,

MMeIOIIJ;MM ROH-
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OBJECTIVES AND PLANS

i)

Tpe60BaHHH R ;D;aHHLIJU Ha6JIIO;D;eHHii

IlpH STOM :K HaCTOHIIJ;eMy BpeMeHH paspa6oTaHbI OT)l.eJIbHbIe ROMrrOHeHTbI Ha6JIIo)l.aTeJIb-

Ha OCHOBe 'lHCJIeHHbIX ~mcrrepHMeHTOB 6bIJIH cAeJIaHbI Heo6xoAHMbIe
CTBeHHoro H

OIJ;eHRH TO'lHOCTH H

BpeMeHHoro paspeIIIeHHH.

HOH

rrpocTpaHIlocJIe rJIO-

C :KaROM

TO'lHOCTbIO

H

HaCROJIbRO

AJIH

orrepaTHBHbIX

IJ;eJIeM.

O'leBHAHO,

ii)

STO

CTBeHHoe pacrrpe)l.eJIeHHe Heo6xo)l.HMbIX rrapaEbIJIH

sRcnepHMeHTbI

ocyru;eCl'BJIeI-IbI
B

IJ;eJIHX

HbIM pacrrpe)l.eJIeHHeM )l.aI-IHbIX B
OI-Iax.

CBHSaHbI.

BsaHMO-

CBH3H MelR}l.y npocTpaHcTBeHHbIM H BpeMeH-

Ha6JIIO)l.eHHHM,

CJIe)l.yeT Y'IHTbIBaTb TOT lfJaRT, 'ITO paSJIH'IHbIe rrapa-

)l.HHaMH'IeCRH

'lHCJIeI-IHbIe

H3Y'IeHHH

MeTpbI, orrHCbIBaIOru;He RpyrrHoMacIIITa6Hoe COCTOHHHe
aTMoclfJepbI,

)l.pyr

cHcTeMbI,

IlpoaHaJIH3HpoBaHbI Te paHoHbI seMHoro IIIa-

MeTpoB.

nporHOSHpOBaHHH RpyrrHoMacIIITa6HbIX ABHrKeHHM.
Tpe60BaHHM :K

)l.OrrOJIHeHHH

ROMrrJIeRCHOM

TeMa )l.aeT 6JIHSROe R RpHTH'IHOMY, npocTpaH-

IIIHM MaCIIITa6 BosMyru;eHHM CJIeAyeT Y'lHTbIBaTb AJIH

orrpe)l.eJIeHHH

IJ;eJIbIO

pa, r)l.e rrpe)l.JIaraeMaH Ha6JIIo)l.aTeJlbHaH CHC-

saBHCHT OT OTBeTa Ha Borrpoc 0 TOM, R~ROM HaHlVIeHb-

IlpH

C

COS)l.aHHH

XO)l.HMbIX rrapaMeTpoB aTlVlOclfJepbI.

AeTaJIbHO

Heo6xoAHMO 6YAeT rrpoBoAHTb Ha6JIIOAeHHH sa aTMOclfJepoM

H

ROTopaH o6eCrre'lHT orrpe)l.eJIeHHe Bcex Heo6-

6aJIbHOrO sRcrrepHMeHTa CTaHeT BOSMOIRHbIM orrpeAeJIHTb,

CHCTeMbI

)l.pyra

iii)

Ilo-BH):J;HMOMY,

STHX paM-

I lpH orrpe)l.eJIeI-IHH rrOJIB: BeTpa B

TponHRax

HeRoTopbIe napaMeTpbI HrpaIOT 60JIee BalRHYIO pOJIb,

CJIe)l.yeT rrpHJIOIRHTb MaRcHMyM yCHJIHH C TeM,

'leM

COCTOHHHH

'lTo6bI rrOJIy'IHTb STH )l.aHHbIe C y)l.OBJIeTBOpH-

IlosToMy B TO BpeMH RaR B rrpHHIJ;Hrre

TeJIbHbIM rOpH30I-ITaJIbHbIM H BepTHRaJIbHbIM

)l.pyrHe

aTMoclfJepbI.
BOSMOIRHO

npH

orrpe)l.eJIeHHH

o6ru;ero

paccMaTpHBaTb HeRoTopyIO

BsaHMOCBHSb

pa3peIIIeHHeM, B oco6eHHOCTH, B6JIHSH 8RBa-

MelR}l.y napaMeTpaMH, Ha6JIIO)l.aTeJIbHaH CHCTeMa )l.JIH
SRcrrepHMeHTa

)l.OJIIRHa

6bITb

opraHHSOBaHa

Topa.

TaRHM

o6pasoM, 'ITo6bI HMeJIaCb TaRlRe BOSMOIRHOCTb 60JIee
Ha)l.elRHOrO orrpe)l.eJIeHHH napaMeTpoB, ROTopbIe HMeIOT

BTopocTerreHHoe

SHa'IeHHe

H

ROTopbIe

CBHSh JUe/It;D;Y rJI06aJIhHbIl\I 8RcrrepHJUeHTOJU H ;D;pyrHl\1H
;mCrrepHl\IeHTal\1H

rrosToMy

IlMJlAll

)l.HHaMH'IeCRH Hs6bITO'IHbI.
IlpH
O'leHb

nJIaHHpOBaHHH
BaIRHO,

rJI06aJIbI-IOrO

SRcnepHMeHTa

'ITo6bI MaRcHMyM BSaHMI-IOH

BbIrO)l.bI

6bIJI nOJIy'IeH RaR )l.JIH Hero caMoro, TaR H )l.JIH )l.pyrHx
OpraHHsan;HH Ha6JIIO;D;aTeJIhHOii CHCTeIUbI

nO)l.rrpOrpaMM

IlpH C03)l.amUI Ha6JIIO)l.aTeJIbHOM CHCTeMbI Heo6xo)l.HMO Y'lHTbIBaTb TpH lfJaRTopa B OIJ;eHRe BOSMOIRROCTeM

BaIRHbIM,

Ill1TAll.

IlosToMy

6bIJIO

rrpHSHaHO

'lTo6bI CJIe}l.yIOru;He Ha6JIIO)l.aTeJIbI-IbIe S:KC-

nepHMeHTbI

Ill1TAll

COBna)l.aJIH

no

RpaHHeH

Mepe

'laCTH'IHO C rrepHO)l.OM SRcrrepHMeHTa :

Ha6JIIO)l.aTeJIbHbIX Cpe)l.CTB H paspa60TRe peRoMeHAaIJ;HM B

i)

OTHOIII8}IHH )l.OrrOJIHHTeJIbHbIX rroTpe6HocTeM:

Tpe60BaHHH R gaHHbIM ;

ii)

IloJIHpHbIH SRcrrepHMeI-IT (IlOJI8R'C), npe)l.JIOrKeH-

xapaRTepHcTHRH HMero-

ru;HXCH Ha6JIIO)l.aTeJIbHbIX rrO)l.CHCTeM ;

iii)

HbIH CCCP. OCHOBI-IOH IJ;eJIbIO SToro 8RCrrepHlVIeHTa

pe3YJIbTaTbI

HBJIHeTCH orrpe)l.eJIeHHe 06MeHa sHeprHeH MelR}l.y

'IHCJIeHHbIX' SRcrrepHMeHTOB, o6eCrre'IHBaIOru;He pyRO-

yMepeHHbIMH IIIHpOTaMH H rrOJIHpHbIMH paHoHaMH.

BO)l.CTBO

rrpH

COS)l.aHHH

OTBe'laIOru;eM

Tpe60BaHHHM

MyccoHHbIH

Ha6JlIO)l.aTeJIbHOM CHCTeMbI.

B03MOIRHOM

Ha6JIIO)l.aTeJIbHOM

CHCTeMbI,

npe)l.JIO-

pOBaRHH BOSHHRHOBeHHH IOro-sarra)l.Horo MyccoHa

MoryT

B ASHH.

6bITb peSIOMHpOBaHbI CJIe}l.yIOru;HM 06pa30M :

1.

(MO H8R'C) ,

MeHTa COCTOHT B HSy'IeHHH B03MOIRHOCTH MOp;eJIH-

06ru;He rrpHHIJ;HrrbI, JIelRaru;He B OCHOBe opraHH3aIJ;HH

aRcrrepHMeHT

lReHHbIH MH)l.HeH. OCHoBHaH IJ;eJIb SToro SRcrrepH-

AspoJIorH'IecRaH ceTb BCIl B TOM BH)l.e, RaR OHa
6y)l.eT

opraHHSOBaHa

RO

BpeMeHH

rrpOBe)l.eHHH

PeROl\IeH;D;OBaHHaH IWl\IIIJIeRCHRH Ha6mo;D;aTeJIhHRH
CHCTeJUa

SRcrrepHMeHTa, paCCMaTpHBaeTCH B Ra'IeCTBe OCHOBbI )l.JIH Ha6JIIO)l.aTeJIbHOM CHCTeMbI.

O'IeBH)l.HO, 'ITO O)l.HH MeTO)l. Ha6JIIO)l.eHHH He MOrKeT

2.

CJIe}l.yIOru;HH IIIar CBHsaH C B03MOIRHbIMH rryTHMH
pacIIIHpeHHH

epa.!lMLM

3.

ceTH

Bell,

CrreIJ;HaJIbHO

BCIl

JIH60

B

paM:KaX

npo-

JIH60
paspa60TaHHbIx

rrO)l.CHCTeM )l.JIH

y)l.OBJIeTBOpHTb nOTpe6HOCTH B )l.aHHbIX Ha6JIIOAeHHtt,
H

Heo6xo)l.HMa

ROMrrJIeRCHaH

rJI06aJIbHaH

CHCTeMa

Ha6JIIO)l.eHHH.
Ha6JIIO)l.aTeJIbHbIX

e,fl,06a,fl,blWeO ancnepUJILelf,ma.

I.

Ha6JIIO)l.aTeJIbHbIe nO)l.CHCTeMbI, ROTopbIe 6y)l.yT HCnOJIb30BaTbCH Ha onepaTHBHOM OCHOBe HJIH 6y)l.yT

xxv

rJIOBAJIbHbIH SKCrrEPHMEHT rrHrAn

OJIH3KH K TaKoMy HCnOJIb30BaHHlO BO BpeMH SKC-

nOTpeOHOCTH

rrepHlVJ:8HTa :

nJIeRCHaH

H aae.MliaJl, noiJcuCme.Ma BCll.

OHa BKJIIO'IaeT rrpH-

3eMHbIe

CTaHJJ;HH,

H

aSpOJIOrH'IeCKHe

ToprOBbIe

c

no.aJl,pnoii op6umoii.

STa

ROM-

nORa3aHa

Ha

TporrHKax H

B IOmHoM rrOJIyrnapHH, r)J;e )J;ame rrpH

CJIe)J;yeT rrO)J;'IepRHyTb,

8Ta rro)J;CHcTeMa,

)J;aBaTb rrOJIHbIe rJIOOaJIbHbIe )J;aHHbIe 0 rrOJIe TeM-

HBJIHeTCH

rrepaTypbI H

B

BJIamHOCTH, RpoMe CJIy'IaeB, Ror)J;a
rrperrHTcTBoBaTb

rrOCTOHHHaH

00-

rrOJIy'IeHHH

Feocma/fUonapnbLe cnymnunu.

8Ta

rro)J;cHcTeMa,

CocTOHIJJ;aH H3 rrHTH reocTaJJ;HoHapHbIx cnyTHHRoB,
rrOJIy'IHTb

)J;aHHbIe

0

BeTpe

Ha

)J;BYX

ypOBHHX C nOJIHbIM OXBaTOM TpOrrH'IeCROH H cyoTpOrrH'IeCROH 30H, HCrrOJIb3yH rrOCJIe)J;oBaTeJIbHbIe

rrOTpeOHOCTb

BamHoH

nOJIyrnapHH

B

cpe)J;-

rrpOIflHJIeH
)J;JIH

BeTpa

TporrHRoB.

ypaBHoBerneHHbIe

rnaphI-

30H)J;bI H CHCTeMa oyeB TaRme RpaHHe Heooxo)J;HMbI B
crryTHHRaM

C rrOJIHpHOH

OpOHTOH

H

ceTH BCll )J;JIH ooeCrre'IeHHH MacrnTaoa HaOJIIO)J;eHHH,
cpaBHHMoro

C

TaKOBbIM

B

CeBepHoM

rrOJIyrnapHH.

CJIe)J;yeT TaRme oTMeTHTb, 'ITO )J;JIH HCrrOJIb30BaHHH
rnapoB-30H)J;OB

H

oyeB

rro

RpaHHeH

Mepe

O)J;HH

H3

cnyTHHRoB C rrOJIHpHOH OpOHTOH )J;OJImeH ObITb ooopy)J;oBaH

H300pameHHH OOJIa'IHOcTH.

'ITO

BepTHKaJIbHbIX

HCRJIIO'IHTeJIbHO

IOmHoM

)J;orrOJIHeHHe R

JIa'IHOCTb.

rr03BOJIHT

CHCTeMa

O)J;HaKo HMelOTCH HeROTOpbI8 paHoHbI B

CTBax

oy)J;eT

CXeMaTH'IeCRH

(i).

pHcyHRe

COCTOHIJJ;aH H3 )J;BYX HJIH oOJIee crryTHHKoB, oy)J;eT

STOMy

)J;aHHbIX.

STOM OXBaT HBJIHeTCH RpHTH'IeCKHM.

cy)J;a H CaMOJIeTbI.

Cnymnunu

B

HaOJIIO)J;aTeJIhHaH

crreJJ;HaJIbHOH

pa)J;HocHcTeMoH

orrpe)J;eJIeHHH

MeCTOrrOJIOmeHHH rnapoB-30H)J;OB H oyeB H coopa HH-

H.

CrreJJ;HaJIbHbIe rrO)J;CHCTeMbI )J;JIH 3arrOJIHeHHH RpH-

1fl0pMaJJ;HH C HHX. B

TH'IeCRHX rrpOOeJIOB B orrepaTHBHoH CHCTeMe Ha-

HyTb, 'ITO B TO BpeMH RaR ycrrernHo rrpOBO)J;HTCH pa3-

OJIIO)J;eHHH

paOOTKa OOJIbrnHHCTBa ROCMH'IeCKHX CHCTeM, HMeeTCH

(B

'IaCTHOCTH,

BO

BpeMH

)J;BYX

crre-

3aRJIIO'IeHHe CJIe)J;yeT rro)J;'IepR-

JJ;HaJIbHbIX rrepHO)J;OB HaOJIIO)J;eHHH) :

eIJJ;e MHoro HeperneHHbIX rrpOOJIeM ; H rrosToMy CorJIa-

8ncnepu.Menma.abnbLe cnymnunu.

rneHHH

liIHlllOpMaJJ;HH 0

0

rrpOBe)J;eHHH

rJIOOaJIbHOrO

SKcrrepHMeHTa

BJIamHOCTH nO'IBbI H 30Hax oca)J;ROB MomeT ObITb

rroMoryT cocpe)J;OTO'IHTb BHHMaHHe Ha STHX Borrpocax

rrOJIy'IeHa C rrOMOIJJ;blO SRcrrepHMeHTaJIbHbIX rrpH-

H orrpe)J;eJIHTh CpORH )J;JIH )J;opaOOTRH HeROTopbIX Tex-

OOpOB,

HH'IeCRHX BorrpOCOB, HeOOXO)J;HMbIX )J;JIH ooeCrre'IeHHH

YCTaHOBJIeHHbIX

Ha

HCCJIe)J;OBaTeJIbCRHX

ROMrrJIeKCHOH CHCTeMbI, ROTopaH y)J;OBJIeTBOpHT rro-

crryTHHRax.

CpeiJcmfJa no.ay'£enuJl, npoifJU.aeii fJempa fJ fJnfJamOpua.abnbLX mponunax. PeRoMeH)J;yeTcH HMeTb IflJIO;

TpeOHOCTH SRcnepHMeHTa.

THJIHIO aspocTaToB-HOCHTeJIeH B TpOrrH'IeCROM rroHce

(10°

c.rn.,

pa3BepTbIBaHHH

10°

lO.rn.). 8TO oy)J;eT cpe)J;CTBOM

CHCTeMbI

copacbIBaeMbIx

rnlOTHbIX OMera-30H)J;OB Ha)J; HeOCBeIJJ;eHHbIMH paHOHaMH.
MoryT

OReaHCRHe

cy)J;OBbIe

oCyIJJ;eCTBJIHTb

CTaHJJ;HH,

aSpOJIOrH'IeCRHe

ROTOpbI8
HaOJIIO)J;e-

HHH BeTpa, HBJIHIOTCH )J;pyrHM cpe)J;CTBOM 3arrOJIHeHHH

STHX

rrpOOeJIOB

B

)J;aHHbIX.

B

CHCTeMa oopaOOTRH ;o;aHHbIX

rrapa-

Ka'IeCTBe

llpH rrJIaHHpOBaHHH CHCTeMbI coopa H oopaOOTKH
)J;aHHbIX ObIJIO rrpH3HaHO JJ;eJIeCOOOpa3HbIM rrpOBeCTH
CJIe)J;ylOIJJ;ylO RJIaCCHIflHRaJJ;HIO OCHOBHbIX ypoBHeH rroTORa )J;aHHhIX :

YpOfJenb

I:

aJIbTepHaTHBbI MomHO HCrrOJIb30BaTb ROMoHHaJJ;HIO

llepBH'IHbIe
MeTpHH,

STHX MeTO)J;OB.

)J;aHHbIe

rrepBH'IHbIe

(cHrHaJIbI

TeJIe-

pa)J;HaJJ;HOHHhIe

H3MepeHHH B HHlflpaRpacHoM H MHKPO-

YpafJ1-lofJew,ennbLe w,apbL-a01-liJbL.

YpaBHoBerneHHbIe

BOJIHOBOM crreRTpaJIhHhIX HHTepBaJIaX,

rnapbI-30H)J;bI rr03BOJIHT rrpOH3BeCTH Heooxo)J;HMbIe
H3MepeHHH BeTpa, TeMrrepaTypbI, )J;aBJIeHHH H BbICOTbI reorrOTeHJJ;HaJIa Ha O)J;HOM ypoBHe B BepXHeH
Tporroclflepe B paHoHe OT

20°

)J;O

90°

lO.rn.

H300pameHHH OOJIa'IHOCTH H T. )J;.).

YpOfJenb 11:

M emeopo.aoeu'£ecnue napa.MempbL,

rro-

JIy'IeHHbIe Henocpe)J;cTBeHHo co MHorHX
BH)J;OB rrpocTbIX rrpHoopoB HJIH Ha OCHO-

Byu.

Heooxo)J;HMO oy)J;eT HMeTb ceTb oyeB B IOm-

HbIX paHoHax

(50°/65°

lO.rn.) )J;JIH rrOJIy'IeHHH )J;aH-

HbIX C 30HbI, r)J;e nOCTOHHHaH OOJIa'IHOCTh B 3Ha'IHTeJIbHOH CTerreHH 3aTpy)J;HHeT crryTHHRoBbIe HaOJIIO)J;eHHH B HHmHeH Tporroclflepe.
C rrOMOIJJ;blO STHX HaOJIIO)J;aTeJIbHbIX rrO)J;CHCTeM OKa-

BaHHH )J;aHHbIX ypOBHH

I

(HarrpHMep,

cpe)J;HHH BeTep, Ha OCHOBaHHH rrOCJIe
)J;oBaTeJIbHOCTH
rneHHhIX

n03HJJ;HH

ypaBHoBe-

rnapOB-30H)J;OB) •

II pHHHMaH

BO BHHMaHHe JJ;HRJI oopaOOTRH B MHPOBbIX MeTeOpOJIOrH'IeCKHX JJ;eHTpax, STH

SaJIOCh B03MomHbIM C03)J;aTh ROMrrJIeRcHylO HaOJIIO)J;a-

)J;aHHbI8

TeJIbHYIO cHcTeMy, ROTopaH B OOIJJ;eM y)J;oBJIeTBOpHeT

RaTeropHH:

MomHO

pa3)J;eJIHTb

Ha

)J;Be
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II a: OnepamU6l-/,bLe 8al-/,l-/,bLe BCeMUpl-/,OU CJI,ym6bL noeo8bL, c06paHHbIe rro rCT, B rrpep;e-

ROMrrJIeKT p;aHHbIX

II b:

ROMnJl,e-,;,m
l-/,aY''ll-/,o-uccM806amMbC-';'UX 8al-/,l-/,bl,x
<J.IW6Mbl-/,OeO 8K,<:-nepUMel-/,ma, KOTOpI>Ie OTJIHqaIOTCJI OT

II

OTHOCHTbCJI KaK K
rrepep;aBaeMbIM
K

p;aHH:bIM co

6bITh

Bap;eplliKOH,

TaK

H

Crrl:lIJ;HaJIbH:bIX Ha6JIIOp;aTeJIbHbIX nop;-

p;0JIbIIIe

orrepaTHBHoro

cpoKa

rrpeKpam;eHHJI

eJl,06aJl,bl-/,bLU onepamU6l-/,bLU K,OMnJl,eK,m 8al-/,l-/,bLX Momem 6bLmb l-/,enOJl,l-/,bLM.

npHeMa.

IT08TOMY

a 60JIee rrOBp;-

06eCrreqeHHJI rrOJIHOrO rJI06aJIbHOrO
KOMrrJIeKTa p;aHH:bIX.

OCHOBHbIX MeTeOpOJIOrHqeCKHX rrapaMeTpOB, orrpep;e-

rrpeKpam;eHHeM

rrpHeMa

P;JIJI

JIeHH:bIX

III :

HeKOTopOH

ROMnJl,eK,m l-/,aY''ll-/,o-uCCJI,ei:06amMbCK,UX 8al-/,l-f,bLX eJl,o6aJl,bl-/,OeO 8K,CnepUMel-/,ma (YP06eNb II b). ITOMHMO

HHM

Ypo6el-/,b

p;aHHbIM 06bIqHbIX Ha6JIIOp;eHHH,

C

cHcTeM, P;JIJI KOTOpbIX IJ;HKJI c60pa H 06pa60TKH MOllieT

JIax orrepaTHBHbIX CpOKOB.
l\.oMrrJIeKT p;aHHbIX

OBJECTIVES AND PLANS

IIapaMempbL

l-/,a"laJl,bl-/,OeO

cocmoR,l-/,UR,.

rroTpe6HOCTJIMH

8KcrrepHMeHTa (T. e.

V,

T,

B

p;aHHbIX

q, Ps

rJI06aJIbHOrO

s),

H T

8TH p;aHHbIe

BHyTpeHHHe COrJIaCOBaHH:bIe KOMrrJIeK-

BKJIIOqaIOT BOHp;HpOBaHHe pap;HaIJ;HH H HeKOTopbIe p;py-

TbI p;aHHbIX B tPopMe BHaqeHHH B TOq-

rHe BeJIHqHHbI, HanpHMep, 06JIaKa, cHelliHbIH H JIep;o-

Kax

BbIH rroKpoB, SOHbI ocap;KoB H BJIalliHOCTb rrOqB:bI.

ceTKH,

ypOBHJI

II

rrOJIyqeHHbIe

HB

p;aHHbIX

rryTeM rrpHMeHeHHJI MeTop;OB

qeTbIpeXMepHoH aCCHMHJIJIIJ;HH.

III

Onepamu6l-/,bLe al-/,aJl,U3bL BCeMUpl-/,OU cJl,ym6bL
noeo8bL, rrOJIyqeHHbIe Ha OCHOBe p;aH-

ROMrrJIeKT p;aHHbIX

HbIX

II

a:

a.

rJI06aJIbHbIX aHaJIHSOB B MMIJ;, OCHOBaHHbIX Ha p;aHHbIX ypOBHJI
qepes

III b:

Al-/,aJl,U3bL
r Jl,06aJl,bl-/,OeO 8K,CnepUMel-/,ma, rrOJIy-

ROMrrJIeKT

OnepamU6l-/,bLe al-/,aJl,U3bL BCeMUpl-/,OU cJI,ym6bL noeo8bL
(YP06eNb III a). ITpep;rrOJIaraeTCJI, qTO rrop;rOTOBKa

p;aHHbIX

qeHH:bIe Ha OCHOBe p;aHHbIX
BbIrrym;eHH:bIe

HMIJ;

C

rrpeKpam;eHHJI rrpHeMa B

II b

H

10

II

a, BaKaHqHBaeTCJI rrpH6JIHBHTeJIbHO

qaCOB nOCJIe cpOKa Ha6JIIOp;eHHJI. ITOMHMo

orrepaTHBHoro HCrrOJIhBOBaHHJI, 8TH aHaJIHBbI 6YP;yTrrOJIeBHbI HCCJIep;OBaTeJIbCKHM rpynrraM P;JIJI

oT60pa

TeM HCCJIep;OBaHHH.

Ba)l;eplliKOH

24

qaca.

Al-/,aJl,U3bL
6el-/,b III b).

Mo6aJl,bl-/,OeO

8K,CnepUMel-/,ma

BpeMJI rrpeKpam;eHHJI rrpHeMa,

qeHHOe rrpH6JIHBHTeJIbHO Ha

24

(ypoOTCpO-

qaca P;JIJI qeT:bIpeX-

MepHoH aCCHMHJIJIIJ;HH C BanaBp;bIBaHHeM B MacIIITa6e

OTBeTCTBeHHOCTh Ba o6pa6oTRy p;aHHhIX

peaJIbHOrO BpeMeHH p;aHHbIX ypOBHJI

Cpep;CTBa rrOJIyqeHHJI, rrpe06paBOBaHHJI B MeTeopoJIOrHqeCKHe napaMeTpbI H apXHBaIJ;HH p;aHHbIx OT paBJIHqHbIX Ha6JIIOp;aTeJIbHbIX rrop;cHcTeM, HarrpHMep, reocTaIJ;HOHapHbIx crryTHHKoB C rrOJIJIpHOH Op6HTOH (H
HCrr:bITaTeJIbHbIX rrporpaMM ypaBHoBeIIIeHHblx IIIapoBBOHP;OB, H a8pocTaTOB-HOCHTeJIeH), KaK rrpaBHJIO, HaXOP;JITCJI B HaIJ;HOHaJIbHbIX opraHHsaIJ;HJIX, KOTopbIe

II b,

CqHTaeTCJI

peaJIHCTHqeCKOH OIJ;eHKOH 06eCrreqeHHJI rrpHeMa rrpaKTHqeCKH Bcex p;aHHbIX, rrocTyrraIOm;HX C paBJIHqHbIX
Ha6JIIOp;aTeJIbHbIX rrop;CHCTeM. Op;HaKo B CBJIBH C ycoBepIIIeHCTBOBaHHeM rrepep;aqH p;aHHbIX H MeTop;OB HX
06pa60TKH

P;JIJI paBJIHqHbIX

Ha6JIIOp;aTeJIbH:bIX

nop;-

CHCTeM, BOSMOlliHO, yp;aCTCJI SHaqHTeJIbHO cOKpaTHTb
8TO BpeMJI.

HecyT OTBeTCTBeHHOCTb Ba tPyHKIJ;HOHHpOBaHHe 8THX
rrop;CHCTeM. IT08TOMY IJ;eJIeC006paBHO rrpep;rrOJIaraTb,
qTO OTBeTCTBeHHOCTb sa c60p p;aHHbIX, KOHTpOJIb Ka-

POJl,b MUp06bLX MemeOp0Jl,oeU"lecnux q,el-/,mp06.

Oqe-

BHP;HO, qTO MMIJ; P;OJIlliHbI HrpaTb OCHOBHyIO POJIb B

qeCTBa H rrpe06paSOBaHHe B MeTeOpOJIOrHqeCKHe rrapa-

aHaJIHSe p;aHHbIX Ha 8TOM ypoBHe P;JIJI rJI06aJIbHOrO

MeTpbI 6YP;yT HeCTH COOTBeTcTByIOm;He HaIJ;HOHaJIbHbIe

8KcrrepHMeHTa.

opraHHBaIJ;HH.

CTOpOHbI MMIJ; HeBOBMOlliHO 6yp;eT BbIIIOJIHHTb 06pa-

OnepamU6l-/,bLe 8al-/,l-/,bLe BCeMUpl-/,OU cJI,ym6bL noeo8bL
(YPo6el-/,b 11 a). C60p p;aHHbIX Ha 8TOM rrop;ypoBHe

rrepHMeHTa.

BeB

aKTHBHOro

COTpyp;HHqeCTBa

co

60TKy p;aHHbIX B onepaTHBH:bIe CpOKH B rrepHOp; 8KC-

OrpaHHqeH paMKaMH orrepaTHBHoro IJ;HKJIa, yCTaHoBJIeHHOrO B MMIJ;. OH rrpep;rrOJIaraeT, qTO JII06bIe P;O-

II omoK, 8al-/,l-/,bLX Mo6aJl,bl-/,OeO
rCT.

Ha

pHC.

(ii)

8K,CnepU~tel-/,ma

rrpep;CTaBJIeH

no

CXeMaTHqeCKHH

rrOJIHHTeJIbH:bIe p;aHHbIe, rrOJIyqeHHbIe rrOCJIe yCTaHoB-

rrJIaH rrOTOKa HHtPopMaIJ;HH C rrpep;nOJIaraeMOH

JIeHHOrO cpOKa rrpeKpam;eHHJI rrpHeMa (CKallieM, npH-

TeMbI p;aHHbIX rJI06aJIbHOrO 8KcrrepHMeHTa. Ha 8TOM

6JIHBHTeJIbHO

10

orrepaTHBHbIMH

qac.),

He

CHCTeMaMH

MoryT

HCrrOJIbBOBaTbCJI

06pa60TKH.

8TO

MOllieT

pHcyHKe

p;aIOTCJI

paCqeTHbIe

IJ;HtPP:bI

B

CHC-

OTHOIIIeHHH

06':beMa p;aHHbIX, KOTopbIe MoryT 6bITb rrOJIyqeHbI C

rJIOBAJIbHIidl: BKClIEPMMEHT lIMrAlI
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HaOJIIO~aTeJIbHOH CMCTeMbI M nepe~aBaTbCH lIO rCT.
CJIe~yeT OTMeTMTb, 'ITO, XOTH lIpolIycKHaH ClIOCOO-

MomHbIX HaOJIIO~aTeJIbHbIX rrO~CMCTeM, rrporrycKHaH

HOCTb

ORasaTbCH

rJIaBHOH

MarMCTpaJIbHOH

:o;elIM

rCT

SHa'IM-

crrOCOOHOCTb

rJIaBHOH

MarMCTpaJIbHOH :o;errM MomeT

KpMTM'IeCKOH

B

orrpe~eJIeHHOe

BpeMH

B

TeJIbHa M TaKMM OOpaSOM CMOmeT OOeClIe'IMTb B cpe~

CBHSM C HeperyJIHpHOCTbIO rrepe~a'IM ~aHHbIX OT He-

HeM lIepe~a'IY MH.popMa:O;MM ypOBHH

KOTOpbIX HaOJIIO~aTeJIbHbIX rrO~CMCTeM.

II

OT Bcex BOS-

EL EXPERlMENTO MUNDIAL
Resumen de los objetivos y planes

Mediante consideraciones teoricas y experimentos numericos realizados con la ayuda de modelos fisicomatematicos de la atmosfera, se ha demostrado que existe una
considerable diferencia entre nuestra capacidad actual
de predecir los movimientos en gran escala de la atmosfera
y el Iimite maxima de validez de las predicciones.
La experiencia obtenida como consecuencia de las
investigaciones realizadas en esta rama de la meteorologia han revelado tambien que es precise mejorar considerablemente los conocimientos que poseemos sobre el
comportamiento de la atmosfera global, antes de poder
ampliar significativamente el periodo de validez de las
predicciones numericas utilizables.
Por otra parte, necesitamos comprender mucho mejor
el fundamento fisico del cIima de la tierra, especialmente
ahora, cuando las posibles interferencias de las actividades
del hombre con los procesos naturales comienzan a
constituir un problema que es motivo de grave preocupacion.
El Experimento Mundial es un intento encaminado a
establecer los Iimites posibles de la prediccion objetiva.
Debenl servir tambien para poner a prueba, y en escala
mundial, la capacidad de representacion del cIima actual
de los modelos existentes de la atmosfera terrestre, 10 cual
constituye un requisito previo e ineludible para poder
atacar cientificamente el problema de los cambios cIimaticos.
Se trata de un experimento de duracion limitada que
se funda en las tecnicas y progresos cientificos mas recientes y mediante el cual se coordinaran todas las nuevas
actividades que en esta materia se realicen en todo el
mundo, de tal manera que culminen en eI mismo periodo
de tiempo y puedan complementarse asi unas con otras
en la mayor medida posible.
Se propone que eI Experimento comience en 1977
y dure aproximadamente un afio, con dos periodos de un mes cada uno - durante los cuales se intensifiquen
las observaciones, permitira obtener una serie de datos
mundiales mucho mas completa que cualquier otra obtenida hasta ahora.
Objetivos principales

Los cuatro objetivos principales siguientes justifican
la idea de tratar de disponer de observaciones de la

atmosfera terrestre con un detaIIe que hasta la fecha
no ha sido aun aIcanzado :
i) Comprender mejor los movimientos atmosfericos
para poder disefiar modelos mas realistas aplicables
a la prediccion a largo plazo, a los estudios de la
circulacion general de la atmosfera y al cIima.
Todavia existen considerables deficiencias en nuestros
conocimientos de los movimientos en escala planetaria. En especial, los procesos dinamicos de las
ondas ultralargas y el ocasional bloqueo de las
corrientes del oeste en las latitudes medias distan
mucho de haber sido plenamente comprendidos, y
los modelos actuales no describen bien estos procesos.
Se necesita perfeccionar nuestros conocimientos de
los procesos dinamicos en gran escala del Hemisferio
Sur y del acoplamiento dinamico entre los dos
hemisferios. Tambien es preciso estudiar mas a
fondo los procesos tropicales.
El Experimento Tropical del GARP en el AtIantico
en 1974, cubrira unicamente una porcion limitada
de la zona tropical y evidentemente no permitira
obtener toda la informacion requerida sobre los
procesos dinamicos en gran esc~la. Por ejemplo, es
preciso estudiar con mas detaIIe las causas que
motivan el regimen de los monzones. Necesitamos
observar y analizar la accion mutua de las distintas
escalas de movimiento en la atmosfera, con objeto
de poder disefiar metodos mas perfeccionados para
representar los movimientos que se producen a
escalas mas pequefias, que no han sido expIicitamente
reflejados en los modelos pero que sin embargo son
de importancia para los procesos de escalas mayores
(problema de parametrizacion).
ii) Evaluar los Iimites maximos de predictibilidad de
los sistemas meteorologicos.
Segun las hipotesis de partida, el periodo de tiempo
durante eI cual se puede predecir el comportamiento
de los sistemas meteorol6gicos, puede ser estimado
entre una y tres semanas. Este intervalo de incertidumbre exige nuevos estudios para establecer de
manera mas definitiva los Iimites practicos y teoricos
de predictibilidad. Tampoco conocemos hasta que
punto es posible predecir las condiciones meteorologicas medias para una semana, un mes 0 una estacion
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del ano. El estudio de la degradaci6n de la predictibilidad necesita la realizaci6n de experimentos de
predicci6n, en los que se utilicen datos reales y
modelos complejos en escala global que incluyan
tambien datos de niveles oceanicos a varias profundidades hasta el nivel de la termoclina.
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camente el valor de factores tales como la densidad
o la uniformidad de distribuci6n de los datos, etc.
y aislar asi su efecto sobre la precisi6n de las predicciones. Como resuItado se obtendra el sistema
6ptimo.

iii) Desarrollar metodos de mayor capacidad de asimi- PIanificaci6n del Experimento
laci6n de las observaciones meteorol6gicas y sobre
En la planificaci6n, el Comite Conjunto de Organizatodo que permitan utilizar datos asincr6nicos como
ci6n
(CCO) ha tratado de establecer un equilibrio entre
elementos basicos en la predicci6n de movimientos
los
tres
factores basicos siguientes :
en gran escala.
Objetivos cientificos
Los pequenos errores de los datos utilizados para
las predicciones crecen con el tiempo y al cabo de
Factibilidad tecnol6gica
dos 0 tres semanas alcanzan un nivel que es compaDisponibilidad de recursos
rable con la magnitud de las diferencias que existen
entre los estados de la atm6sfera elegidos aleatoriaEvidentemente estos factores no son independientes.
mente. Las actuales redes meteorol6gicas no son La formulaci6n mas precisa de los datos que se necesitan,
capaces de constituir un fundamento adecuado para con ayuda de la experimentaci6n numerica, ha motivado
la predicci6n meteorol6gica mundial. Cualquiera que se intensifiquen los esfuerzos de los tecnicos en este
que sea el perfeccionamiento de los modelos, el terreno. Por otro lado, las propuestas de estos tecnicos,
alcance de las predicciones no puede ser mejorado referentes a los nuevos sistemas de observaci6n, han
considerablemente a menos que se amplien radical- inspirado la realizaci6n de experimentos numericos espemente las redes meteorol6gicas. Se debe sin embargo cialmente disenados para resolver las cuestiones relativas
poner de manifiesto que la mayor precisi6n de los a la armonizaci6n 6ptima de las distintas tecnicas de
datos basicos utilizados en los calculos no depende observaci6n. Aunque se debe considerar conveniente que
s610 de que se aumente la red, sino tambien de que se se realicen nuevos perfeccionamientos en las distintas
disenen metodos mas perfeccionados para la asimi- tecnicas de observaci6n, se puede llegar a la conclusi6n
laci6n de estos datos y la llamada « Inicializaci6n » de que hemos alcanzado el punto critico a partir del cual,
de los mismos, antes de empezar el calculo numerico a juicio del CCO, sera posible alcanzar los objetivos de
de las predicciones. El Experimento Mundial no tal experimento.
debe ser considerado simplemente como un esfuerzo
Con respecto al tercer factor, es decir los recursos
destinado a reunir mas datos ya que de igual impornecesarios para la realizaci6n del experimento, no hay
tancia es el hecho de que se dediquen recursos
duda que para el mismo se necesitaran los mismos elesuficientes para el procesamiento de dichos datos y
mentos que para la Vigilancia Meteorol6gica Mundial
para hacerlos asequibles a los grupos de investiga(VMM), es decir, un sistema de observaci6n, un sistema
dores.
de preparaci6n de datos y un sistema de telecomunicaiv) Disenar el sistema compuesto 6ptimo de observaci6n ci6n. Evidentemente la VMM constituira la base sobre la
meteorol6gica, aplicable alas tareas diarias de que ha de apoyarse la realizaci6n del experimento, pero
predicci6n numerica de las principales caracteristicas existiran por otra parte otras necesidades adicionales que
se plantearan por el hecho de que el Experimento Mundial
de la circulaci6n general.
constituye
un esfuerzo de investigaci6n mediante el cual
Con ayuda de los datos y experiencia obtenidos
se
pretenden
alcanzar determinados objetivos especificos.
mediante el Experimento Mundial, sera posible
determinar cual debe ser el sistema mundial de
observaci6n compuesto que ha de utilizarse para la
Necesidades de observaci6n
predicci6n meteorol6gica numerica a largo plazo.
Esto s610 podra conseguirse si se dispone de inforFundandose en experimentos numericos, se han hecho
maci6n mas detallada sobre el comportamiento real estimaciones de la precisi6n y de la distribuci6n en el
de la atm6sfera durante un cierto periodo de tiempo, espacio y en el tiempo que se exige de las observaciones
por ejemplo el de duraci6n del Experimento. Con destinadas al Experimento Mundial. Despues de realizado
esta serie de observaciones sera posible realizar este, sera posible juzgar la precisi6n y detalle con que
experimentos numericos utilizando varios modelos sera necesario observar la atm6sfera para fines operacioen los cuales el investigador pueda variar sistemati- nales. Evidentemente, esto depende de la conclusi6n que
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se obtenga sobre cmU es la minima escala que debe resolverse para predecir los movimientos atmosfericos de
gran escala.
En la especificacion de las necesidades de observaci6n,
se tiene en cuenta el hecho de que los distintos parelmetros
que describen los procesos que se producen en gran
escala en la atmosfera, estan dinamicamente vinculados
entre si. Algunos parametros parecen ser mas criticos que
otros para definir el estado general de la atmosfera. En
consecuencia mientras que en principio resulta posible
tener en cuenta determinadas interdependencias entre
los parametros, por otra parte el sistema de observaci6n
del Experimento ha de ser disefiado de tal manera que
permita la posibilidad de identificar con mayor confianza
las magnitudes que son de importancia secundaria y que
por consiguiente resultan dinamicamente redundantes.
Diseiio del sistema de observaci6n

Al disefiar el sistema de observacion -se deben tener
presentes tres factores para evaluar la idoneidad del
sistema actual y para formular recomendaciones destinadas a aumentar dicha idoneidad para asegurar el exito del
experimento :
i) los datos que se necesitan ;
ii) las caracteristicas del subsistema de observacion
disponible ;
iii) los resultados de los experimentos numericos que
permitan dar orientaci6n en la elaboraci6n de un
sistema de observacion adecuado.
Las ideas generales a las que se subordina el disefio de
un sistema de observacion factible se pueden resumir de
la siguiente manera :

1. Se considera que la red de observaci6n de altitud de
la VMM constituye la base del sistema de observaci6n,
ya que se ha previsto que este ejecutada en la fecha
de realizacion del Experimento.
2. En segundo lugar, se estudiara la manera de ampliar
la capacidad de observacion de la red de la VMM,
bien sea dentro del mismo programa de la VMM
o bien mediante.
3. Subsistemas disefiados especificamente, propuestos
para el Experimento Mundial.
i) Al proyectar estos subsistemas, se han disefiado
los componentes individuales del sistema de
observacion de manera que se suplementen unos
a otros y que todos juntos constituyan un sistema
compuesto, adecuado para la determinacion de
todas las magnitudes necesarias.
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ii) Se han tenido presentes las regiones del mundo
en donde el sistema de observacion propuesto
proporciona una distribuci6n espacial insuficiente
de ciertos parametros. Se han realizado experimentos numericos para investigar la armonizacion entre la distribucion espacial y temporal de
los datos en dichas zonas.
iii) Teniendo en cuenta que se necesita una buena
definicion de los campos de viento en las zonas
tropicales, se debe hacer todo 10 posible para
obtener observaciones de viento con una densidad
horizontal y vertical adecuada en dichas zonas
y especialmente cerca del ecuador.
Relaci6n entre el Experimento mondial y otros
experimentos del GARP

En la planificacion del Experimento Mundial es importante asegurar el logro de los maximos beneficios
mutuos entre este ultimo y los otros subprogramas del
GARP. En consecuencia, es importante que los siguientes
experimentos de observaci6n del GARP coincidan, al
menos en parte, con el periodo propuesto para el Experimento:
El Experimento Polar (POLEX) propuesto por la
URSS. La finalidad principal es determinar el intercambio de energia que se produce entre las regiones
templadas y las regiones polares.
El experimento sobre los monzones (MONEX) propuesto por la India. El objeto principal del mismo es
estudiar la posibilidad de preparar un modelo que pueda
simular la creaci6n del monz6n del Suroeste en Asia.
Sistema compuesto de observaci6n recomendado

Es evidente que ninguna tecnica de observaci6n podrei
por si sola satisfacer las necesidades en materia de observaci6n y que, por 10 tanto, es necesario un sistema de
observacion compuesto. Los elementos de un sistema de
este tipo son fundamentalmente de dos clases :
1. Subsistemas de observaci6n que seran operativos

0

casi operativos cuando se realice el Experimento :

Subsistema de la VMM basado en la superficie. Este
subsistema comprende estaciones de observacion
de superficie y en altitud, buques y aviones comerciales.
Satelites de 6rbita polar. Este subsistema compuesto
de dos 0 inas satelites facilitara una cobertura global
completa en 10 que respecta a datos de temperatura
y humedad, excepto en aquellas zonas en que la
nubosidad persistente perturbe las observaciones.

XXXI

EL EXPERIMENTO MUNDIAL

Sat(Hites geoestacionarios. Este subsistema, integrado por cinco satelites geoestacionarios, facilitan'l.
una cobertura total en las zonas tropical y subtropical
y permitin'l. determinar los vientos a dos niveles, utilizando series de imagenes sucesivas de las nubes.

n.

Subsistemas especiales necesarios para subsanar algunas deficiencias importantes del sistema de observaci6n operacional (particularmente durante los dos
periodos de observaci6n especiales) :
Satelites experimentales. Se podran obtener datos
de la humedad del suelo y de las zonas de precipitaci6n mediante instrumentos experimentales instalados a bordo de los satelites de investigaci6n.
M edios para obtener perfiles del viento en [os tr6picos
ecuatoriales. Se recomienda disponer de una flota de
globos portadores en la zona ecuatorial comprendida
entre aproximadamente los lOoN y los lOOS. E110
permitiria lanzar sondas con paracaidas del tipo
Omega sobre las regiones donde escasean los datos.
Las estaciones instaladas sobre buques oceanicos
pueden medir los vientos en altitud, y son otro de
los medios para obtener datos en las regioneg indicadas. Tambien se podria utilizar una combinaci6n
de esas tecnicas.
Globos de nivel constante. Los globos de nivel constante facilitarian las medidas necesarias del viento,
de la temperatura, de la presi6n y del geopotencial a
un nivel de la troposfera superior en la regi6n
comprendida entre 20 S y 90 S.
0

0

Boyas. Sera necesaria una red de boyas en las regiones
oceanicas del sur (50 S-65°S) que faciliten datos en
las zonas en las que la nubosidad persistente dificulta
considerablemente las observaciones por satelite
de la troposfera inferior.
0

Con la ayuda de estos subsistemas de observaci6n ha
sido posible disefiar un sistema compuesto de observaci6n
que en general satisface las necesidades en materia de
datos. En la Fig. (i) se ilustra de manera esquematica este
sistema de observaci6n compuesto. No obstante, existen
algunas zonas en los tr6picos y en el Hemisferio Sur
donde, a pesar de e11o, la cobertura es apenas suficiente.
Cabe destacar que aIgunos de los medios para obtener
perfiles verticales del viento en los tr6picos constituyen
una necesidad critica.
En el hemisferio sur, los globos de nivel constante y
el sistema de boyas son necesarios con urgencia para
asegurar observaciones comparables a las del hemisferio
norte. Tambien cabe observar que, con el fin de utilizar
los globos y las boyas, uno por 10 menos de 10s satelites
de 6rbita polar ha de estar dotado de un sistema de

radio adecuado para localizar los globos y las boyas, con
objeto de reunir la informaci6n por e110s facilitada.
Finalmente; no se debe olvidar que a pesar de los progresos que se estan realizando en relaci6n con la mayoria
de los sistemas de observaci6n espacial, quedan aun
numerosos problemas por resolver; cuando se 11egue a
un a,cuerdo en relaci6n con la realizaci6n del Experimento Mundial, se podra discutir entonces el calendario
de operaciones y el resto de las cuestiones tecnicas que
es preciso resolver para conseguir establecer el sistema
compuesto de observaci6n que permita satisfacer las
necesidades del Experimento.
Sistema de preparacion de datos
En la planificaci6n del sistema de concentraci6n y
preparaci6n de datos se ha estimado oportuno introducir
la siguiente clasificaci6n por niveles, en 10 que respecta al
flujo de los datos :
Nivel I : Datos originales (sefiales telemetricas, radiancias de la banda original, infrarroja y de
microonda en forma espectral, imagenes de
nubes, etc.).
Nivel ll:

Parametros meteorol6gicos obtenidos directamente de muchos tipos de instrumentos senci11os, 0 derivados de los datos de Nivel I
(como por ejemplo, vientos medios obtenidos
merced a posiciones subsiguientes de los
globos de nivel constante). Teniendo en cuenta
su ciclo de preparaci6n en los Centros Meteorol6gicos Mundiales, esos datos pueden dividirse en dos .categorias :

Datos de la serie Il a: Datos operativos de
la Vigilancia Meteorol6gica Mundial concentrados por medio del SMT hasta que se
interrumpe la transmisi6n.
Datos de la serie Il b: Conjunto fie Datos de
Investigaci6n del Experimento Mundial que
se distinguen de los de la serie Il a por una
interrupci6n demorada en la recepci6n con
el fin de obtener una colecci6n completa
de datos.
Nivel Ill: Parametros procedentes de la situaci6n meteorol6gica inicial. Se trata de conjuntos de datos
coherentes entre si, que se presentan en forma
reticular y que se obtienen de los datos de
Nivel Il mediante la aplicaci6n de tecnicas
de asimilaci6n cuatridimensionales.

Datos de la serie III a : Analisis operativos de
la Vigilancia Meteorol6gica Mundial, obtenidos de los datos de Nivel Il a.
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Datos de la serie III a : Analisis del Experimento Mundial obtenidos de los datos de
Nivel II b Y producidos por los CMM con
una interrupci6n demorada de unas 24 horas.
Responsabilidad en materia de preparaci6n de datos

Las instalaciones y medios para la adquisici6n, conversi6n a panlmetros meteorol6gicos y archivo de datos de
los diversos subsistemas de observaci6n, como por
ejemplo los sateIites geoestacionarios y de 6rbita polar
(asi como los programas de ensayo de los globos de niveI
constante y de los globos portadores), incumben por 10
general alas organizaciones nacionales que son respc.nsables de los subsistemas. Por consiguiente, parece l6gico
pensar que la adquisici6n de datos, el control de la calidad
y la transformaci6n en parametros meteorol6gicos incumben alas organizaciones nacionales respectivas.

Datos operativos de la Vigilancia Meteorol6gica Mundial (Nivel II a). El tiempo de concentraci6n de los
datos de este subnivel queda limitado por el cicIo de
interrupci6n en el funcionamiento establecido en los
CMM. Se supone que cualquier dato adicional recibido
despues de una interrupci6n fija (por ejemplo, cada
10 horas aproximadamente) puede no ser utilizado en el
plan de preparaci6n operativo. EIIo puede interesar las
observaciones transmitidas con alguna demora 0 bien
las observaciones obtenidas mediante subsistemas especiales de observaci6n para los que el cicIo de concentraci6n y preparaci6n puede ser mas largo que el tiempo de
interrupci6n de la transmisi6n. Por consiguiente, el
conjunto de datos operatil'os mundiales puede no ser
completo.
Conjunto de datos de investigaci6n del Experimento
Mundial (Nivel II b). Ademas de los parametros meteorol6gicos basicos especificados en materia de datos para
el Experimento Mundial (es decir, V, T, q, Ps y Ys),
este conjunto de datos comprende los relativos alas
radiancias y otros elementos tales como las nubes, la

OBJECTIVES AND PLANS

nieve y la capa de hielo, las zonas de precipitaci6n y la
humedad del sueIo.

Analisis operativo de la Vigilancia Meteorol6gica Mundial (Nivel III a). La preparaci6n de los analisis mundiales en los CMM basado en los datos de Nivel II a debe
estar disponibles, en principio, aproximadamente 10 horas
despues de la hora de observaci6n. Ademas de su utilizaci6n operativa, esos analisis seran utiles para seleccionar
casos para grupos de investigaci6n.
Analisis del Experimento Mundial (Nivel III b). Con
el fin de asegurarse que practicamente todos los datos
de los diversos subsistemas de observaci6n estan disponibles, se ha estimado de manera realista que es necesaria
una interrupci6n demorada de aproximadamente 24 horas
para proceder a una asimiIaci6n cuatridimensional de
los datos de Nivel II b. No obstante, habida cuenta de los
progresos y mejoras en la transmisi6n de los datos y en
los metodos de preparaci6n de 10s mismos, tal vez fuera
posible reducir este tiempo de manera considerable.
Funci6n de los Centros Meteorol6gicos Mundiales. Resulta evidente que los CMM han de desempefiar una funci6n
fundamental en el analisis de datos de este nivel para el
Experimento. No sera posible conseguir la elaboraci6n
de los datos en tiempo real durante el Experimento sin
la activa colaboraci6n de los CMM.
Flujo de datos a traves del SMT. En la Figura (ii) se
presenta un esquema de flujo de informaci6n de un sistema
de datos posible del Experimento Mundial. En esa figura
se dan tambien valores estimados del volumen de datos
que pueden obtenerse del sistema de observaci6n y transmitirse a traves del SMT. Merece la pena observar que
aunque la capacidad del circuito principal del SMT es
considerable y por 10 tanto permite transmitir informaci6n perteneciente al Nivel II desde todos los subsistemas
de observaci6n posibles y con funcionamiento diario, el
circuito principal puede saturarse en determinados momentos debido a la irregularidad de la transmisi6n de
los datos desde determinados subsistemas de observaci6n.
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1. INTRODUCTION

A Global Experiment is planned to commence in 1977.
It is an effort to measure the large-scale state and motion

of the entire atmosphere over a period of approximately
one year with two periods of intensified observations.
The main intention of the Experiment is to obtain a
deeper understanding of the large-scale motion of the
atmosphere and thereby to exten.d the period of time for
which useful forecasts can be made.
The need for a Global Observation Experiment was
already expressed by scientists several years ago. With
the increasing progress in the development of physical
models for forecasting and simulation of the general circulation of the atmosphere, it became more and more
clear that the lack of observational data represented a
major obstacle for further progress. The Global Experiment is an effort to restore the balance between observations and theoretical studies.
In view of the rapid development within space technology, it was expected at the outset of planning for
GARP (circa 1967) that a global observing system could
be achieved by the mid 1970's. Furthermore, it was
expected that sufficiently powerful computers to make
meaningful use of the data would then also be available.
Now, approximately six years later, these expectations
are stilI justified.
In the planning of the Global Experiment, the Joint
Organizing Committee has attempted to achieve a balance
between three basic factors: (i) scientific objectives;
(ii) technological feasibility; and (iii) availability of resources.

Clearly, these factors are not independent. More precise formulations of the data requirements with the aid
of numerical experimentation have stimulated intensified
efforts by technologists, and reciprocally technological
developments have stimulated experiments in numerical
experimentation. Although further improvements of the
various observational techniques must be regarded as
desirable, it can be concluded that we have reached the
critical point at which JOC has judged that it will be
possible to fulfil the objectives of a global experiment.
We might state that in principle a balance between the
two first factors now may be foreseen.
. With regard to the third factor, the required resources
for the experiment, it should be said that the Global
Experiment will of course basically consist of the same
elements as the World Weather Watch (WWW), i.e., an
observing system, a data-processing system and telecommunication system. Obviously the WWW will be the
basis on which to build, but there are additional requirements that arise out of the fact that the Global Experiment is a research effort with a specific programme goal,
while the WWW planning is concerned with a continuing
programme serving several purposes.
The GARP planning carried out so far and the prospects of accomplishing the GARP goals have already
greatly stimulated activities in several countries. There
is therefore a real possibility that a pooling of resources
might indeed provide a basis for satisfying the GARP
requirements. It is important to seize this possibility.

2. THE GLOBAL ATMOSPHERIC RESEARCH PROGRAMME

2. 1 Background
In the years over the period 1961 to 1963 the General
Assembly of the United Nations adopted three resolutions which called for an international programme in
meteorology for the benefit of mankind, utilizing the
newly emerging capability of space based observing techniques.
In the first of these, Resolution 1721 (XVI), the World
Meteorological Organization (WMO) was requested, in
consultation with other organizations such as the International Council of Scientific Unions (ICSU), to study
measures to:
(i) advance the state of atmospheric science and technology so as to provide greater knowledge of basic
physical forces affecting climate and the possibility
of large scale weather modification;
(ii) develop existing weather forecasting capabilities and
to help Member States make effective use of such
capabilities through regional meteorological centres.
In answer to this resolution WMO responded with the
concept of the World Weflther Watch, an effort devoted
to improving the global meteorological observing, processing and telecommunication networks, production of
forecasts and their dissemination to countries for regional
and local use. WMO also established an Advisory Committee which undertook to study the research possibilities that could be related to this effort.
In the second, Resolution 1802 (XVIII), ICSU was
invited to develop an expanded programme of atmospheric science research which would complement the
programme fostered by WMO. ICSU responded by
organizing a Committee on Atmospheric Sciences which
made proposals for a global research programme aimed
at improving the scientific understanding of the large
scale features of the general circulation of the atmosphere.
In the third, Resolution 1963 (XVIII), Member States
were urged to extend their national meteorological efforts
to implement the expanded programme of WMO, to
cooperate in the establishment of the World Weather
Watch and to increase research and training in atmospheric sciences.
In 1966 the Committee on Atmospheric Sciences and
the WMO Advisory Committee met in a joint session
and adopted a recommendation that WMO and ICSU

should jointly sponsor the effort, which had been named
the Global Atmospheric Research Programme (GARP).
This initiative of the United Nations has already led
to a radically improved system for a global observation
of the atmosphere for operational purposes using both
conventional and new space techniques. There have also
been substantial improvements in the international exchange and processing of the observations. Furthermore, research has been accelerated and directed towards
increasing our understanding of the processes which are
of importance in improving our ability to predict the
motion of the atmosphere.
2.2 Basic Concepts
At its first meeting in April 1968, the Joint Organizing
Committee for GARP and later also ICSU and WMO
agreed to the following more precise definition and objectives of the Global Atmospheric Research Programme:
it is a programme for study those physical processes in
the troposphere and stratosphere that are essential for
an understanding of:
-

-

The transient behaviour of the atmosphere as manifested in the large-scale fluctuations which control
changes of the weather; this would lead to increasing
the accuracy of forecasting over periods from ohe
day to several weeks;
The factors that determine the statistical properties of
the general circulation of the atmosphere which would
lead to better understanding of the physical basis of
climate.

To further these aims one can identify the following elemental scientific problems:
- To determine the predictability spectrum, i.e. what
properties are predictable for various time scales and
what are the correspondingly relevant space scales;
- To determine what the important physical interactions are in the free troposphere and in the boundary
layer and develop means to parameterize them in
terms of the large-scale dependent variables.
Corresponding to each predictive time scale in the spectrum there will be a requirement for consistent data sets
defined in terms of areal extent, which variables must be
measured, and specifications of accuracy and resolution.
One must at the same time develop methods for optimum
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information extraction from the observed quantities, now
commonly called the four-dimensional assimilation problem. Finally, one must be able to assess the impact of
observing system compromises on predictability degradation.
A comprehensive and concerted programme to solve
these problems systematically requires:
(i) regional observational experiments to acquire the
fundamental data necessary for the design and
testing of methods for parameterization of the subgrid scale processes and their interaction with the
large-scale motion;
(ii) a global observation experiment to assemble a complete data set appropriate for the study of the
behaviour of the large-scale motion of the atmosphere for periods from one day to a season;
(iii) numerical experiments with provisional theoretical
models to study hypotheses on predictability and
atmospheric energetic coupling, and to test parameterization, observing systems and data assimilation alternatives.

2.3

The Main Components of the GARP

In the light of the objectives of GARP as stated above,
the Joint Organizing Committee has found it desirable
to establish a series of research and observational programmes which are all designed to improve our knowledge and understanding of the behaviour of the whole
atmosphere or some part of it (cL Figure 2.1).

(i) Data Problems: This covers the problem of designing
a global composite observing system, the development of methods for the efficient use of satellite techniques to generate accurate meteorological data, the
design of high quality four-dimensional data assimilation schemes and the evaluation of the deficiencies
of observational networks through appropriate numerical simulation experiments.
(ii) Physical Processes: This is aimed at understanding
internal dynamical and lower boundary interactions
and energy generation and dissipation. The main
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objective is the development of appropriate parameterization techniques which would enable the
proper incorporation of different physical processes
occurring in the atmosphere into the numerical
models.
(iii) Computational Considerations: This concerns the
resolution requirements, computational schemes including finite difference and spectral methods as
well as the development of an adequate gridding
system for the globe.
(iv) Prediction and Simulation: This mostly deals with
application aspects of the models and incorporates
weather forecasting, verification procedure, predictability, climate and general circulation simulation, etc.
2.3.2 The Global Sub-programme. The GARP global
SUb-programme has a prominent place in GARP since
the large-scale dynamics of the atmosphere is the central
theme of GARP. All other sub-programmes and related
experiments are designed to study regional phenomena
or processes which occur in the atmosphere on smaller
scales. They include meso-scale, micro-scale and radiative processes as sources and sinks of energy for the
large-scale phenomena. An understanding of the interaction between the various scales of atmospheric motion
would lead to the development of methods of representing
them in terms of the parameters which define the largescale motion (the parameterization problem). The global
sub-programme will thus receive an input from all other
sUb-programmes.
-

2.3.1 The Numerical Experimentation Programme is
an attempt to bring together research groups throughout
the world in a coordinated effort to solve problems which
are related to the planning of the GARP experiments and
the development of more realistic prediction models. It
should be regarded as the main core of the overall scientific planning.
The following four problem areas can be identified
within the numerical experimentation programme:
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The Global Experiment is the main observational part
of this SUb-programme.

2.3.3 The Tropical Sub-programme which focuses
attention on tropical convective systems that have a scale
of tens to hundreds of kilometers and their interaction
with the large-scale motion. The principal objective of
this SUb-programme is to provide a basis upon which to
develop appropriate schemes for estimating the effects
of the smaller tropical weather systems on the large scale
circulation and to provide data against which the validity
of numerical prediction methods can be tested in the
tropics.
-

The GARP Atlantic Tropical Experiment (GATE) is
the main experiment within this SUb-programme
(GATE Report No. 1, 1972).

In this context should also be mentioned the Barbados
Oceanographic and Meteorological Experiment (BOMEX,
carried out by the D.S.A. in 1969). The results and experience gained from this experiment have been of considerable value in the planning work for GATE.
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2.3.4 The Air-Surface Illteractioll Sub-programme
which includes boundary layer and air-mass transformation studies. The following experiments are related to
this sUb-programme:
-

I

The Air-Mass Transformation Experiment (AMTEX,
proposed by Japan) which will take place in the Southwest Islands of Japan in the winters of 1974 and 1975.
The aim of this experiment is to clarify the transfer
processes by which energy and momentum are supplied from the sea to the air and transported to the
free atmosphere through the planetary boundary
layer. especially in the areas where air-mass transformation is active (JOC-VII, 1972).

-

The Polar Experiment (POLEX, proposed by the
U.S.S.R.) whose task is to determine the energy
exchange between the temperate latitudes and the
polar regions. The experiment will last several years
and culminate during the Global Experiment. The
POLEX programme will fulfil the requirement for
vitally needed data for parameterization of small and
medium scale processes in ice covered regions.

-

The Monsoon Experiment (MONEX, proposed by
India). The main aim of this experiment is to study
the model capability to simulate the onset of the

southwest monsoon over Asia. For this purpose it is
being planned that one of the Special Observing
Periods durillg the Global Experimefll should coincide
with the onset of the monsoon (May-June) and that
a limited study of some key meso-scale and air-sea
interaction processes be included as part of the
Experiment (cf. Chapter 9).

2.3.5 The Radiatioll Sub-programme includes theoretical and experimental research which is of importance
for the development of parameterization techniques in
numerical models. It is also concerned with the determination of the radiation measurements which are
required for GATE and the Global Experiment.
-

The Complete Atmospheric Energetics Experiment
(CAENEX, proposed by the U.S.S.R.) is related to
this SUb-programme. The main objectives of this
experiment is to investigate the transfers of all kinds
of energy and all kinds of heat flow in the atmosphere.
The experimental part of this experiment consists of
a series of expeditions over the period 1970--1975
which will provide data on the energetics of a close
tropospheric volume with a horizontal extent of 200300 km over surfaces with different dynamical and
physical properties.
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3. THE WORLD WEATHER WATCH (WWW) AND ITS RELATIONSlllP TO GARP

3 . 1 The Basic Concepts of the WWW

As stated in the WWW documentation, the primary
purpose of the World Weather Watch is to make available
to each Member country the basic meteorological and
other relevant environmental information it requires for
efficient and effective meteorological services both as
regards the application of meteorology and research. The
World Weather Watch is a dynamic system and provision
is made for the incorporation of new technological and
scientific developments as they become available in order
to achieve the purposes in the most economic manner.
The World Weather Watch Plan includes three essential
operational elements, namely the Global Observing
System, the Data-Processing System and the Global Telecommunication System.
The Global Observing System (GOS)

The Global Observing System consists of the regional
basic synoptic networks and other networks of stations
on land and at sea, aircraft meteorological observations,
meteorological satellites and other observational devices.
In planning the Global Observing System the observational requirements for the various scales of motion were
taken into consideration and the horizontal resolution
and frequency requirements expressed in the WMO
Technical Regulations take this into account.
Examination of the data requirements expressed by the
lOC for GARP indicates that the World Weather Watch
will be able to contribute substantially to the Global
Experiment. In evaluating this contribution it should be
noted that the upper-air observing system will be improved, with a goal to meet (by the time of the Global
Experiment) the minimum density requirements set for
upper-air observations, Le., 1,000 km spacing for two
observations per day, in the continental areas and oceanic
areas with suitable inhabited island locations. It is
expected that indirect sounding techniques from satellites
will complement the conventional network and provide
a worldwide coverage of temperature soundings.
The Global Data-Processing System (GDPS)

The Global Data-Processing System consists of meteorological centres and arrangements for the processing of
basic observational data (real-time uses) and for the
storage and retrieval of data (non-real-time uses). The
WWW Plan for the period 1972-1975 designates 3

World Meteorological Centres (Melbourne, Moscow and
Washington) and 23 Regional Meteorological Centres.
Each Member has been requested to establish on its
territory a National Meteorological Centre. The purpose
of the GDPS is to make available to all Members the
basic processed data they require for real-time and nonreal-time application. The full implementation of this
scheme would permit the more efficient processing of the
vast amount of data generated by the Global Observing
System and would lead to a centralization of the processing activities and thus provide Member countries
with products which they can use for the performance
of their national responsibilities in the application of
meteorology, including research.
The functions of WMCs include the preparation of
analyses and prognoses for as much of the globe as
practical. WMCs will have to have the facilities to process data on a truly global scale for operational use. As
a result, they can play an important role in the Global
Experiment.
The Global Telecommunication System (GTS)

The Global Telecommunication System consists of
telecommunication facilities and arrangements necessary
for the rapid collection and distribution of basic observational data and processed information. It is organized
on a three level basis:
The Main Trunk Circuit and its branches
The Regional Telecommunication Networks
The National Telecommunication Networks
The Main Trunk Circuit is a high-capacity girdle around
the world interconnecting the 3 World Meteorological
Centres and 7 Regional Telecommunication Hubs (RTH).
Two further RTHs are situated on branches of the Main
Trunk Circuit. Thus it has been ensured that all WMO
regions are connected through the Main Trunk Circuit
and its branches. The Main Trunk Circuit will in general
provide a capacity of 2,400 bits per sec. and will thus
be able to handle a large amount of digital data. Regional
telecommunication networks will provide for the rapid
collection of the observational data at the RTHs, in
particular at RTHs or WMCs on the Main Trunk Circuit and its branches. The regional telecommunication
networks also provide for the distribution. of observational and processed information to NMCs and thus
ensure that all Members receive the data they require.
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The Global Telecommunication System has been
designed in such a way as to be capable of handling the
expected traffic for the World Weather Watch. It is
anticipated that the additional traffic generated during
the Global Experiment, in particular the data desirable
for use in real-time, could be accommodated on the
Global Telecommunication System, in particular on the
Main Trunk Circuit.
3.2 The Relation between the WWW and the GARP
The most fundamental relationship between the WWW
and the GARP is that both are born of the wish to seize
the unprecedented opportunities which now present
themselves for progress in the science and practice of
meteorology, a wish which on the international level
arose spontaneously in the relevant governmental and
non-governmental organizations.
The Global Experiment now being planned will require
a truly global coverage of meteorological observations
and it is apparent that the major part of the data needed
will be supplied by the WWW Global Observing System,
which at the time of the Experiment is expected to have
expanded considerably. Nevertheless, the GARP planning has shown that a very specific effort is required in
order to provide the necessary observations, means for
transmission and data processing as required to meet the
objectives formulated for GARP. The needs for research
will be generally beyond those of operational weather
centres in 1977.
It is also quite clear that specific efforts are required
in order to realize the World Weather Watch plans as
they have been agreed on for implementation during the
four-year period immediately preceding the Global Experiment. A decision for launching such a global experiment
would therefore provide a focus of attention which could
very well help in actually achieving the goals set for the
WWW.
The observational requirements to be met by the WWW
Global Observing System are still the subject of investigation, based on scientific considerations. It is still to a
large extent dependent upon the outcome of the GARP
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experiments that decisions on such fundamental questions
as the optimum compromise between resources and requirements will be taken.
With regard to the data processing for the Global
Experiment, it is realized that the success of the Experiment is strongly dependent on the active cooperation of
the World Meteorological Centres. If it should be possible to make immediate and extensive use of the data
of the Global Experiment, a considerable amount of
work will be required in addition to the normal routine
operations. However, it is also true that this would provide an opportunity to perform realistic tests of more
advanced techniques in routine Numerical Weather Prediction which should be beneficial to the WMCs.
The Global Telecommunication System is an essential
element of the WWW upon which GARP experiments
are critically dependent. In particular should be emphasized the importance of the high-speed Main Trunk Circuit
becoming fully operational before the Global Experiment.
Here again the experience gained in the field of telecommunications during the GARP experiments, as for
example in the communication of observational data
from remote sensors to the processing centres, will be
very useful in the further development of the GTS.
The Global Experiment is a deliberate attempt to lead
the way to the possible limit of deterministic forecasting.
It is an experiment, of limited duration, to focus attention
on diverse technical and scientific developments so that
they can culminate in the same time period and thus complement each other to the fullest possible extent in providing the necessaJy resources.
From the above considerations it should be clear that
there is a close relationship between WWW and GARP
and that the success of one programme will depend on,
and contribute to, the success of the other.
References to Chapter 3
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4. THE PURPOSE OF THE GLOBAL EXPERIMENT

Through theoretical considerations and numerical
experiments it has become clear that there exists an upper
limit for the predictability of the atmosphere as a determinate system. We also know that the smaller scale
motions become unpredictable much sooner than the
larger ones. According to Lorenz (1969), the large scale
unpredictable growing disturbances seem to be created
by the non-linear interaction of the smaller scales of
motion and thus the unpredictability successively penetrates through the spectrum of atmospheric motions
from smaller to larger scales.
Considerable interest has been devoted to obtaining
realistic estimates of the maximum length of time for
which the atmosphere can be predicted. From the very
nature of the problem it is evident that such estimates
must necessarily be approximative. This is also reflected
in the results obtained, which differ considerably.
In spite of the uncertainty of these estimates it is clear
that a considerable gap exists between the present level
of predictability and the inherent limit of predictability.
Of course, it must be recognized that it will not be possible to close this gap completely; this would necessitate
a perfect model of the atmosphere, perfect numerical
solutions requiring practically unlimited computer capacity and a perfect observing system supplying error-free
initial state conditions for the forecast computation.
Nevertheless, there is considerable room for improvement of our presently imperfect models and our quite
limited capability to observe the global atmosphere adequately in space and time.
In view of the above, we may distinguish between four
major objectives for more extensive observations of the
global atmosphere:
- To obtain a better understanding of atmospheric
motion for the development of more realistic models
for extended range forecasting, general circulation
studies and climate;
- To assess the ultimate limit of predictability of
weather systems;
- To develop more powerful methods for assimilation
of meteorological observations and, in particular, for
using non-synchronous data in order to determine
the initial condition for predicting the large-scale
motion;
- To design an optimum composite meteorological
observing system for routine numerical weather pre-

diction of the larger-scale features of the general circulation.
These four objectives can be said to represent the main
purpose of the Global Experiment and it is seen that
both research and operational aspects are involved.
4. 1 Development of More Realistic Models

There still exist considerable deficiencies in our understanding of the planetary scale motion. We may, for
example, mention that the dynamics of the ultra-long
waves and the blocking phenomenon are far from fully
understood and that the present models cannot describe
their development properly. The errors of the forecasts
are to a considerable extent due to inadequate treatment
of the very lowest wave numbers. While it is true that
the meteorological network in the Northern Hemisphere
can be considered to be almost sufficient to study the
behaviour of these waves, it is clear that observations
are totally inadequate for studying this problem in the
Southern Hemisphere. As the very long waves to a large
extent are controlled by the distribution of the continents
and the seas, which is quite different in the two hemispheres, it would be possible to gain further insight into
the dynamics of these large-scale features by making
comparative studies between the two hemispheres where
the forcing functions are substantially different. This has
so far been impossible because of lack of Southern Hemisphere data.
Better knowledge is also required with regard to the
dynamic coupling between the two hemispheres. In
certain situations and in certain areas (especially during
the monsoon seasons) there is considerable exchange of
energy between the hemispheres which must be taken
into account in making forecasts exceeding a few days.
In this connexion further explorations of the tropics are
needed. The GATE covers only a limited portion of
the tropics and will evidently not give all the necessary
information regarding the large-scale dynamics.
There is also a need for better understanding of the
smaller scale and meso-scale phenomena and their feedback effects into the larger scale flow. We are concerned
with the question: Which is the smallest scale we need to
resolve explicitly by numerical models? To answer this
question "it IS neces5ary to observe and analyse the interaction of the various scales of motion in the atmosphere
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Time and space scales or various atmospheric phenomena. The blue area represents the scales which are explicitly resolvable
for numerical predictions. The curve on the left represents the variation of atmospheric energy density as a function of hori·
zontal scale. The hatched area indicates the portion of the energy spectrum within which the physical processes cannot be
resolved by a computational grid with a mesh width of about 100 km. For these processes onc must seek to express their
statistical effect in terms of the parameters which are available in the model (The Paramclerization Problem).

and thereby try to identify the sub-grid scale phenomena
which have a significant influence on the large-scale
motion. We need to devise methods to represent the
locally averaged effect of these processes in terms of the
parameters which are available in the model (the parameterization problem, cf. Fig. 4.1).
We need also to be concerned with the processes which
are of importance for the simulation of long term variations of the motion of the atmosphere. As examples of
such processes we can mention the interaction of the
atmosphere with the upper layers of the ocean or the
polar ice and the various factors causing changes in the
radiation balance (e,g. the increase of carbon-dioxide
and pollutants in the atmosphere, variations of the surface albedo due to the expansion of agriculture, etc.).

4.2 To Assess the Ultimate Limit of Predictability of
Weather Systems
Depending on the assumptions made, the estimates of
the length of time during which weather systems can be
predicted vary from one to three weeks. This uncertainty calls for further study to establish the practical
and theoretical deterministic limit of predictability more
firmly. We do not either know to what extent extended

forecasts of average weather conditions during a week,
a month or a season are possible. Forecast experiments
based on real data using sophisticated global models
which include ocean levels down to the thermocline need
to be performed for periods of a month, a season and
preferably for one or a few years to study the relative
decay of predictability of the space and time spectral
components.

4.3

Improved Accuracy of the Initial Condition

It is clear that the existing global observing network
is inadequate for the full exploitation of the models which
are today used for middle range forecasting. No matter
how much we improve the models, the extended range
forecasts cannot be substantially improved unless the
meteorological network is radically improved. A considerable number of numerical experiments have been
performed in order to study the growth of errors due to
the uncertainty of the initial state. Based on these
numerical experiments, estimates have been made of the
accuracy and the space and time resolution which is
required (see Chapter 5) for the Global Experiment.
These estimates must necessarily be considered as minimum requirements. After the Experiment it will be possible to judge in what detail it will be necessary to
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observe the atmosphere for operational purposes. Evidently this depends on the answer to the question concerning the smallest scale which we need to resolve in
order to forecast the large-scale motion. Alternatively
we may say that the observational requirements are
dependent on what detail we need to and can simulate
the atmosphere.
There is another problem which should be mentioned
in the motivation for a temporary augmentation of the
observational network. Recent numerical experimentation indicates that of the dependent variables formally
necessary to specify the. large-scale state ofthe atmosphere,
some contain more information than others. All the
variables are physically coupled through the physical
laws, but some appear to be more critical than others
in defining the state of the atmosphere. In order to
identify the quantities which are of secondary importance
and therefore are more or less dynamically redundant it
is necessary to conduct global but still quite detailed
experiments.
It should finally be remarked that an improved accuracy of the initial condition not only depends on an
improved observing system but also on the development
of improved methods for the assimilation of nonsynchronous data and the improvement of initialization
schemes. The Global Experiment should not be considered as simply a data collection effort; it is of basic
importance that sufficient resources are devoted to the
processing of the data and to making them available to
research groups for studies of the basic questions described
briefly above.

4.4 The Design of an Operational Global Observing
System
With the aid of the data and the experience from a
Global Experiment it will be possible to determine a
configuration of a composite global observing system for
routine long-range weather prediction that will represent
an optimum compromise between available resources and
ideal requirements. This can only be achieved if we have
access to more detailed mformation on the actual behaviour of the global atmosphere for a certain period of
time, i.e. during the Experiment. With such a set of
observations it will be possible to perform numerical
experiments using various models in which one may
systematically vary such factors as the density, uniformity
of distribution, etc., and isolate their effect on the
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accuracy of the predictions. There is no doubt that
experiments already conducted with simulated observations have demonstrated the feasibility of such techniques.
However, such experiments with artificial data can never
be definitive. Nevertheless, they have already given and
will continue to give valuable guidance in designing the
minimum observing system for the Global Experiment,
which can therefore be considered as an essential part
of the long term planning of the WWW.
It requires that certain important gaps should be filled
in order to provide a more uniform world-wide coverage
of data and it also requires that all the observing efforts
are closely coordinated. Moreover, it is equally important to emphasize that without making an extra effort
during a limited period of time, it will not be possible
to benefit to the maximum of the considerable investments which obviously will be made in the next few
years. The observing efforts are planned as part of the
WWW approach, but do not come close to the basic
minimum requirements.
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5. OBSERVATIONAL REQUIREMENTS FOR THE EXPERIMENT

The first estimates of the observations required for the
Global Experiment were established by the GARP Study
Conference in Stockholm, 1967. In stating these requirements, it was clearly realized that they could only be
considered as the "current best estimate" and it was
emphasized that numerical experiments must be carried
out in order to provide a rational basis for the design
of a global observing system.
Following the Stockholm Conference, the problem of
specifying the requirements has been considered in detail
by the JOC and its Working Group on Numerical
Experimentation. Under the aegis of the Working Group
on Numerical Experimentation, a programme of numerical experimentation was established and many special
numerical experiments have been carried out that have
provided important new guidance in the matter of requirements. Based on these experiments, and on consideration
of the results of other model experiments, certain modifications have been introduced into the specifications.
These modifications deal for the most part with details
and it can be said that the foundations laid in Stockholm
in 1967 have stood well.
5 . 1 Basic Principles
The basic philosophy in specifying the observations
that are required for the Global Experiment are based
on several principles, in addition to the fundamental
consideration that the observations must convey sufficient information to permit the attainment of the objectives of the Experiment.
- The specifications should be considered as the minimum useful for those regions of the globe where
observations with better resolution and higher accuracy are not available;
- The stated minima are regarded as those necessary
to be achieved over currently data-sparse regions if
the Global Experiment is to be a worthwhile undertaking with a good prospect of success. It is not to
be implied that failure to meet any of these specifications would necessarily imply failure of the Experiment, but merely that the probability of success would
be lowered if observations fell short of stated
standards.
- In the specification of the observational requirements,
account is taken of the fact that the various para-

-

meters which describe the large-scale state of the
atmosphere are dynamically coupled. Some parameters appear to be more critical than others in
defining the overall state of the atmosphere. Therefore, while it is in principle possible to consider some
trade-offs between parameters, the observing system
must be designed in such a way that there will be the
possibility to identify the quantities that are of
secondary importance and are therefore dynamically
redundant.
The specifications refer to observational points (or
stations) and not to grid-point values in which the
values of the parameters are determined from an
analysis procedure and which therefore may contain
additional errors resulting from application of fourdimensional interpolation methods.

5 .2 Summary of the Accuracy and Resolution Requirements for Data-Sparse Regions
The specifications given below, separately for the midi
high latitudes and for the tropics, are the miniiflUm
needed for the Experiment; observations with higher
accuracy or resolution, where practical to obtain, will
provide important additional information.
5.2. 1 Observational Requirements for Mid and High
Latitudes
(i) Temperature
Horizontal resolution
500 km
Vertical resolution
4 levels in troposphere
3 levels in stratosphere
Accuracy
± 1QC

Note: In mid and high latitudes, temperature appears
to be the most important parameter in terms of information content, in part because it can be measured with
the higher percentage accuracy in terms of the normal
range of variability, as compared with wind.
(ii) Wind
500 km
4 levels in troposphere
3 levels in stratosphere
Accuracy
± 3 m/sec-1
Note: Wind is ranked as lower priority than temperature, since it can be derived satisfactorily from temperature using balance relationships. However, it is useful

Horizontal resolution
Vertical resolution
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for the Global Experiment to provide some overlap since
there can be important non-geostrophic components in
the wind near the tropopause and in the lower levels.
(iii) Relative Humidity
Horizontal resolution
Vertical resolution

500 km
2 degrees of freedom In
troposphere
Accuracy
± 30%
Note: Only a general description of the relative
humidity field is needed for specifying the initial state; the
numerical models reconstruct satisfactorily the detailed
humidity field.
(iv) Sea Surface Temperature
Horizontal resolution
500 km
Accuracy
± 1°C
(v) Pressure
Horizontal resolution
Accuracy

5.2.2

500 km
±0.3%
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5.2.3

Observations should be made twice per day, if possible,
but at least one observation is required. Observations
from conventional upper-air stations and surface stations
should be made at the standard synoptic hours of 00 and
12 GMT, if possible. If local conditions dictate, observations can be equally useful to the Global Experiment if
made at any other times.
For sea surface observations, three day averages will
suffice; more detailed information might be available and
will be useful for special studies.

5.3

Accuracy

500 km
4 levels in troposphere
3 levels in stratosphere
± 2 m sec-1

Note: Wind is considered a fundamental parameter in
the tropics because it is only weakly coupled to the mass
field and cannot be satisfactorily derived from other parameters. Full vertical resolution is a critical requirement
in the zone near the equator.
(ii) Temperature
Horizontal resolution
Vertical resolution
Accuracy
(iii) Relative Humidity
Horizontal resolution
Vertical resolution
Accuracy

500 km
4 levels in troposphere
3 levels in stratosphere
± 1°C
500 km
2 degrees of freedom in
troposphere
± 30%

(iv) Sea Surface Temperature
Horizontal resolution
500 km
Accuracy
± 1°C

Other Observations

It has been recognized that in addition to these requirements, certain other measurements are necessary. Thus
the set of other proposed measurements include:

-

cloud cover On the light and dark sides of the earth,
snow and ice cover in cloudless areas;

-

zones of precipitation and estimates of soil moisture;

-

reflected and scattered short wave radiation; total
emitted radiation; albedo and radiation balance of
the earth-atmosphere system (not needed globally lior
on a real time basis);

-

oceanographic observations.

Observational Requirements for the Tropics

(i) Wind
Horizontal resolution
Vertical resolution

Frequency of Observations
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6. ELEMENTS OF THE OBSERVING SYSTEM

It became clear early in the planning for the GARP
Global Experiment that no one observing technique could
provide the required observations everywhere, at all
times, with the accuracy needed. Consequently, a composite observing system in which the data output of
various sub-systems are combined was visualized by
COSPAR Working Group 6, and has provided a basis
for this part of the Global Experiment planning. The
figures on accuracies and time and space characteristics
given below for the space-based sub-systems were developed at the several special meetings arranged by Working
Group 6 in response to lOC requests for technical information.

6. 1 Surface-based WWW Observing Sub-systems
6.1.1 WWW Upper-Air Stations
A variety of instruments and techniques are used by
countries to make upper-air soundings:
(i) Radiosonde. Self-contained sensor package, radiotransmitter and power supply, carried aloft by an
extensible balloon. Many different designs are in
use, in principle capable of giving nearly equivalent
observations.
(ii) Rawinsonde. Similar to radiosonde but where provision is made to track the lateral displacement of
the balloon during its ascent so that winds can be
obtained. The tracking is accomplished either by
radar or by radiotheodolite.
(iii) Electric Pilot Balloon. A radar reflector carried aloft
on a small pilot balloon (pibal) and tracked by radar.
(iv) Optical Pilot Balloon. A small balloon tracked
during its ascent manually using an optical theodolite
(gives wind only up to cloud base level or up to
middle tropospheric levels in clear conditions).
Parameters measured

Wind speed

I

Accuracies

The estimates given above are obtained from instrumentation experiments (WMO WWW Planning Report
No. 31) as to the operational instrumental accuracy
attainable in principle, but should not be taken as an
indication of the actual accuracies of the WWW upperair stations in practice, concerning which there is no
official information.
Representativeness: The representativeness of this kind
of upper-air data is of the order of 1-2 hours, 100200 km; these figures are determined by the characteristics
of a radiosonde ascent.
Frequency of Observation: Twice per day at 00 and
12 GMT. Some stations make four observations per day.
Coverage: The distribution of the WWW upper-air
stations as contemplated by the end of the current WMO
financial period 1972-1975 is shown in Fig. 6.1. Distribution of the stations generally meets the Global Experiment requirements in the continental areas of the Northern Hemisphere, but not in the tropics and Southern
Hemisphere.
6. 1.2 WWW Surface Stations
Surface stations are usually attended with trained
observers taking the observations. In many cases a wide
variety of observations is made. Listed below, however, are those of main interest to the Global Experiment.
In remote areas, automatic stations are used by many
countries to obtain surface observations. Some of the
more elaborate stations can make rain and cloud observations, but most are limited to the first five variables listed
below. Data are obtained through hard-wire connexions
or radio links, either on a timed basis, or using interrogation. The forthcoming operational geostationary satellites will have large capability for relay of data from such
fixed stations.
Parameters measured

about ±l m/sec; can deteriorate to
±10 m/sec

Pressure

I

Accuracies

±O.I mb

Wind direction

±5° to ±10°

Temperature

±loC

Temperature

±loC

Wind speed

I m/sec or 10%, whichever is larger

Pr~ssure

±l mb at surface to ±0.2 mb at 10 mb

Wind direction

±100

Humidity

±5% for temperature in the range -lO·C
to 40°C; worse than ±5% for temperatures lower than -10°C; becoming
useless at temperature below -40°C.

Humidity

±5%

Cloud amount

±locta

Precipitation

15%
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Representativeness: The representativeness will be a
function of station location and exposure.
Frequency of observations: Up to eight times per day
at standard synoptic hours.
Coverage: Distribution of surface stations is generally
satisfactory over inhabited continental and island regions; unattended automatic stations are in operation in
some regions to extend coverage. Oceanic regions are
covered only in areas of numerous inhabited islands.
6.1.3

Measurements from .commercial Aircraft

Long distance commercial aircraft are generally equipped with doppler radar or inertial navigation systems
that permit the derivations of the true wind along the
flight path. Temperature sensors are also generally
mounted on these aircraft to monitor the near atmospheric environment, but the measurements are made
close to the aircraft and therefore may not be representative of the state of the free atmosphere. Arrangements
have been made in the Northern Hemisphere and for
some routes elsewhere to have these observations radioed
to collection centres in operational time.
Parameters measured

Accuracies
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Parameters measured

I

Accuracies

Upper-air
observations

same parameters and accuracies as
listed for WWW upper-air stations
(6.1.1 above)

Surface pressure

±O.5 mb

Sea water
temp

±O.5°C (usually measured at the
water intake for the ship
engines)

Wind speed

±1.5 m/sec or 15% whicheveris larger

Wind direction

±15°

Air temperature

±O.soC (except in icing conditions)

Cloud amount

±1 octa

Precipitation

15%

Representativeness: The measurements may be smoothed over a period of several minutes.
Frequency of observations: At least once per day, sometimes more.
Coverage: Commercial ship traffic is dense enough
over much of the Northern Hemisphere to warrant selection of ships to give the required coverage. The traffic
south of about 20 N, however, becomes insufficient
nearly everywhere (except along some coastal routes) to
provide adequate observations. Areas from which at
least one observation per day may be obtained are shown
in Fig. 6.2.
0

Wind speed

±3 m/sec

Wind direction

±15°

Representativeness: The observations as currently made
are probably representative of a scale of about a few
tens of kilometers and a few minutes in time.
Frequency of observation: Wind determinations are
often made at fixed points over long runs, at a spacing
of about 100; more frequent observations are sometimes
made.
Coverage: Observations are limited to commercial air
routes, which are relatively numerous over the data
sparse areas in the Northern Hemisphere but quite
limited in the tropics and Southern Hemisphere. The
main air routes along which weather reports may be
obtained at least once a day are shown in figure 6.2.
6.1.4

Measurements from Merchant Ships

Some 40 merchant ships at this time are equipped with
radiosonde equipment (14 make wind observations) and
report via radio-links in operational time. A large
number of merchant ships report surface conditions via
radio-links in operational time.

6.2 Polar Orbiting Satellites
Satellites in near polar or geostationary orbits provide
convenient platforms for a variety of observing techniques, which fall mainly into two classes: (i) spectroradiometric techniques for measuring the intensities of
radiation in selected spectral regions for later interpretation in terms of meteorological quantities of interest,
such as temperature or water vapour profiles, temperatures of radiating surfaces, etc.; and (ii) imaging techniques for mapping cloud cover or snow and ice cover
in cloud free regions.
The instrumentation here is in a rapid state of evolution, and the accuracies and space and time characteristics of the instruments envisaged for use starting in the
mid 1970s will be improved from those in pilot or experimental use today. Therefore, in this section will be
presented a brief discussion of the instrumentation in use
today or planned for implementation in 1972, with a
projection of the kind of performance possible by the
time of the Global Experiment.

~t--+--+--+--+-+-+-""'--+-+""'H--+--~""""'-+=---+.i

180

170

160

150

140

110

130

100

90

80

..

80

20

rrTI....,r"'IVT-,-'""1-rrT"""T""lrli':~~c:Jrn

10

J--+-+--t--+-+-+-If--+-+--t--+--+-+~IS+-+--+---~~
...., ~/

10

t--+--:':::t---+-+-I-+-r.IIl-+---+-+-I-+-+--+-+--t--+--I---MiE:---cl=c:-'-"-inttilnn~-

/;.

20

30

20

10

20

30

40

50

60

70

80

90

lr-+-+-....,--+--+--+--+--+----f~

130

Legend

170

160

150

140

130

120

150

180

170

;~..../

10

L.....J._.l-....L...,;llii:l1l1il-l_.::E:...LJlIIIllIt_J-....L_..L....J_..l.._l-...l._J-...l._..L......._..l....JL-....L~..........."'IIlIllllllIU_ _.:llIiIiIl:....l......llIllllllIIW._.l-....._..l....JL-..L_J-....L~.JIl
180

140

110

20

40

50

100

110

120

130

,.0

150

160

Coverage provided by surface and upper-air stations with two observations
per day (00 and 12 GMT)
Coverage by stations with one observation per day (00 GMT)
Coverage by stations with one observation per day (12 GMT)
Coverage by stations for which full observational programme is planned
by 1975

Figure 6.1

Areas where planned and existing WWW surface and upper-air network meet GARP requirements.
Note: The area covered by an observing station is the area of a circle with a 280 km radius centred at the station.
It corresponds to an area of 500 x 500 km 2 .
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Figure 6.2

Areas where observations may be obtained from merchant ships and commercial aircraft once a day or more.
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6.2. 1

Observing Sub-systems

6.2. I . 1

Vertical Temperature Sounders

Radiometric observations in the carbon-dioxide absorption bands (i.e. the infrared vertical sounders) permit
the derivation of temperature profiles. Such observations have been successfully made experimentally on
U.S.A or U.S.S.R. satellites and routine operational
use is planned starting in 1972 in the U.S.A. and 1973
in the U.S.S.R. The accuracy of temperature derived
from infrared observation is limited to about 1°C by the
nature of the methods to invert the measured radiances
into an equivalent temperature profile, as discussed in
Appendix Ill. However, where a large number of
observations can be made, averaging techniques may
reduce the non-systematic component of this error. The
accuracy to which the radiances themselves can be measured is high, so that this is not a limiting factor in systems as currently designed or planned. Clouds in the
field of view, however, can introduce serious contamination into the observations. Such contamination can in
part be removed if the cloudiness is partial and the
vertical structure not too complex. The equivalent clear
column radiances or sounding radiances thus obtained
can be used to derive temperature profiles which will
have somewhat higher errors than those taken under clear
conditions, but will be quite useful for the Global Experiment.
As discussed in Appendix Ill, the temperatures derived
from the radiances are average values for some atmospheric layers. The satellite observations will in general
provide four such layer means for the troposphere and
three for the stratosphere up to 10 mb; additional temperatures are obtainable for the layers up to about
0.1 mb. The satellite observations will not resolve some
types of vertical features; for example, the lowest layer
is not sensed well and low-level inversions are usually
not detected; the location and temperature of the tropopause is also subject to some uncertainty. Fo.r adv~nce.d
sounders in the latter half of the 1970s, consIderatIOn IS
being given to inclusion of additional observation channels or combination of several sounding techniques, to
red~ce these uncertainties, but it is likely that the basic
vertical resolution will not be increased over that mentioned above.
Observations are also possible in the oxygen absorption band in the microwave portion of the spectrum.
Pilot experiments have been carried out on U.S.S.R.
satellites and are being planned in 1972-1974 on U.S.A.
research satellites.
Accuracies and vertical resolution of temperature
derived from microwave observations are expected to be
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somewhat lower than those mentioned below for the
infrared method.

Accuracy
Period 1972-1975:

Period
(based
design
tions)

2°C absolute (operational sounders); the precision will be higher,
allowing gradients to be determined to about 0.6°C/100 km.
1976 et seq.: I-2°C absolute; 0.6° relative for
on tentative operational sounders. The 1°C
considerafigure should apply where the
observations are taken in clear
regions of dimensions the size of
the viewing field or larger; the
accuracy will deteriorate to the
larger figure as cloudiness increases to the point where suitable corrections can no longer be
applied for cloud contamination;
from that point onwards, the
temperature profiles will be determinable only for the levels above
the clouds. Quality tags can probably be provided to indicate
these various conditions. Gradients can probably be determined to about OSC/200 km.

Vertical Resolution
Period 1972-1975:

determination of temperature profiles with about 5-6 levels up to
50 mb, for operational sounders;
additional levels to 1 mb will be
obtained from experimental
sounders.
Period 1976 et seq.: 7 levels up to 10 mb, with additional levels up to about 1 mb.

Horizontal Resolution
Period 1972-1975:
about 60 km for operational
satellites; 30-200 km for some
experimental sounders.
Period 1976 et seq.: about 30 km for levels in the
troposphere, low' stratosphere;
200 km for the upper stratosphere
levels.
Representativeness: The advanced sDunder under consideration for the mid 1970s would have a field of view
about 30 km square at nadir, and would have a capability
to scan to angular distances of 40° nadir angle perpendicular to the orbital track. Each individual radiance
observation, therefore, would be representative of a
region of about 30 km square, with a time representativeness that is essentially instantaneous. It is planned to
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30° Longitude

Figure 6.3

Schematic diagram of the track of U.S.A. operational polar-orbiting satellites under consideration for mid-1970s. The
relative sizes of instantaneous fields of view for the troposphere and stratosphere sounders are shown. The side scan of both
instruments is essentially continuous and provides full coverage over the entire satellite track.

analyse the radiances, however, over larger areas so that
the derived temperature profiles will be representative of
a scale of about 200 km.
Coverage: The geometry of the orbit of the U .S.A.
operational satellites will be such that complete global
coverage will be obtained, with some overlap between
orbits even at the equator. Fig. 6.3 is a sketch of the
track on the earth of the side-scanning sounders, with an
indication of the fields of view for the tropospheric and
stratospheric sounders; both sounders will scan across
the track at the same time, of course, to provide essentially continuous coverage.

The U.S.S.R. satellite system will have two, perhaps
three satellites in orbit simultaneously, so spaced that
they will give nearly synoptic coverage of the latitude

spread of the U .S.S.R. Thus, this system also gives
more than "complete" geographical coverage of the
earth.
Complete geometrical coverage, however, does not
mean that the observational coverage will be complete,
since extensive cloud systems will frustrate the ability to
obtain a complete profile to the surface. The opinion
expressed by scientists responsible for the U.S.A. sounding programme is that satisfactory temperature profiles
should be obtained about 90% of the time for areas the
size of a GARP resolution square of 500 x 500 km; this
estimate is based on study of cloud cover obtained up till
now. These studies are continuing, especially the assessment of the tendency for clouds to be present persistently
in any area, which would introduce a systematic bias
into the coverage obtained by this technique.
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6.2.1.2

Vertical Water Vapour Sounders

It is also possible to observe the upwelling radiation
in water vapour absorption bands from which can be
inferred the total water vapour content and a coarse
profile. It probably is not possible to obtain more than
three layer averages in the solution for the water vapour
profile in the troposphere because the absorption bands
tend to be broad and the weighting functions overlap
considerably. However, considerable useful information
can be obtained and it is planned in the next few years
to make measurements at least for total content. The
advanced sounders being considered for later will have
the capability to derive a three-layer profile along with
the determination of the total amount.
Accuracy
Total content in a column:
Layer averages:

20%
20-30%

Vertical Resolution
Period 1972-1975:

Total content on operational
satellites, two or three layers in
troposphere on experimental satellites.
Period 1976 et seq.: Total content, and three layers
(based on tentative in troposphere on operational
satellites.
considerations)
Horizontal Resolution
Period 1972-1975:
About 60 km total for content
and profiles.
Period 1976 et seq.: About 30 km total for content
and profiles.

Representativeness: The representativeness in the horizontal will be essentially that of the figures quoted
above for resolution except that the observations will
probably be analysed to give data on water vapour that
will be representative of a scale of about 200 km, the
same as for the temperature profiles. In the vertical,
the layer averages will be approximately surface to
600 mb; 600 to 400 mb; 400 mb to tropopause.
Coverage: Clouds probably will have a more serious
effect on the ability to obtain water vapour information
than on temperature. Thus the percentage of the globe
observed may be somewhat less than the 90% mentioned
above for temperature.
6.2.1.3

Imagers

lmaging from polar satellites has been accomplished
by use of television camera (vidicon) systems. These are
to be replaced in the U.S.A. operational satellites in
1972 by scanning photometers which will view in two
spectral regions, the visible and the infrared window

6

21

region at 11 microns, thus combining imaging and radiometric functions. The instrument will have a field of
view of 10 km for the infrared channel and will scan
perpendicularly to the orbital track so as to build up a
strip image. The radiometric observations will be under
much better calibration control and will give a more
accurate and more detailed intensity scale than current
vidicon observations. Also it is expected that noise will
be reduced in the system and thus make the cloud images
more reliable and easier to interpret.
Under consideration for implementation in the mid1970s is a four-channel scanner to observe the surface
in the visible, near infrared (0.8 micron) and window
infrared (11 microns), and to observe the water vapour
amount and its horizontal distribution in the upper half
of the troposphere (6.7 microns). This instrument would
have a field of view of less than 1 km for the surface
observations and 4 km for the water vapour channel.
However, the full resolution surface data will be broadcast only in the direct broadcast mode and will thus
provide local coverage only where there is a readout
station; smoothing of the observations will be done in
the satellite for storing them and relaying them to one
of the two principal command and data acquisition stations, thus providing global coverage.
The parameters derivable from the radiometric observations will include:
(i) Sea Surface Temperature

Accuracy

Period 1972-1975:

2°C absolute; precIsion will be
higher'permitting gradients to be
determined to about 1°C/lOO km.
Period 1976 et seq.: about 1°C absolute; 0.5° relative.
(based on tentative Note: studies have shown that an
considerations)
accuracy of 1°C can be approached, by making corrections for
water vapour absorption in the
beam path. It cannot be predicted at this time, however, how
close this theoretical limit can be
approached. Precision should be
such as to allow gradients to be
determined to about OSC/IO's
of km.
Horizontal Resolution

*

Period 1972-1975:
10 km
Period 1976 et seq.: 2 km.

* Figures given are resolution of recorded sensor data, not output
of processed data, for which the decision on resolution is yet to
be taken.
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Representativeness: The sea surface temperature observations will be of small enough scale so that fine features
will be resolved, but this may be more information than
required for the initial conditions for the Experiment.
In addition, there will be data gaps arising from clouds
in the field of view. It has been suggested and accepted
that the sea surface observations be averaged over three
day periods to a scale of 100-200 km.
Coverage: With the three day averaging mentioned
above, the coverage ought to be high, but extensive or
persistent cloud cover will cause some data gaps.
(ii) Cloud Top Temperatures (Equivalent Blackbody
Temperatures)
The fact that the radiometric observations will be well
calibrated will make it possible to determine the equivalent blackbody radiation temperature of cloud tops and
surface features; the physical temperatures can then be
determined if the emissivities are known.

Accuracy: 2° absolute; differences in cloud top blackbody temperatures of about 1°C will be detectable.
Horizontal Resolution
Period 1972-1975:
10 km.
Period 1976 et seq.: 2 km.
(based on tentative
considerations)
(iii) Cloud, Snow and Ice Cover
The global mosaics of these quantities should be quite
reliable in the period 1976 et seq. as a result of the
improved photometric scanners that are expected to be
in operation. The horizontal resolution available will
depend to some extent on the medium on which the data
will be distributed. For example, the images could retain
essentially their full spatial resolution of about 2 km on
film, but use of this medium will require compressing
the intensity scale.

6 . 3 Geostationary Satellites
The ATS (Advanced Technology Satellites) launched
in 1966 and 1968 established the high utility of such platforms for meteorological use, in particular the nearly
continuous imaging of cloud cover and a relay point for
data collection and distribution. They have provided a
prototype for future satellites designed particularly for
meteorology.
6.3. I
6.3. I . I

Observing Sub-systems
Spin-Scan Camera

The ATS satellites are spin stabilized, with the spin
axis parallel to that of the earth. The spin thus provides
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an automatic east-west scan for any viewing instrument
mounted on the satellite body. Provision of a stepping
mirror in the optical system makes possible a northsouth scan so that the entire disc of the earth as seen
from 40,000 km can be imaged, taking 20 minutes to
complete the full scanning, with an additional 3 minutes
for the return of the mirror. This simple mechanism has
worked very well- ATS-1 operated almost six years
before the spin-scan camera failed.
The viewing cone from the geostationary satellite is
tangent to the earth at a distance from the sub-satellite
point of about 83° of arc measured along a great circle
passing through the sub-satellite point. Severe foreshortening occurs at the limb, following the cosine law,
but considerable detail in the cloud structures can often
be seen at arc distances from the sub-satellite points of
60-70°. The sequential positions of clouds have provided
a means for measuring their movement. Where the
motion of certain types of clouds follow closely the
atmospheric motion, winds can then be derived.

Derivation of winds from Sequential Cloud Images
Experience to date using the ATS images for wind
determination has shown that suitable wind tracers exist
in large numbers at low level, around 850 mb. Cirrus
blow-off from convective systems and certain other cirrus
structures are also useful as wind tracers; their heights
are in the range 300 to 150 mb. Occasionally there are
clouds at middle levels, around 400 mb, suitable for
wind tracing .. Cloud motions are determined by measuring the relative displacement of the cloud as a function
of time. Three to five consecutive images are considered
desirable to obtain the most reliable wind determinations.
Under favourable conditions, clouds at great circle arc
distances of 55° from the sub-satellite point can be
tracked satisfactorily, but it is believed that for most
wind derivations the practical viewing cone will probably
be less.
Several factors are important in determining the
accuracy with which winds can be derived from cloud
tracers.
1. The image matrixes must be "navigated", i.e., positions in the image plane must be related to positions
on the earth. High relative accuracy but not high
absolute accuracy is required. A capability to do this
well has been demonstrated.

2. The cloud displacements must be determined. The
selections of candidate clouds are best done by an
operator but the measurement of the displacement
is best done using a computer operating on the image
matrix not an actual image. This too has been clearly
demonstrated.
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3. The heights of the tracer clouds are the most important factor in the final accuracy of the observations.
There is no means now, using the ATS observations,
to assign heights to the clouds other than climatologically. The infrared observations to be obtained with
the geostationary satellites being planned for the 1970s
will afford the possibility to infer cloud heights to
satisfactory accuracy. Experience by workers at
NESS involved in wind derivation is discussed in
more detail in Appendix IV, but this experience does
not in full reflect the latest capabilities.
In summary, routine wind derivation from sequential
cloud images is seen as feasible for the mid-1970s. While
present results are very promising, it appears clear that
even more improvement can be accomplished to assure
the operational use of this technique. Further details
on technical matters are covered in Appendix IV.

Parameters and Accuracies
The accuracies of the winds derived from cloud motions
will be a function of how well the several technical problems can be solved and to what extent averaging techniques can be used where there are many cloud tracers.
It is too early in this technical area to project what
accuracies might be expected in the future systems; the
groups working to develop these techniques, however,
have the Global Experiment requirements in mind as
their goal. Appendix IV gives some results of current
work.

Vertical Resolution
It is expected that winds will be obtained routinely
at two levels, near 850 mb and near 250 mb. It is also
expected that winds will on occasion be derivable at
middle levels, 400-500 mb.

Horizontal Resolution
There are usually many suitable cloud tracers in a
500 km square in the lower level and it is reasonable to
expect that the Global Experiment resolution requirements will be met to a satisfactory extent at this level.
At the upper levels, there are fewer clouds and it is
common to observe regions as large as 15° x 15° (latitude/
longitude) devoid of suitable cloud elements. However,
even though occurrence of suitable clouds will not be
uniform, they will be most interesting dynamically, since
these clouds are associated most often with synoptic
features of interest.

Representativeness: The winds will have a time representativeness of about 90-150 minutes, since generally
at least three picture sequences are used for their derivation. At low levels, it may be expected that the derived
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wind fields will be quite representative of the larger scale
flow even though the relative motion of individual clouds
may only be several tens of kilometers during the sequence. At upper levels, the clouds will move to the
order of 100 km during a sequence and thus should also
be representative of the general flow.

Frequency of Observations: The number of times a day
that wind fields will be derived will mainly be limited by
the available effort. It is assumed to be practical to make
derivations twice a day.
6.3. I .2

Vertical Temperature Sounding

Recent studies have also shown that useful radiance
measurements can be made for derivation of temperature
profiles. The advantage of a sounder on a geostationary
satellite is the time averaging that is possible, and the
ability to observe areas of interest continuously. An
experimental sounder is currently under consideration
for development.

6.3.2

Satellites that may be available in the mid-J970s

Current national plans are:
(i) Meteosat: The target launch date for the European
geostationary satellite has been fixed as late 1976;
(ii) GMS: The Japanese geostationary satellite is
being planned for launch in late 1976;
(iii) SMS I: The first U.S.A. operational meteorological geostationary satellite will be launched in
1973 to initiate an operational series continuing
through the 1970s;
(iv) SMS II: The second U.S.A. operational meteorological geostationary satellite will be launched six
months after the first to initiate a second operational series continuing through the 1970s;
(v) U.S.S.R.: The U.S.S.R. geostationary satellite is
being planned for launch in late 1976.
The design characteristics of ESRO, Japanese and
U.s.A. satellites may differ from one another in some
details but they bear a general similarity in that they all
use spin-scan imagers to provide high resolution images
in the visible and good resolution in the infrared, with
a calibrated intensity scale. They will have comparable
times for picture sequences and will include data relay
capability. The data rates from these satellites are very
high; each satellite will be in communication with a
dedicated command and data relay station. The very
high resolution picture data will probably be available
only to a few locations for each satellite for primary data
processing. Technical details of the U.S .S. R. satellite
are not available yet.
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Coverage: For data relay the effective coverage extends
to some 75° great circle arc from the sub-satellite point.
For routine (operational) wind derivation, a field to
about 50° great circle arc from the sub-satellite point is
assumed to represent the limit of practical viewing.
Figure 6.4 shows the coverage by five satellites, placed
in accordance with current information on their probable
location. It is seen that coverage for wind determinations extends rather uniformly to about 35° latitude, and
also that there is some overlap between each pair of
satellites. Such overlap is essential to the optimum functioning of the five-satellite system to meet the Global
Experiment requirements. The five-satellite system that
now seems realizable will have the following great
advantages:

solar radiation, with a view to combining these techniques
in a sub-system for soil moisture measurements. Further
theoretical work was also recommended on the subject
of developing physical and statistical models for interpretation of the observations.
There are at this time no plans known to pursue the
possibility of obtaining these observations for the Global
Experiment. The possibility exists that suitable sensor
systems could be flown on research satellites during the
Experiment but it appears that a considerable amount of
work is needed soon to realize this possibility in time.

(i) More flexibility is available to the contributing countries in positioning their satellite(s) to satisfy national
meteorological requirements;

The use of radio navigation signals (Loran, Loran C,
Omega) to track the position of an ascending or descending sonde is under development. The Loran-C gives the
highest potential accuracy but the coverage is not complete over the globe, nor even in the tropical belt under
consideration here. Given suitable data processing techniques, the Omega system will yield satisfactory accuracies and time resolution.

(ii) The closer the cloud targets are to the sub-satellite
point, the greater is the accuracy with which their
motion can be measured, and thus the overlapping
fields of the five satellites will permit optimum
accuracy of derived winds;
(iii) The overlap of the fields will make possible the
direct intercomparison of wind derivations between
each pair of satellites and thus assure- the optimum
consistency of the entire system.
6.4

Experimental Satellite Systems

6.4. I

Determination of Precipitation

Work in the U.S.S.R. has shown the possibility of
detection of recent precipitation by microwave radiometers on satellites. There also seems to be the possibility that the amount of precipitation can be categorized as light or heavy. There may be further experimental
flights on the U.S.S.R. Cosmos satellites and the U.S.A.
experimental satellites (such as Nimbus) that may help
define a feasible observing system for the Global Experiment. At this time, however, there are no plans for
these measurements.

6.4.2

6.5

Means for Obtaining Wind Profiles in the Equatorial
Tropics

The Omega navigation system is a low-frequency system in the region of 10-13 kHz. The signals are of very
high phase stability and have good propagation characteristics. There will be eight transmitting stations around
the globe in the final operational system, which is planned
for completion and full routine operation by about 1975.
In order to achieve the precision needed, signal averaging
over several minutes will be required. Tests under simulated operational conditions have shown that averaging
over four minutes will reduce location errors to the
equivalent of a wind error of I m/sec. With the normal
ascent rate of a sonde, this averaging time will allow
the minimum vertical resolution requirement to be
exceeded, especially in the tropopause.
Manufacturers are developing commercial units for the
routine implementation of Omegasonde stations. The
remaining problem is that of the deployment of the
son des over the open ocean areas. Four possibilities of
accomplishing this have been discussed and are reviewed
below.

Determination of Soil Moisture

Theoretical and observational studies carried out in
the U .S.S.R. have shown the possibility of using microwave observations to determine approximately the
amount of moisture in the upper several centimeters of
bare soil. A study carried out under the auspices of
COSPAR Working Group 6 considered these results, and
other experiments, and recommended that further investigations be carried out on the microwave technique, and
also on measurements of reflectance and polarization of

6.5. I

Deployment of Omegasondes from Merchant
Ships

According to the WMO WWW "Fourth Status Report
on Implementation", upper air observations were being
made in 1970 from 42 ships; winds are also measured
on 14 of these. The status report also shows projections
by countries to increase the number of ships to about
90 by the end of 1975, with the possibility of increasing
the number of ships making wind observations to 46,
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if suitable equipment were to be available. The Omegasonde system offers a feasible way of upgrading the upper
air observations from ships. However, the use of merchant ships to obtain the winds in the tropical zone is ruled
out since there is inadequate density of shipping traffic in
this zone.
6.5.2

OBJECTiVES AND PLANS

(i) Any country will have the opportunity to participate
by contributing the service of a small ship;
(ii) The Omega equipment purchased for installation on
the ship will have a long useful lifetime - for upgrading radiosonde stations to rawinsonde stations,
for installing new high quality upper-air stations, for
use on merchant ships, etc.

Special Ocean Ship Stations

A temporary network of ocean weather ships could
be visualized. However, the ships themselves need not
be as eiaborate as the ocean weather stations in current
routine operation in the North Atlantic and Pacific. A
ship for this purpose need only be large enough to provide adequate accommodation for a small crew and a
few meteorologicat observers, and have sufficient logistic
capability to maintain a station at sea for one or two
months. Any ship large enough to do that will be large
enough for installation of the Omegasonde equipment
and a modest balloon shelter.
There are two major advantages to using ship stations:

6.5.3

Deployment of Omega Dropsondes from Stratospheric Carrier Balloons

Basic Concept. As discussed in previous lOC and
COSPAR documents, miniaturized dropsondes would be
carried around the equatorial zone on large superpressure
balloons. The dropsondes would be dropped over data
sparse regions on command. Geostationary satellites
would provide the communication links to a control
point. The concept is illustrated in Figure 6.5.
The carrier-balloon concept is based on principles that
have already been tested and are in fact in a state of
further technical development.
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Carrier balloon sub-system. Carrier balloons flying at 30 mb in the equatorial stratospheric wind regime will be commanded
via geostationary satellites to launch dropsondes. Winds during dropsonde descent will be determined from analysis of Omega
navigation signals, relayed via the carrier balloon and geostationary satellites back to ground processing station. Two of
the eight international Omega transmitting stations are shown; additional geostationary satellites are needed to complete
radio coverage over data sparse regions.
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Carrier Balloon Vehicle. The superpressure balloons
would be 19 meters in .diameter, capable of carrying a
lOO kg payload at 24 km (30 mb). Such balloons have
been successfully built and tested. It is expected that
the balloons would stay in the equatorial zone (see below)
but will carry destruct mechanisms in case they should
leave the zone, or in case they should descend to a level
that would be a hazard to aircraft. The level of 24 km
is well above the contemplated level of commercial supersonic aircraft.
The carrier balloons themselves need be tracked only
accurately enough to control the dropping of sondes in
appropriate regions.
More accurate tracking would permit the direct measurement of the wind field at 30 mb. Omega signals, or
the random doppler system that will be used in connexion
with the Southern Hemisphere superpressure balloon
reference level system, could be used for accurate tracking.
Dropsonde. The Omega dropsonde will be miniaturized,
weighing less than 400 grammes total. It will descend by
parachute approximately 100 mb per four minutes over
most of the trajectory in the troposphere. A pressure
switch will give a signal at the time when a pre-set pressure is passed. It is expected that the drop profile can be
reconstructed with an accuracy of locating the 100 mb
layers to within 5 mb. The dropsondes will receive the
13.6 kHz Omega signals, relay them to the carrier balloon, whence the signals will be relayed to a control
centre via a geostationary satellite. Tests of this communication linkage will take place in 1973.
Prototype dropsondes have been tested successfully and
have confirmed the accuracy estimates of about I m/sec
for four min. averaging intervals. The dropsonde package
will carry sensors for temperature, and also possibly
humidity if tests show that appropriate sensors can maintain their calibration over the storage period in the
carrier balloon.
Deployment of the Carrier Balloons. The distribution
of the carrier balloons and theIr speed depends on the
equatorial stratospheric wind regime. This regime oscillates from westerly to easterly with a period of about
two years; the transition periods are very short compared
with the times of steady westerly, or not quite so steady
easterly flow. It is felt that in spite of the fact that the
regime cannot be predicted much in advance, it will
provide a satisfactory deployment method for the balloons. Test balloons, flying at 30 mb, launched from
Ascension Island (7°S) in the easterly regime showed a
pronounced tendency to remain in the tropical zone well
within the band 0° to 15°S.
Further Engineering Development. A full test of the
carrier balloon system is planned in association with the
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Data Systems Test 1974 during the GARP Atlantic
Tropical Experiment. About 20 carrier balloons would
be equipped with 64 dropsondes each; the communication links would be via the US geostationary satellite in
the Atlantic region, and the drops would all be made
over the Atlantic. Leading up to this test is further work
on sensors, dropsonde design for production, and design
of the dropsonde storage and release mechanism. Prototype carrier balloons are being flown in the Southern
Hemisphere to get more experience on lifetimes. Thus
far, all tests carried out have verified the original technical assumptions underlying the concept.

6.5.4

Deployment of Dropsondes from Aircraft

Recent tests have shown that it is feasible to deploy
Omega son des from aircraft. Studies of the geometry
of the data void areas, in association with the range
capabilities of suitable aircraft, have shown that it is
feasible to cover the Atlantic, Western Pacific and Indian
Oceans with long-range aircraft. It appears quite feasible,
in addition, to mix the ship scheme and the aircraft
deployment scheme to obtain adequate coverage. The
disadvantage of the aircraft deployment scheme is that
stratospheric levels will not be well covered. Some
reconnaissance aircraft operate at around 100 m b; if
these are fitted with doppler radar or inertial systems,
adequate wind information will be obtained from this
level but the sonde might not give good observations
in the 100-200 mb level.
6. 5.5

Possible Combination of Systems

If a number of countries are able to contribute ship
stations, it may be possible to cover one zonal strip, say
from the equator to lOON, with ships or possibly by a
combination of ships and aircraft with dropsondes. Then
the remaining strip from the Equator to lOOS could be
covered by carrier balloons. It may also be possible to
mix systems in a more random manner; these possibilities
are under study.

6.5.6

Pelformance of an Omegasonde System

Parameters measured
Wind

Temperature
Height/pressure

Accuracies

±1-2m/sec
±loC
height of 100 mb layers to accuracy
of 5 mb

Vertical Resolution: The Omega signals will be averaged
over several minutes so that the vertical resolution will
be limited. It is estimated that for the carrier balloon
dropsonde at least six to eight levels will be sampled in
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the troposphere and several levels in the stratosphere
between 30 mb and the tropopause. For ship stations
the vertical resolution will be higher, since sampling will
will be possible about every km.

Horizontal Resolution: This will be purely an economic
consideration and is the subject of further study, pending
the development of better cost estimates of the various
possible components.
Representativeness: The winds will represent layer
averages, some 2 km thick for a dropsonde and 1 km
thick for a normal Omega sonde launched from a ship.
Frequency of Observation: At least one observation
per day is contemplated for each grid element, but two
per day may prove to be a satisfactory compromise
against a spacing coarser than recommended. This
possibility is under study.
6.6

Constant-Level Balloons

The superpressure balloon designed to float on an
isopyonic surface (surface of constant density) has proven
to be a reliable, long-lived vehicle for tracking winds,
and for carrying sensors for in situ measurements.

6.6.1

The Flight
Vehicles

Characteristics of the

Balloon

The main findings of the U.S.A. (GHOST) and the
French (Eo le) test campaigns with respect to flight
statistics are:
(i) The balloons have long lifetimes when flying at
levels above clouds, e.g., 200 mb at mid and high
latitudes, 150 mb at low latitudes. The record
lifetime is well over 500 days (Eole Balloon) and
many of the balloons have lifetimes that exceed
300 days. However, apparently ultra-violet deterioration ultimately limits the lifetime so that the balloons
do not become long-Jived derelicts.
(ii) The two most common causes of failure seem to
be development of pinhole leaks in flight, perhaps
from incipient leaks or potential weak spots that
were aggravated during ascent, and icing conditions
where exceptionally intense convective activity has
penetrated the tropopause. There is also evidence
of electronic or power supply failures.
(iii) Experience to date confirms the feasibility of a
constant-level balloon sub-system in the Southern
Hemisphere, at a flight level of 200 mb or higher
(150 mb will be required for satisfactory lifetimes
at lower latitudes). If the two Special Observing
Periods are separated by about six months, we can
confidently expect a significant fraction of the bal-
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loons to remain in operation, thus reducing the
number needed for replenishment for the second
Special Observing Period (SOP). In fact, there
should be a substantial amount of data for the
full period of the Global Experiment, with peak
data availability for the two SOPs.
(iv) Balloons launched poleward of the sub-tropical
jet (i.e., poleward of about 20 0 S) tend to stay
poleward; some balloons get trapped for a while
in the sub-tropical jet but very few break out of
it on the equatorward side.
(v) The optimal number of constant level balloons
depends upon the desired observational grid. About
400 balloons operating simultaneously would provide
a 70% probability of obtaining one observation per
day (or more) in any 500 X 500 km 2 box poleward
of 30 0 South. In view of the random geographical
distribution of the data, this probability is considered
acceptable. The probability could be raised to
85% say, but only by doubling the number of
balloons or using two polar orbiting satellites for
data collection.

6.6.2

Balloon Electronic Package

Temperature sensors have been developed successfully and flown in the Eole experiment; they show a
night/day offset of about 0.25°C and thus have a rather
low radiation correction at 200 mb. An accuracy of
about 0.5 a C may be expected.
Ambient pressure sensors are being flown on the Eole
balloons and are being developed in the U.S. for tests
in later experiments. Pressure sensors apparently have
some difficulties but it is felt that these are solvable.
Balloon superpressure sensors, to monitor balloon performance, are in a satisfactory state of development.
A radio altimeter that weighs some forty grammes has
been developed in the U.S. that is capable of high
absol ute accuracy. Some prototype models have been
flown on U.S. test balloons and the results are satisfactory. The altimeter has a precision of about ± 10 m
at a flight level of 200 mb; the accuracy should be better
than ± 20 m.
There has been some experimentation with humidity
sensors but a satisfactory sol ution has not yet been
found.

6.6.3

Location alld Data Relay Systems

Means must be provided for locating the balloons and
for collecting their observations. This is most conveniently done with a satellite-based system. Three
schemes have been successfully demonstrated in which
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the balloons are interrogated by their code name and
their position determined by ranging and doppler shift
measurements. The most extensive test of this kind of
system is the French Eole experiment, conducted in
1971-1972. About 500 balloons were launched in 1971
from three locations in Argentina and tracked by the
Eole satellite, which provides range as well as doppler
shift measurements. A brief report of the Eole experiment is contained in Annex V.
A major problem with any interrogation system, however, is the requirement that the balloon or buoy to be
interrogated must have a receiver, which is on all the
time, and also a decoder for recognizing its name. As
a consequence, the electronic system is complex and
expensive. At present, work is underway both in
the United States and France to develop a simpler system,
in which the platform broadcasts its code name and
data in a short pulse, essentially randomly, followed by
a comparatively long dead time. The satellite must
receive about five signals during one pass over the
platform and from the doppler shifts of these signals
the position of the platform can be determined. The
signals are also stored on the satellite for relay to a
ground station where the data can be retrieved. The
intermitte.ncy of the signals, the short duty cycle, and
a certain amount of randomness in the timing of the
signals, allows a number of platforms to transmit on
the same frequency with small probability of mutual
interference. Several frequency channels of reception
allow a suitable number of platforms to be included in
the total system. This technique has been called the
random doppler system.
A major field test of this system will be carried out as
a U.S.A. experiment in 1974 in conjunction with the
launch of the Nimbus F satellite. About 300 balloons
equipped with pressure and temperature sensors and
radio altimeters will be launched in the tropics to study
the tropical wind system, and then are expected to drift
into the Southern Hemisphere where they will have a
long life, similar to the Eole ballons.
Parallel and coordinated development is underway
in France towards an advanced system of this kind;
arrangements are being made for a cooperative FrenchU.S.A. project to incorporate such a platform location
and data relay system on U.S.A. operational polarorbiting satellites planned for the late 1970s.
It is expected that positional accuracy will be about
5 kilometers.

6.6.4

Platform Safety

The design of the balloon and its payload for minimum
aircraft hazard has always been a sine qua non of the
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feasibility of using this technique. Therefore, considerable work has been done in the United States and France
in this regard, and detailed engineering reports on the
many tests have been submitted to ICAO. Since there
are no established criteria for "safe" balloons and
payloads, the effort in France and the U.S.A. has been
to determine by direct impact tests design criteria for
payload mass and spatial distribution that would produce
impact bending moments on wings or damage to windshields and to jet engines well within the range of damage
that is encountered in routine operations from normal
hazards in nature, such as collision with birds. Moreover,
a direct impact test in the United States of an aircraft
wing with a mylar superpressure balloon confirmed the
prediction that the mylar, being brittle at the ambient
air temperatures encountered at flight level, would shatter
harmlessly.

6.6.5

Expected Pelformance of the Constant-Lel'el
Balloon System

Parameters measured

Temperature
Height
Pressure
Wind

I

Accuracies
O.ScC
less than ±20 meters design goal
0.5 mb design goal
1-2 mlsec

Vertical Resolution: One flight level, between 200 and
150 mb, depending on further tests.
Horizontal Resolution: About 500 km.
Representatil'eness: The winds will be derived from
sequential positions about 110 minutes apart, during
which time the balloons will move on the average of
100 km. The temperature, height and pressure will be
essentially spot measurements.
Frequency of Obserl'ation: It is expected that 70% of
all 500 km GARP grid elements will be sampled once
per day on the average.
6.7

Buoys

There are many development efforts underway in
nations with oceanographic programmes. These kinds
of buoys tend to be large and well instrumented with a
variety of oceanographic and air-sea interaction type
of sensors. These buoys also tend to be expensive. There
are also some development efforts of small buoys, with
simple instrumentation, suitable for use in remote
oceanic regions, in association with a satellite-based
data relay and location system for the Global Experiment.
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6.7.1

Buoy Hulls

For use in remote oceanic regions, as recommended
for the Global Experiment, it seems clear that a buoy
of very simple design, with a minimum number of
'sensors, and deployable readily from ships not specially
equipped, would facilitate the largest use of such buoys
by the participating countries. Both moored and drifting
modes of using buoys have their advantages and disadvantages and both kinds of buoys could be used
effectively. However, it would seem that the drifting
buoy might perhaps be the most widely used, since
minimum time would be needed for its deployment
from ships en route for other purposes. Drifting buoys
fitted with suitable drogues, or designed to follow the
motion of the near surface layers without much effect
from wind, would not drift very far in the course of
the Experiment. It is estimated that the mean largescale motion fields have amplitudes of the order of
kilometers a day and therefore in one year the buoys
will not drift, in the mean, much beyond one GARP
grid element of 500 x 500 km. Such drifting buoys,
moreover, would give valuable information on these
large-scale motion fields of the ocean upper layer.
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Figure 6.6 illustrates six designs of buoy hulls under
development, test and evaluation; further details on
these designs may generally be found in the papers
referenced in the figure legend. There are other known
buoy developments aimed at small, easily deployed hulls.
The designs shown here are intended as examples of a
broad spectrum of development activity. Some of these
designs and others not shown will be tested in the period
1974-1975 in connexion with a satellite location system,
as discussed below.

6.7.2

Sensors

The two variables required for the Global Experiment
are the sea surface temperature and surface pressure of
the oceans. The measurement of water temperature is
straightforward, and sensors can also be placed along
the drogue line, or suspended from the buoy if no drogue
is used, to obtain the temperature structure of the upper
layer. Development of air pressure sensors also appears
straightforward; there are some sensors that have been
in remote automatic stations that give reliable measurements to accuracies much higher than specified for the
Global Experiment (e.g., 3 mb).
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Some types of drifting buoys under development, test and evaluation: (a) rigid spar tracked by IRLS and Eole (Crumpler,
1971) (Hansen, 1972); (b) spar with deep canopy drogue tracked by Eole (Dickson and Baxter, 1972); (c) tuned sphere with
screen drogue (Gerard, 1972); (d) sea-following spar (Richardson, 1972); (e) discus with cross drogue tracked by Eole (McFall,
1972); (f) discus with canopy drogue tracked by Eole (Morel, 1970). (From Masterson, 1972.)
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In addition to the variables mentioned above, there
have been successful sensor systems developed for air
temperature and wind speed and direction on larger
buoy systems. There is now work on such sensor systems
for small buoys in connexion with some of the experiments
planned for 1974-1975. If successful, such sensors might
be used in connexion with special studies related to the
Global Experiment, but it must be emphasized that a
buoy that only measures sea sUlface temperature and
sUlface pressure will meet the requirements.
6.7.3

Deployment Considerations

If small, easy-to-handle buoys are used, they can be
deployed from ships not specially designed for buoy work.
Through ICSU's Scientific Committee on Antarctic
Research (SCAR), the nations that maintain scientific
research stations in the Antarctic were queried as to
whether their supply ships could undertake occasional
special missions during their journeys. All countries
replied positively and a map of the tracks of such supply
vessels that could possibly be used to deploy simple
buoys in the zone 50°-65°S is shown in Figure 6.7. There
are also some research ships that operate in the Antarctic
that could also be used. The main restriction of most
of the supply ships is that they operate in this region
only during a few months of each year, approximately
from November through February or March. Some
research vessels, however, operate for much longer
periods in these regions.
6.7.4

Test of Buoys -

Pilot Programmes

The U.S.A. Nimbus F satellite will carry a random
access location and data relay system as mentioned above.
It will have surplus capability over that needed by the
constant-level balloons, the primary experiment using
this location system. There are plans developing for a
considerable number of buoy programmes using this
excess capability; such programmes will not only be
of scientific value, but they will also provide full tests
of several buoy designs in various oceanic regions, and
as well valuable information on the kind of sampling
needed to design a buoy network to meet the Global
Experiment requirements and for establishment of longer
range ocean monitoring programmes for the future.
Some of the areas being considered for these tests include
the Antarctic Circumpolar Current (just where buoys
are needed for the Global Experiment), the GATE area
in the Atlantic, the Northwest Pacific and possibly some
other regions.
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Maps of tracks of supply ships for Antarctic scientific research stations. Such ships are available for some additional scientific
work during their journeys, as communicated by the responsible authorities to ICSU's Scientific Committee on Antarctic
Research (SCAR), and could possibly be used to deploy buoys for the Global Experiment. In addition to these tracks there
will be research expeditions in the Antarctic that will provide deployment opportunities.

7. THE RECOMMENDED OBSERVING SYSTEM FOR THE EXPERIMENT

7. I

Basic Considerations

In designing the observing system, three factors must
be considered in assessing the adequacy of existing capability and in making recommendations for supplementary
capability to ascertain the success of the Experiment:
(i) The formal data requirements
(ii) The characteristics of the available observing subsystems
(iii) The results of numerical experiments simulating the
proposed observing system.

It has previously been emphasized (section 4.2) that
all dependent variables formally necessary to specify the
large scale state of the atmosphere, do not contain fully
independent information. The vertical velocity is an
extreme example of this feature; it can be derived from
the horizontal velocity for large scale, quasi-hydrostatic
motions and therefore need not be observed. This obvious
coupling has been taken into account in the formulation
of the data requirements. There is also a coupling
between the mass field and the velocity field of a much less
obvious nature, however, and it is important that the
Global Experiment be designed to determine experimentally the amount of coupling and identify the most
significant quantities with respect to this dynamic redundancy. One would therefore want to obtain a data set as
complete as possible during the Experiment.

On the other hand, there are obvious practical limits
to the amount of overlapping measurements which could
reasonably be contemplated, especially when these
measurements would require setting up special observing
sub-systems not likely to be included in the WWW. Thus,
a programme of numerical experimentation was established to provide guidelines on priorities for resource allocation, through simulating various minimal observing
systems and studying the resultant initial state errors.

7.2

Numerical Experiments related to the Design
Optimum Observing System

of an

The numerical experimentation programme on Observing Systems Simulation was defined concurrently with that
of experiments on the determination of data requirements.

A general outline of the problem is given in GARP
Publications Series Nos. 6 and 7. The main idea of the
observing system simulations experiments is as follows:
A state of the atmosphere is generated with a rather
sophisticated general circulation model for a resaonably
long period of time, during which all variables are
defined in space and time and stored in a file. This set
of data is considered as the "reference atmospheric
state". The property of the observing system under
consideration is simulated with the same model.
The numerical integration of the model starts from an
arbitrary initial state. Representative observational
errors are added to the variables extracted from the
"reference state" and inserted into the model in a similar
way as if they are obtained from the observing system.
As integration proceeds, the difference between the
simulated and reference atmospheric states asymptotically
converges to a limit the evaluation of which permits the
assessment of how well the particular observing configuration meets the specified data requirements, at least for
that particular model. The experiments are usually
referred to as those with the "perfect" prediction model.
The observing systems simulation experiments provide
good guidance in the assessment of the relative importance
of various observing systems. HOll'ever, the results of the
experiments are model dependent and therefore should be
interpreted with care. It is a/so most important to note
that the experiments using simulated data"generated by the
same prediction model give more optimistic results than
those' with real dala. This is because the effects arising
from imperfection of the model are excluded in such a consideration. The impact of these effects has been studied
by different research groups. It has been found, for
example, that the rms difference between the wind field
obtained from the same prediction model and that determined from the real atmosphere (or even another prediction model) ranges between 2-5 m sec-I. This implies that
the effect of the model shortcomings must be borne in
mind when interpreting the results of the observing systems
simulation experiments.
During the past three years, numerical experiments
have been carried out using global general circulation
models to evaluate the need for special observing subsystems together with the WWW surface-based network
and space-based platforms proposed for the Global
Experiment. Considering that adequate coverage in the
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middle and high latitudes of the Northern Hemisphere
will be available, the numerical experimentation effort has
been concentrated on defining the critical points in
designing the observing system for the tropics and the
Southern Hemisphere.

6

-,

7.2. I Definition of the Wind Field in the Tropics
It is well known that it is possible to derive the wind
field from the mass field with good accuracy in the
middle and high latitudes. The dynamic coupling fails,
however, at low latitudes and consequently we are concerned with the following questions:

(i) Within what latitude zone and with what vertical
resolution is it necessary to make direct wind measurements?
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(ii) What combination of observing techniques produces
a satisfactory composite wind field with acceptable
error distribution?
In order to answer these questions, a series of numerical
experiments has been performed by several research
groups. * The experiments were conducted with "perfect"
prediction models. In the design of the experiments, a
concept of the "Basic Observing System" has been
accepted as consisting of all the observational components that will definitely be available in the tropics during
the Global Experiment:
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Figure 7. I The latitudinal variation of the vertically averaged
rms vector wind error for three different compositions
of the integrated observing system
_._._.

-

-

-

-

satellite temperature profiles with random error ± 1°C
and wind fields with random error ±2 m/sec- l in the
lower and upper troposphere
basic observing system
basic observing system plus wind profiles from carrier
balloons in the equatorial belt lOoN_lOoS

Representative results of the experiments are shown
in Fig. 7. I. In spite of the slight differences in conditions,
independent experiments led to some general conclusions
regarding the observational capability of the "Basic
Observing System" in the tropics:

(ii) Two polar orbiting satellites rotating in perpendicular
planes with 2-hour orbits at an altitude of 1500 km,
and useful measurements at ±40° from nadir
- sea-surface temperature without error
- temperature profiles: 1°C rms error

(a) the zonally averaged vector wind error increases

(iii) Geostationary satellites providing complete coverage
of the zone from 40 0 N to 40 0 S
- wind field at one level (about 800 mb) in the
whole zone with 3 m sec- l rms error
-- wind field at one upper level (about 200 mb)
over 25% of the zone with 3 m sec- l rms error
- four wind observations per day.

(b) the availability of the surface-based WWW network
reduces the wind error significantly, but not quite
sufficiently. The result of an experiment performed
at GFDL in 1971, in which the surface-based WWW
network was excluded, is shown by the dash-dot
curve.

*

Observing Simulation Experiments have been carried out by the
Geophysical Fluid Dynamics Laboratory (G FDL), the Goddard
Institute for Space Studies (GISS) and the National Center for
Atmospheric Research (NCAR).

towards the equator from both hemispheres and
exceeds the acceptable accuracy limit in the whole of
the tropics. At the equator the error reaches the
maximum value of 4.5 m sec- l (solid line)

(c)

The reduction of wind error down to the required level
of 2 m sec- l could not be achieved despite the
addition of wind data at two levels from geostationary satellites. The wind information at two
levels does not spread very much in the vertical.
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(d) If winds from geostationary satellites are determined
with a random error of 1.5 m sec- i instead of 3 m
sec- i , the resulting error in the simulation experiment
drops by 0.5 m sec-i.

In order to fill the data deficiency in the tropics, numerical experiments have been carried out in which the
Basic Observing System was augmented with a carrier
balloon dropsonde system. They provided complete
wind profiles with 2 m sec- i rms error and spacing of
1000 km in the equatorial zone lOON-lOoS once per day.
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The augmented observing system reduced the wind
error by about 1 m sec- i in the tropical belt. This enables
a fairly homogeneous wind error distribution of 2-3 m
sec-lover the major portion of the globe (dashed curve
in Fig. 7.1).
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These and experiments petformed earlier have clearl)'
demonstrated that direct wind observation plays a primary
role in the definition of the state of the tropical atmosphere.
7,2.2

o

The Need for Additional Observations in the
Southern Hemisphere

In the Northern Hemisphere the surface based stations
together with the satellite sub-systems will provide adequate coverage to map the required dependent meteorological variables with sufficient accuracy. These same
conditions will, hOll'ever, not prevail in the Southem
Hemisphere unless special efforts are made. Owing to the
large ratio of water to land areas in the Southern Hemisphere, it can be realized that no expansion of the WWW
surface-based network can be visualized that would give
comparable overlap between these observations and the
satellite temperature observations.
The determination of the state of the atmosphere is
heavily dependent upon satellite temperature measurements and wind observation from geostationary satellites
in the mid-latitudes of the Southern Hemisphere. The
reconstruction of temperature profiles and sea-surface
temperature will suffer considerably from persistent
cloudiness in the latitudinal belt of 50oS-65°S.
However, there are some important points relevant
to the Southern Hemisphere which have been observed
in connexion with the Basic Observing System simulation
experiments discussed in para. 7.2,1 :
(a) It has been clearly demonstra~ed that for the Southern
Hemisphere summer the asymptotic vector wind
error is about 3 m sec- i in the Northern Hemisphere
and about 4-5 m sec- i in the Southern Hemisphere.
The larger magnitude of error in the Southern
Hemisphere seems to be due to the sparseness of the
surface-based WWW network.
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This error may be even larger for the Southern
Hemisphere winter, when natural variances increase.
(b) Because of persistent cloud contamination, the
vector wind error increases considerably in the
latitudinal belt 50 oS-65°S. As Fig. 7.2 shows, the
maximum value is about 10 m sec- i at the latitude
60 o S.

Thus, without special efforts to remedy this observation
deficiency, it will not be possible to study adequately the
relationship between the mass and wind fields in the
Southern Hemisphere.
Mainly for this reason, and also to provide some
reference pressure information to be used in connexion
with the mass field as determined through the satellitederived temperature observations, a special effort is
recommended in the Southern Hemisphere to obtain
information on winds, temperature and pressure/height
at at least one level in the upper troposphere; while it is
true that several levels would be preferable and would
come closer to being commensurate with the observational capability available in the orthern Hemisphere,
it is considered that adequate ittjormation at one appropriate level \I'ill be ,,'ell "'orth the effort in redressing the
imbalance between the observations in the t,,'o hemispheres.
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horizontal and vertical resolution in the tropics
and particularly near the equator.

Principles for the Design of the Observing System

In designing the observing system for the Global Experiment which satisfies the data requirements, there are
several principles or criteria which need to be taken into
account. Before enumerating these it may be useful to
make some general comments.
It should first be stated that as far as numerical models
are concerned it does not matter whether the measurements are obtained by radiosondes, satellites or any other
observational method. The models require as input data
the value of measurement, the location and time and an
estimate of the accuracy. The last item is important since
the measurement of the accuracy is needed for merging the
various measurements into one consistent analysis.

Furthermore, the newly developed space observing
techniques on which the Global Experiment must largely
be based cannot provide complete and homogenous
determination of the meteorological fields. For example,
sensors on low-altitude orbiting satellites may provide an
almost complete measurement of the temperature field
but cannot measure the atmospheric pressure nor the
wind velocity; constant-level ballons provide measurements of all dynamic parameters but only at one level of
the atmosphere. This implies that observations may be
abundant for one or two parameters, but lacking for
others. We may summarize thus:

1. The WWW surface and upper-air network, as it is
expected to become implemented at the time of the
Global Experiment, is considered to be the basis for
the observing system.
2. Next, we are concerned with possible ways of enlarging
the WWW network capability either within the WWW
programme, or
3. Specifically designed sub-systems proposed for the
Global Experiment.
(i) In doing so individual components of the observing system have been designed to supplement
each other and to provide a composite system
which is adequate for the determination of all
required quantities.
(ii) Consideration has been given to those regions of
the globe where the proposed observing system
provides marginal space distribution of specified
parameters. Numerical experiments have been
performed to investigate the trade-off between
spatial and temporal data distribution in such
areas.
(iii) In consideration of the need for a definition of
the wind field in the tropics, every effort should be
made to provide wind observations with adequate

(iv) Special efforts are needed in the Southern Hemisphere in addition to the surface-based WWW
network and satellite temperature profile observation.
Finally, it should be pointed out that there is reason
to believe that the present models are in a sufficient state
of development to provide useful guidelines for the
study of the observing system to meet the minimum
requirements. That is, continued experimentation with
more advanced models expected to be available in the
next few years will most probably not result in radical
changes of these basic principles for the design of the
proposed observing system. Nevertheless, it seems clear
that additional experiments are desirable for configuration
of observing resources that will be available.

7.4

The Recommended Composite Observing System

7.4. 1 Elements of proposed system
The elements of the proposed composite
system envisaged are basically of two kinds:
I.

ob~erving

Observing sub-systems that will be operational or
close to operational at the time of the Global Experiment.
(i) Upper-Air Stations. The upper-air networks, as

being planned to be implemented according
to the WWW plan 1972-1975, will meet a large
percentage of the wind, temperature and
humidity requirements in the Northern Hemisphere, but only a small percentage in the
tropics and particularly in the Southern Hemisphere (see Fig. 6.1).
(ii) Commercial Ships. Observations of surface
pressure collected by radIO from commercial
ships will serve to define the surface pressure
reference for the oceanic areas of the Northern
Hemisphere, but will provide only a very small
part of the required data in the Southern
Hemisphere (see Fig. 6.2).
(iii) Commercial Aircraft. Wind observations at
flight level collected by radio from commercial
aircraft provide a useful supplementary source
of observations for the oceanic regions of the
Northern Hemisphere, and assist to some
extent in filling in the data voids for some regions
of the tropics and Southern Hemisphere (see
Fig. 6.2).
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(iv) Polar Orbiting Satellites. Two polar orbiting
satellites will be adequate for the temperature
and humidity information needed at all latitudes
and will provide a sufficient amount of overlap
to assure the availability of complete global
fields of these parameters, except for interference from persistent cloudiness particularly
in the Southern Hemisphere from 50 0S to
65°S, or over the polar caps.
(v) Geostationary Satellites. This sub-system, consisting of five geostationary satellites, will
provide wind coverage in tropical and subtropical areas at one to two levels in the
troposphere from sequential cloud images. The
satellites will also provide important data relay
capability.
II.

Special sub-systems to fill critical gaps in the operational observing system.
(i) Experimental Satellites. The satellites mentioned
above do not provide all the data listed in
Chapter 5, in particular information on soil
moisture and zones of precipitation. There are
possibilities that these needs can be met by
experimental observing systems carried on
non-operational research satellites.
(ii) Means for Obtaining Wind Profiles in the
Equatorial Tropics. Vertical wind profiles of
about 250 evenly distributed points over
oceanic areas once per day will be needed in the
equatorial belt lOON-lOoS. This information
will reduce the errors over the region to an
acceptable level. To achieve this, a mixed wind
observing system is recommended in the equatorial belt, consisting of a combination of dedicated ships or suitably located island stations
performing two wind soundings per day and
a carrier balloon system such as to obtain the
specified wind observation density, i.e. 70 ship
and island stations or 160 carrier-balloons
or any appropriate combination thereof. This is
required for each Special Observing Period.
(iii) Constant-Level Balloons. A system of at least
300 simultaneously operating constant-level
balloons is recommended for each Special
Observing Period. Launching should be made
from appropriate sites so that they are randomly
distributed. They would provide the required
wind, temperature and pressure (at known
height) measurements at one level in the upper
troposphere for the region 20°-900S.
(iv) Buoys. A network of about 150 buoys in the
southern ocean regions will be needed to pro-
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vide data in areas where persistent cloudiness
will prevent satellite determinations of surface
temperature and temperature profiles. The
buoys will also provide useful information
on the temperature structure of the upper
oceanic layer and its variability.
(v) Automatic Land or Ice Stations. About 30
automatic stations for surface observations are
needed in the polar regions. These stations
would provide reference pressure and surface
temperature observations in regions where
persistent cloudiness and deep temperature
inversions occur.

The systems under I above will operate throughout
the entire Experiment. The special sub-systems under II
need to be implemented on a temporaty basis to provide
the required density of observations during the two
Special Observing Periods of one month each, or longer
as practicable.

7.4.2 The Observing Capability of the Recommended
Observing System
The coverage that might realistically be obtained from
the recommanded observing systems is summarized below
and estimates made of the extent to which the data requirements can be met. As an example, a detailed presentation of the evaluation of the observing capability of the
various sub-systems is given in Appendix VII.
The existing and planned WWW network is considered
as the basis for the observing system. It is understood that
the surface and upper-air network of stations meet most
of the specified GARP requirements and in some cases
even surpasses them. The exception is with regard to the
horizontal resolution in certain areas of the globe, particularly over oceans. Fig. 6.1 shows the areas over which
the existing and planned WWW surface and upper-air
stations may meet the requirements of GARP. (However, at present 50-75% of WWW upper-air observations
lack the high stratosphere levels but this may be tolerable
since at these levels the satellite derived temperature
fields will be complete).
The observations provided by space-based sub-systems
recommended within the WWW programme, as well as
observing sub-systems specially recommended for the
Experiment, may be considered as superimposed on the
WWW surface and upper-air network.
In assessing the performance of the recommended
observing system, and in accord with the principles outlined in 7.3 above, the globe is divided into three regions:
the Northern Hemisphere (20 0N-900N), the tropics
(20 0N-200S), and the Southern Hemisphere (20 0S-900S).
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areas. It is assumed here that dropsondes
would be launched by command over data
sparse areas only;

Appendix VII (see Figures

(i) Northern Hemisphere (20 0N-900N*. The WWW
surface and upper-air network provides a substantial
amount of data in the Northern Hemisphere. GARP
requirements may be met by this network over about
75% of the whole region. Surface observations
from merchant ships are an important addition to
the observing system over data void areas. In
combination with temperature profile data from polar
orbiting satellites, winds can be derived dynamically
over data sparse areas. On an average it provides
wind data over 80% of data void areas.

The gap for wind and temperature may occur over
approximately 5% of the hemisphere. On the other
hand, certain redundancy occurs over dense areas
for temperature obtained from orbiting satellites.
The redundancy (data overlapping) is defined here
on the assumption that observation of the same
parameter supplied by independent observing subsystems is randomly distributed, and accordingly
the overlapping results from the normal distribution
law.
The observations from other sub-systems such as
geostationary satellites and commercial aircraft
are also important in the Northern Hemisphere.
Wind observations from geostationary satellites
in the lower and upper troposphere relate to the
200N-500N belt, i.e., the zone where they can be
determined with adequate confidence.
(ii) Tropical Zone (20° N-20° S). As indicated above,
this is the zone where direct wind observation is
of great importance for defining the dynamics of the
tropical atmosphere. The area that should be
covered by the existing and planned WWW surface
and upper-air network is considerably less than in
the Northern Hemisphere. It appears that GARP
requirements might be met over about 20% of the
region if observations are available from all feaSible
stations.
The IR-sounding technique from orbiting satellites
will make it possible to obtain temperature profiles
over 95% of the region (with the exception of nearsurface observations). Therefore, other temperature
observations are actually redundant in both dense
and void areas.
For wind, it is apparent, that besides the WWW
surface and upper-air network, there is a strong
need for additional sub-systems, i.e. :
Ca) carrier-balloon and Omega dropsonde subsystem that might cover 65% of the data sparse

(b)

five suitably spaced geostationary satellites that
would provide low level wind data over 90%
of the region, and upper and middle troposphere
data over 45% of the region.

Thus, it appears that if all the proposed observing
sub-systems are in operation in the tropical zone
wind observation might be lacking over 25% of the
region at most levels (layers) of the atmosphere.
(iii) Southern Hemisphere (20°S-90° S). The coverage
of the WWW network is substantially less over the
Southern Hemisphere: about 13% of the region.
There are a few observing sub-systems that may help
considerably to remedy the situation. The following
three are of primary importance:
(a)

IR-temperature sounding from polar-orbiting satellites that could provide temperature data at 7 levels
(layers) except near the surface, over 80% of the
region;

(b)

constant-level ballons; adequate coverage could
provide temperature, wind, altitude and pressure
measurements at the 200-mb level for the whole
Southern Hemisphere;

(c)

wind observations at two levels in the troposphere
from the geostationary satellite sub-system.

The buoy sub-system proposed in the zonal band
50 0S-65°S is also needed for the restoration of the satellite
temperature profiles in the persistently cloudy area from
the cloud tops down to the sea-surface and for the measurements of sea-surface temperature. It is also needed
partly for augmentation of the reference-level observations (pressure) if a lack of these data occurs. The buoys
may cover about 20% of data void areas for surface
observation (calculated on the basis of the entire oceanic
area).
Taking into account the capacity of all sub-systems
envisaged for the Southern Hemisphere, it appears that
data void for wind and temperature might exist over about
15% of the hemisphere.

7.4.3 Concluding Remarks
Referring to the estimates of the capability of the
Global Observing System and the results of the Observing
Systems Simulation experiments, it may be concluded
that:
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(i) the proposed observing system generally meets the
GARP requirements;

(iv) constant-level balloons and a buoy system are needed
for adequate atmospheric state determination in
the Southern Hemisphere.

(ii) there are some areas, particularly in the tropics and
Southern Hemisphere, where the spatial distribution
of the required observation is marginal;

It is necessary to point out that the remaining gaps over
some areas of the globe seem to be less serious. Because
of the possible trade-off between spatial and temporal
density, it is li kely that the smaller spatial gaps could
be substantially remedied by increasing the frequency
of observations in the neighbouring areas.

(iii) means for obtaining wind profiles are of primary
importance in the equatorial tropics (looN-lOOS);

8. DATA PROCESSING SYSTEM FOR THE EXPERIMENT

8 . 1 Introduction
The observing sub-systems recommended for the
Experiment are capable of producing a vast amount of
diverse data. Notwithstanding the fundamental differences of the observing techniques, the data collection
and the processing systems of the individual sub-systems,
the whole data flow has to be considered within a unified
framework since the output of the Experiment should
result in a complete and internally consistent data set
of initial state parameters. Hence a data processing
plan must be an integral part of the Global Experiment.
The concept of a possible data system proposed by
lOC * is based on the recognition that the expected data
flow for the global numerical experimentation programme
will be similar to that needed for operational use and
the data flow should be treated as if it is operational, i.e.,
the data should be collected, processed and distributed
in near-real time.
The WWW as it is planned for the time of the Global
Experiment, will provide a sound basis for designing a
near-real time data system; the GTS will make possible
rapid distribution and exchange of data and the three
WMCs will be producing global (or at least hemispheric)
analyses using advanced methods of data assimilation.
In addition, the data exchange system may provide in
operational time nearly all the data that is needed; a
special effort that is realistic to expect may suffice to
complete the data sets either within the operational
schedules in effect at that time, or within a practical delay
time for re-analysis. Such an effort for a near-real time
operation of all the observational components will be
a realistic test of the feasibility of future operational
systems. In thIS way the results of the Global Experiment
will have a timely influence on the further evolution of
the WWW.
8.2

Definitions of Data Levels

In the planning of the data processing system it has
been found convenient to introduce the following classification of the levels in the data flow (cf. Figure 8. I):
Level I:

*

Raw data. These in general are instrument
readings or sensor signals that require conversion to the meteorological parameters spe-

Based on the findings of a lOC Study Group on Data Systems
that met in Norfolk, Virginia, U.S.A., 1971.

cified in the data requirements. Examples
are: telemetry signals from satellite sensors
that give such information as radiances, or
positions of constant-level balloons, etc.
Level Il:

Meteorological Parameters obtained directly
from many kinds of simple instruments, or
derived from the Level I data (e.g., average
winds from subsequent positions of constantlevel balloons). ncJ<.ing into account the
processing cycle at the World Meteorological
Centres, these may be divided into two categories:
Data set Il a: World Weather Watch Operational Data collected through the GTS
within the operational cut-off.
Data set Il b: Global Experiment Research
Data Set which is distinguished from Il a
by a delayed cut-off in order to acquire a
complete global data set.

Level Ill: Initial State Parameters. Internally consistent
data sets, in grid point form obtained from
Level Il data by applying four-dimensional
assimilation techniques.
Data set III a: World Weather Watch Operational Analyses obtained from Level Il a
data.
Data set III b: Global Experiment Analyses
obtained from Level Il b data and produced
by the WMCS with a delayed cut-off of
some 24 hours.
8.3

General Outline of the Recommended Data Plan

In designing the data processing plan for the Experiment it is recognized that the WWW components will
play a most important role. However, some additional
efforts will be required. The extent of these special
efforts cannot be judged at this time with certainty, but
will become more easy to define in a few years after
many advanced satellite systems have functioned operationally and the WWW elements are closer to the design
goals outlined in the 1972-1975 plan. It seems clear
at this time, however, that the harder we strive for a
near-real time operation of all elements of the special
systems needed for the Experiment, the less will be the
special efforts required.
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RAW DATA
LEVEL I

readings, telemetry
signals, etc.

conversion to
meteorological
parameters
, GTS

METEOROLOGICAL PARAMETERS
LEVEL II
\/, T, p, q, sounding-radiances, etc.

a)

"
data for operational use
< 10 h cut-off

~-----.~ archive

b)
global data set
for resea rch
~ 24 h cut-off

,
routine 4 dimensional
assimilation

delayed 4 dimensional
assimilation

"

LEVEL III

INITIAL STATE
PARAMETERS in
gridpoints for
routine use
World Weather Watch

INITIAL STATE
PARAMETERS in ~_ _.... archive
gridpoints for
research
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Figure 8. 1 Classification of the main levels in the data processing system.
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The general flow of data is shown schematcially in
Figure 8.2. Each major sub-system is shown with
identification as far as is known of the active groups
responsible for the operation of the sub-system and the
initial processing of the observations. For each subsystem, the detailed data processing steps have been
analysed, in consultation with the responsible groups,
and the report on these details as far as they can be
known at this time is contained in Appendix VIII of this
publication.

In the following we shall outline some basic principles
which should be considered as guidance in the further
planning of the data system.
8.3. 1 Processing of the Raw Data
This part in the data flow represents the conversion
of the raw data into meteorological parameters with a
resolution of approximately 500 km.

OBJECTIVES AND PLANS

Archiving
The data at this level are very voluminous, but in
general are not transmitted outside of the organization
responsible for the operation of the particular subsystem. The data, however, need to be archived for
future availability for special research projects. As
examples of data amounts at this level, the high resolution
i'mages from geostationary satellites will contain about
1.3.109 bits of data, which are not practical to store now
in digital form. Film storage can preserve the spatial
resolution essentially intact but the analogue form cannot
be reconverted to digital form at the same resolution;
in addition, the intensity scale will be considerably
compressed. The high resolution sounding data from
polar orbiting satellites can produce about 2· 10 7 bits
per orbit, assuming 15 channels of observations (many
of these channels are used for cloud indication and
quality control). The Level I data from the special
observing systems will be several orders of magnitude
smaller and should pose little archival problem.

Data Processing Responsibility
Facilities for the acquisition, conversion to meteorological parameters and archiving of data from the various
observing sub-systems, for instance the geostationary
and polar orbiting satellites (and for test programmes of
the constant-level balloons and carrier balloons), are
generally at the national organizations that are responsible for the sub-systems. Therefore, it seems appropriate
to expect that the data acquisition, quality control and
transformation into meteorological parameters be the
responsibility of the respective national organizations.

Satellite Sounding Radiances
With regard to the satellite sounding radiances (i .e.,
the radiances from which the effects of cloudiness have
been removed), it should be remarked that certain users
will want to utilize them directly in the numerical models
as the methods used for determination of temperature
are not unique and in some cases inadequate to meet
the accuracy requirements. It was concluded by the
Global Experiment Planning Conference that adequate
communication capability should be provided for the
sounding radiances.

The Need for Special Data Exchange

In order to achieve optimum results in the conversion
of the raw data to the meteorological parameters, some
special exchange of data may have to take place between
groups responsible for the various sub-systems, e.g.,
between groups responsible for the vertical sounders and
the groups responsible for the derivation of winds from
cloud images. Such data exchanges are not indicated in
the flow diagram in Figure 8.2.

8.3.2

Collection of the Meteorological Parameters
(the Level II Data)

The next stage in the data flow concerns the collection
of the meteorological parameters which include all the
quantities listed in the observational requirements that
either enter the system directly from many kinds of
simple instruments, or that are derived from the Level I
data. This is schematically illustrated in Figure 8.2,
which shows how the Main Trunk Line WWW Global
Telecommunication System connects all the observing
systems for the Experiment with the World Meteorological Centres (Melbourne, Moscow and Washington)
and certain other interested centres.

Global Data Sets for Operational Use and Research
Following the data processing cycle at the WMCs and
taking into account the objectives of the Experiment, it
has been found convenient to divide the Level II data,
the Meteorological Parameters, into two classes:

(a) The World Weather Watch operational data. The
data collection time at this sub-level is restricted by
the operational cut-off cycle established at the
WMCs. It implies that any additional data received
after a fixed cut-off (say approximately 10 hours)
may not be used by the operational processing
schemes. It may concern both the conventional
observations transmitted with some delay or those
from special observing sub-systems for which the
collection and processing cycle might be longer
than the operational cut-off time. Therefore, this
global operational set of data might not be complete.
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The data system for the Global Experiment.
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(b)

The Global Experiment Research Data Set. In addition to the basic meteorological parameters specified
in the requirements (i.e., V, T, q, Ps and Ts), this
data set includes sounding radiances and some other
quantities such as cloud, snow and ice cover, zones
of precipitation and soil moisture.
Data Checking

A significant feature of the data at this level is the
preliminary control of the data set. It concerns the
checking of consistency between the parameters supplied
by various observing sub-systems having different accuracy tolerances and degree of representativeness. Efficient
data checking may be assured if the set of parameters
under consideration is somewhat over-determined. For
the conventional upper-air observations, over-determination is attained by the simultaneous availability of
information about temperature, geopotential and wind
in the vertical column throughout the atmosphere. The
problem becomes more complex for the heterogeneous
observing system composed of components each of
which supplies an incomplete set of parameters that
are randomly distributed in space and time. The quality
control procedures should be agreed upon between the
data-processing centres, i.e., the WMCs and other
interested centres, particularly the data from those
observing sub-systems that are designed specifically for
the Global Experiment.

Codes and Formats
All special sub-systems should provide Level II data
output in formats compatible with the technical requirements of the GTS. The use of WMO codes wherever
possible will greatly facilitate the handling of the data.
For example, temperature and water vapour profiles
from satellite soundings can be coded similarly to such
profiles derived from the convential upper-air network,
although for the satellite observations there might be
some additional information needed, such as quality tags.
The entire matter of codes and formats will have to be
studied as soon as decisions are made as regards the
configuration of the observing system for the Global
Experiment.

Data Amounts
For the numerical experimentation, observations are
required at least once per day (two if feasible) on a
horizontal scale of 500 km. Many of the observing
sub-systems, however, are capable of producing observations on a smaller scale. For the purposes of calculating
the amount of data to be transmitted routinely on the
GTS, we assume that these finer-scale observations can
be processed to produce data characteristic of a scale
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of 500 km, to be consistent with the Global Experiment
requirements as stated in Chapter 5. Operational systems
are generally assumed to produce two observations per
day; special observing systems implemented for the
Experiment to fill data gaps are assumed to produce one
observation a day to meet the minimum requirement.
(i) The WWW sUlface and upper-air networks. In
current operational practice, four surface and two
upper-air observations are generally made per day.
Based on the total number of stations in the WWW
plan for 1971-75, it is estimated that a total of
2 X 10 7 bits per day will be transmitted routinely
on the GTS.
(ii) Operational polar-orbiting satellite sub-systems. The
vertical sounders will produce the most voluminous
data sets from these systems. There will be two
such systems - one U.S.A., one U.S.S.R. - each
capable of giving complete global coverage twice a
day. Assuming that these observations will be
processed to provide global data sets on a scale of
500 km, twice a day, we estimate that for temperature
and humidity profiles, 6.10 6 bits per day, per system,
will be produced. The total amount of information
will thus be about 10 7 bits per day.
The corresponding amount for the sounding radiances
will be about 4.106 bits per day.
Calculations of other forms of presentations of these
data are given in Table VIII. I in Appendix VIII.

Sea-sUlface temperatures will amount to about 10 5 bits
per day per three-day average map.
(iii) Geostationary satellite sub-system. The main output
will be winds, at two levels, derived from the displacement of cloud tracers. On the scale of 500 km, each
satellite, viewing about 50° from its sub-satellite
point, can produce about 105 bits for two wind
observations per day at two levels.
The five satellites will thus produce about 5· 105 bits
per day.
(iv) Carrier-balloon or ship-station observations. These
observations will be made in the band lOON to
lOOS. If we assume a 500 km spacing, on the average
of one observation per day, and transmission of
the observations in a code similar to radiosondes
(however, the vertical resolution will be less), we
find for 200 observation points per day (approximately the number of data voids in this zone) that
about 2.10 5 bits per day will be transmitted.
(v) Constant-level balloon sub-system. We assume about
500 observations per day at 300 bits per observation,
for a total of 1.5.105 bits per day.
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(vi) Other special observing sub-systems. The amount
of data from automatic land stations, buoys, etc.,
is much smaller than the data mentioned above and
therefore is not considered here in detail, as they
should pose no problem in collection or distribution.

8.3.3.

Production of the Initial State Parameters (the
Level III Data)

Four-dimensional data assimilation to produce internally consistent global data sets of Initial State Parameters in grid point form, with the aid of advanced
models, is an essential requirement for the Global
Experiment.
In accordance with the classification of the Level 11
data, two versions of the Initial State Parameters will
be generated (cf. figure 8.1):

(a)

World Weather Watch Operational Analyses (Data
setlIla)
The preparation of the global analyses in the WMCs
based on the Level 11 a data is expected to be available approximately la hours from the time of
observation. In addition to the operational use,
these analyses will be useful for research groups for
case selections.

(b) Global Experiment Analyses (Data set III b)
A delayed cut-off of approximately 24 hours for
the delayed real time four-dimensional assimilation
of the Level 11 b data has been considered to be
a realistic estimate to ensure that practically all
the data from the various observing sub-systems are
available. However, in connexion with improvements in data transmission and processing methods,
it might be possible to reduce this time considerably.
Although it is expected that a major task will be
performed by the WMCs there will undoubtedly be
many research groups that wish to develop their
own method for deriving the initial state parameters.
Schemes must therefore be devised whereby all data
that arrive at the WMCs and that are useful in this
respect are made available in an easily accessible
form for use by those groups.
Archiving
The numerical models which will be used for the
four-dimensional assimilation will require good horizontal
and vertical resolution (say lOO km mesh width and a
vertical spacing of 50-100 mb). The data amount at
this level will be very large (about 10 8 bits per day) and
consequently it is not considered realistic to distribute
these data on the GTS. These data should, however,
be archived and be available to research institutions.

OBJECTIVES AND PLANS

8.4

Test of the Recommended Data Plan

The data plan for the Global Experiment recommended
in this section is based to a large part on existing practice
relating to operational (WWW) systems and on the
experience to date relating to experimental systems
(e.g., the experimental satellite infrared vertical sounders;
wind derivation from cloud tracking, the Eole constantlevel balloon experiment, etc.). In the period leading
to the implementation of the Global Experiment, several of
the experimental systems will have become operational,
and in fact the satellite vertical sounder is now operational
at the time of preparation of this document. Operational
geostationary satellites will be functioning starting in
1973, and the WWW components are also under a
steady programme of evolution.
Moreover, the first major GARP field experiment, the
GARP Atlantic Tropical Experiment (GATE), will take
place in the period 15 July to 15 September 1974, and
during that period there will be extensive test experiments
of constant-level balloons, carrier balloon systems and
buoys of the type recommended for the Global Experiment. Thus, this period will be a most appropriate time
to test the performance of the observing sub-systems and
the concept of the integrated data plan considered as
essential to the success of the Global Experiment.
With this broad motivation in mind the U.S.A. is
planning to conduct an extensive data collection, analysis
and utilization experiment culminating in the GATE
period in 1974. This effort is being called the Data
Systems Test (DST).

8.4. I. Basic Approach
The basic approach to be used in DST is to use current
operational satellite and conventional meteorological
data along with the data from the research and development meteorological satellites to approximate the elements of the proposed observation system and to provide
a cross-section of the expected data inputs for the Global
Experiment. These data will be collected and processed,
as required, for application in numerical models to
provide a full end-to-end system test. An important
element of the test is the provision for appropriate
feedback from these studies to the central problems of
the Global Experiment: the adequacy of the observing
system, data processing plans and numerical forecasting
models. An incidental benefit of the DST will be the
collection of global sets of meteorological data better
than any that have been obtained previously. These data
should prove extremely useful for forecasting research.
8.4.2 General Plan for the DST Observing System
The proposed time schedule for the DST provides for
data collection during a one year period - 1974 - with
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Proposed DST timetable for major DST elements.

a peak of activity coinciding with the GATE period.
Evaluation of the results is expected to be available
starting in 1975, which should be in time to influence the
final decisions taken about the implementation of the
Global Experiment.

5.

Nimbus-F; the TWERLE experiment will consist
of 300 constant-level balloons which will provide
tropical winds and also a first reference level experiment.

6.

Buoys - some 30-50 buoys are proposed for operation in the Antarctic Circumpolar Current, and
there will be drifting buoys also in the GATE area
and other oceanic regions; locations and data relay
will be via Nimbus-F.

7.

Conventional - this is the WWW surface based
network of upper-air stations and surface observatories, including automatic stations and collection
of observations from commercial ships and airplanes.

Figure 8.3 shows the time period of operation of the
various observing sub-systems:
1.

Operational ITOS - with a VTPR sounder capability.

2.

Nimbus E (launch 12/72) and Nimbus F (launch
6/74) will carry advanced sounders - ITPR, HIRS,
SCR, PMR and early microwave systems - NEMS,
SCAMS.

3.

Two geostationary satellites (SMS/GOES) in orbit
with day/night imaging and data collection capability, carrier balloon system test (6/74) - 20 stratospheric balloons each carrying 64 dropsondes.

4.

ATS-F (launch 5/74) - 3-axis stabilized geostationary satellites - capable of producing cloud
images.

8.4.3

General Plan for the Data Utilization

The data flow for DST has been set up following
the general guidelines recommended by JOC as illustrated
in Fig. 8.2 of this document. The specific plan for DST
is shown in Figure 8.4, where it is seen that the Level III
data sets will be produced by NMC Washington, which
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will then distribute the Level III data to various user
groups, as indicated. The analysis of the data is expected
to cover the following types of problems:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Comparison of temperature-derived winds with
direct observations.
Generation of temperatures, winds and pressure
from satellite radiances.
Operational tests on impact of separate observing
systems.
Generation of H + 24h sets of Initial State Parameters.
Generation of regional data sets for GATE.
Four-dimensional data assimilation techniques.
Improvement of models by selective comparison
with observations.
Forecasting studies.
Development of coupled ocean-atmosphere model,
climatological studies.
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9. TIMING CONSIDERATIONS FOR THE GLOBAL EXPERIMENT

Conference indicated their desire to support
the Experiment and statements of possible
national contributions were made.

9. 1 Background
The Planning Conference held in Geneva, 1972, recognized that the critical factor in the timing of the Global
Experiment was to ensure that the experiment took
place when there was the highest probability of the
most complete and efficient observing and data handling
system for its conduct. For this reason it was felt to
be essential to take into account when the satellite
systems, and especially the five geostationary satellites,
would meet the requirements put forward by lOCo The
importance of setting a date and thereby giving impetus
to those nations contributing to the system was also
stressed.
In view of the development of the various elements of
the Experiment and the associate activities, both ongoing
and planned, the Planning Conference decided to set
1977 as the target period for the Global Experiment.

1973

Planning and coordination mechanism. Establishment of institutional and organizational
arrangements to achieve the required extensive
planning and coordination. The arrangements
must provide a mechanism to ensure the
coherence and effective implementation of the
Experiment as well as a formal mechanism
through which the nations can take decisions
and exchange information regarding their contributions and commitments to the Experiment.

1973

Review of the Special Observing Systems.
Review of the requirements for tropical wind
profiles and reference level observations and
consideration of alternatives for the special
observing systems in the light of the resources
that may be available.

1973

Data Processing Plan. Preparation of a detailed
implementation plan for the activities at the
WMCs. Evaluation of resources (computer
and staff) required to accomplish Level III B
data. Before the Experiment a sophisticated

9 . 2 Major Milestones in the Planning
In the following are presented some of the important
milestones in the planning of the Global Experiment
(cf. Figure 9.1).
1972
Preliminary commitments. Twenty-eight of the
Member countries present at the Planning

PLANNED EXPERIMENTS

1973

The Global experiment

1974

1975

AMTEX
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Figure 9. I

Preliminary time schedule for the GARP observational experiments.
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four-dimensional data assimilation
should have been developed.

scheme

1973

Oceanographic programmes. Establishment of
arrangements for planning of the oceanographic programme, e.g., the development of
a programme of oceanographic measurements
designed to test combined ocean-atmosphere models.

1973-74

Data Systems Test. A Data Systems Test
with the neW observing systems is being
planned by the U.S.A. for 1974 in order to
detect and repair insufficiencies in the systems
planning to date. This test will provide a
wealth of additional data to those national
groups interested in gaining experience in
utilizing non-synoptic observations in numerical simulation experimentation and the development of four-dimensional assimilation schemes.

1974

GATE. The three months' period of GATE
during the summer of 1974 should be one
of exceptional effort on the part of all observing
systems participants to provide the most
complete data set possible. Such a set will
contribute to the objectives of the Data
Systems Test (see above) and at the same
time permit the study of the detailed information acquired in the GATE network in relation
to the global circulation.

1974-75

Technical Review Conference. A Conference
for an overall technical review of the programme to be held late 1974 or early 1975 to
reach agreement on the operational plan for
the Experiment.
Final commitments for experimental subsystems and regional experiments.

1974-75

AMTEX. The Air-Mass Transformation Experiment to be conducted in the westernmost
Pacific Ocean in the winters of 1974 and
1975 is of central importance for the development of parameterization procedures regarding surface-boundary layer transfer and convection in continental air masses moving out over
the ocean. It should contribute substantially
to further improvements of the numerical
models to be used during the Global Experiment.

1976

Implementation of the observing and data
processing systems. Quasi-real time meteorological data assimilation starts approximately
three months before the Experiment.
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9.3 Strategy of the Observing Periods
9.3.1 Two Special Observing Periods. The observational strategy for the Experiment is designed in such a
way that it will be possible to obtain:
(i) a continuous series of observations during at least
one year from the basic observing systems:
- The WWW surface-based observing system
- The two polar orbiting satellites
- The five geostationary satellites
(ii) two special observing periods during this year using
the special sub-systems to prc-.ide the observations
which will be needed to meet the data requirements:
- Means for obtaining wind profiles in the equatorial tropics
- Constant-level balloons in the Southern Hemisphere
- Drifting buoys in the Southern Hemisphere
- Automatic land or ice stations in the polar
regions.
The two special observing periods, which will last
approximately one month each (or longer as practicable),
are scheduled to be approximately six months apart.

9.3.2

Regional Observational Experiments to be
Conducted during the Global Experiment
Certain regional GARP experiments are being planned
or are under discussion that appear to offer considerable
advantage for conduct during the Experiment period,
especially those that will make it possible to bring into
operation additional observational resources in otherwise
data sparse areas.
The Monsoon Experiment (MONEXj. The Global
Experiment Observing System will provide data
that should make it possible to study model capability to simulate the onset of the southwest monsoon
over Asia (cf. section 2.3.4). In view of this it is
being planned that one of the Special Observing
Periods should coincide with the onset of the monsoon and that studies of some key processes in the
Indian Ocean should be included as part of the
Experiment.
A preliminary observational experiment is being
planned to be held in 1973. It is desirable that another
preliminary experiment be carried out in 1975.
The Polar Experiment (POLEXj which is concerned
with the energy transfer processes in the polar regions
(cf. section 2.3.4) will last several years and will
reach a peak activity during the Global Experiment.
In particular this experiment will make it possible to
provide considerably improved data coverage in the
polar regions during the two Special Observing
Periods.
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9 .4 Time Schedule
In view of the above, the following time schedule is
proposed for the Experiment (cf. Figure 9.2).
1977
January

July November

It is assumed that all satellites which

are included in the observing system for
the Experiment are launched not later
than 1 January 1977.

January April

The first four months of the year should
be regarded as a preparation period
after which it is expected that the satellite observing and data processing systems are operating satisfactorily. The
deployment of the drifting buoys in the
Southern Hemisphere (50 0 S - 65°S) will
be initiated during this period using
supply ships to the Antarctic and any
other ships available.

April

Build-up period for the first Special
Observing Period. Establishment of the
sub-system for obtaining vertical wind
profiles in the equatorial band (looNlOOS) using ships and/or carrier balloons.
Launching of constant-level balloons in
order to provide observations in the
upper troposphere in the Southern
Hemisphere.

MayJune
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1 ST SPECIAL OBSERVING PERIOD
All components of the GARP Global
Observing System will be in operation for
at least a month, preferably two months.
MONEX observational programme in
the Indian Ocean.
POLEX intensified observation period
in the Arctic and Antarctic.

November

Regular Observing Period
during which mainly the basic observing
systems and the buoy sub-system will be
in full operation.

Build-up period for the Second Special
Observing Period.
Re-establishment of the sub-systems for
obtaining vertical wind profiles and constant-level balloon sub-system; supplementation of the buoy sub-system as may
be possible using research ships and
continuing into January using supply
ships.

December January 1978

2ND SPECIAL OBSERVING PERIOD

The whole GARP Global Observing
System is kept again in full operation for
at least one month, preferably two
months.
POLEX intensified observations in the
polar regions.

February April

Regular Observing Period.

May - June

The Global Experiment might be prolonged in order to obtain one complete
year of data. It may also be considered
desirable to organize an additional
Special Observing Period.

APPENDIX I

THE PREDICTION PROBLEM

Since the Stockholm Conference in 1967 a number of
the early ideas regarding modelling have been strengthened, some have evolved and some have been discarded.
Much of this has come through the regular process of
research, but probably the exceptional activity and
interest generated by GARP has been and will continue
to be an important factor in this evolution In part this
has been reflected in the increased number of groups
throughout the world conducting modelling research.

1. PRESENT PROBLEMS
The objective of GARP as formulated at Stockholm,
to deepen our understanding of the physical nature of
the atmosphere so that more realistic models can be
built, has become more specific as the plans have developed. In 1967 the most obvious objective of practical
importance was to extend deterministic prediction within
the inherent limits of large-wave predictability. While
this objective still remains as a basic one, other aspects
of the predictability problem have become apparent.
For example, questions of seasonal predictability must
be pursued. We are also becoming concerned with
questions of climatic change. This touches on questions
concerning large-scale long-term effect of pollutants due
to human activity as well as to natural events - the
dispersion characteristics of the atmosphere and the
possibility of significant climatic alteration.
These questions will require a simulating capability of
a somewhat different kind from that formulated in the
original GARP objectives. That is to say, the models
for longer term changes (seasonal, climatic) will necessarily have some different characteristics than those for
shorter term deterministic prediction of circulation
changes. Some parameters may have to be specified
much more accurately and some processes described
with higher fidelity for the former than for the latter;
the relative importance of various processes is also
likely to be quite different in two classes of models. We
have only begun to build models for climatic studies.
Nevertheless, we have some notions as to what will
be required. The further specification of additional
requirements will continue to evolve as further model
research is conducted and as new and more complete
global data are becoming available from the GARP
field experiments.
Future improvements in model resolution, reduction of
numerical truncation error, and better sets of observations will permit a further penetration of the problem

area of parameterization of the physical processes. The
following areas have been identified to be of particular
importance:

1. 1 Condensation Dynamics
Large-Scale:
The question of how large-scale condensation varies
as a function of scale, altitude and perhaps other parameters, such as latitude, temperature and vertical velocity
is still not answered fully. Although the cloud phase of
large-scale condensation does not represent the storage
of a significant amount of heat, the possible significant
influence on radiation may require considerable skill
in predicting the formation and variation of non-convective clouds particularly as a function of altitude.
Convective:
There are a number of methods for parameterization of
convection currently being used by various modelling
groups. Some employ a convective adjustment technique,
or variants of it, which seems to be particularly well
suited for multi-level models. One of the main objections
is that in itself this gives no insight as to the nature of
the vertical momentum transfer which may accompany
convective overturning. The CISK (Convective Instability of the Second Kind) method which relates convection
to frictional convergence in the boundary layer is a
particularly simple and us~ful means for parameterizing
large-scale effects of convection in models with low
vertical resolution and not possessing an explicit boundary layer. This parameterization requires a fairly large
number of empirical specifications in order to define the
interactions, and this reflects its special appropriateness
for models with a relatively small number of internal
degrees of freedom. Amongst other questions which are
to be answered by future parameterization are: is there
significant vertical diffusion of heat, water vapour and
momentum under statically stable (in the moist sense)
conditions? It is not clear what direction will be taken
in future modelling; there is no consensus at present
as to the most useful parameterization. In large part
the problem lies in the fact that it is exceedingly difficult
to directly verify various alternatives from the observations which are available.
1 .2

Radiation

The magnitude of large-scale atmospheric response to
meso-scale variations of cloud is still not known. Should
this turn out to be significant, entirely new demands
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will be put upon radiation specialists to devise a radiative
transfer parameterization valid for an arbitrary distribution of clouds. On the other hand the effects of synoptic
scale variations of water vapour on radiative transfer
seem to be reasonably well treated. AlthQugh simplified
algorithms have been devised for calculating radiative
transfer, they are empirically tied to present terrestrial
climate and thus would preclude generalization adequate
to deal with problems of climatic change.
The influence of photochemical effect ozone has not
been sufficiently investigated in the past few years because
of other more urgent problems. Again, however, it is
likely that if questions of climatic change are involved,
at least some account will have to be taken of photochemical reaction. Particularly the dynamical interactions in
the presence of larger than normal amount of water
vapour in the stratosphere seem to be of importance.
The problem of the particulates, especially those which
are present just below the tropopause, has not received
the attention that it deserves. The radiative effects of
particulates are now ignored in radiative parameterizations for numerical models. Unfortunately, the chemical,
optical and radiative properties of these particulates
need to be determined before even provisional parameterizations can be devised.
I .3

Boundary Layer

Turbulent surface layers. In the past, diurnal variability of solar radiation has been ignored relative to the
time scales of interest. However, this may not be possible in the future models since the influence of diurnal
variability on convection is highly non-linear because
of the threshold characteristics of convection. This
means that simple neutral-stability surface boundarylayer formulations will have to be replaced by somewhat
more complex stratification dependent parameters. Fortunately, there has been sufficient work done in the field
of surface-boundary-Iayer turbulence exchanges to provide a reliable body of knowledge to be used and we
may confidently expect this problem to be treated
adequately.
Ekman layer. There has been considerable controversy
as to how the Ekman layer or the planetary boundary
layer should be parameterized. Some models have
coordinated levels within the Ekman layer and require
the specification of an exchange coefficient in order
to determine the vertical turbulent flux divergence as
a function of the large-scale predictive parameters .. In
contrast, many boundary layer specialists feel that one
should extend the conventional surface-boundary layer
similarity empiricism (the similarity between randomly
moving molecules in laminar flow and eddies in turbulent
flow) to the entire planetary boundary layer. This
would tend to preclude an accounting for large-scale
non-steadiness and horizontal inhomogeneity. It may
very well be that future models will embody some combination of both these methods, e.g., similarity theory
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may be useful to determine the flux divergence profiles
which could then be used in an explicit calculation with
the general system of equations at sufficient levels within
the lowest kilometre.
I .4

Small Scale Orographic Effects

Although the non-linear effects of small scale orographic effects have been recognized as being of importance,
very little has been done to devise suitable methods to
take these into account. We need to know how to
parameterize the effective frictional influence on small
scale orography on the large-scale motion especially in
the presence of condensation. It is important to determine
how these small scale effects depend on properties of the
roughness elements and the stability parameters of the
flow (scale, amplitude and the static stability).
I . 5 Internal Turbulence
The importance of internal turbulence is still a matter
of some controversy. Observational studies which have
shown that the dissipation of kinetic energy occurring
in the vicinity of the tropopause is comparable to that
in the boundary layer, are not always considered to be
definitive since they were made over large continental
masses. Certainly, one cannot ignore clear air turbulence
as a phenomenological manifestation. Also, at least
part of this discrepancy in predicting the jet stream
intensity must reflect this. One of the important difficulties may be the high intermittance of clear air turbulence in contrast to the situation in the boundary layer.
Some parameterizations have assumed that the internal
dissipation mainly takes place in connexion with horizontal large-scale gradients. Other opinions have been
expressed that, if anything, the large-scale dissipation
Clnd the attendant diffusion must be in. connexion with
vertical stresses. Some insights are being gained from
theoretical studies on the breaking of internal gravity
waves. It is, however, far from a settled question. Perhaps
the answer lies somewhere in between, in that there
may be horizontal and vertical diffusive mechanisms
acting in concert thereby making parameterization construction correspondingly more difficult.

1.6

Vertical Gravity Wave Propagation

It has been demonstrated that a considerable amount
of horizontal momentum occasionally is transferred
from the troposphere into the stratosphere by vertically
propagating gravity waves. It is not clear whether the
energy removed from the tropopause is reabsorbed at
higher levels or radiated to space. This stratospheretroposphere coupling may be an important element in
the energy balance of the lower atmosphere and may
ultimately require a restatement of the upper boundary
condition, which up to now has been considered a matter
well in hand.
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1.7

Atmosphere-Ocean Coupling

It is already quite clear that for time scales of one or
several weeks onward the reaction of the sea to the
atmosphere and vice-versa is essential. The boundary
of the total system will have to be lowered to a sea
depth compatible with the reaction times of interest. For
problems of seasonal prediction, the lower boundary of
the system will have to be set at least down to the seasonal
thermocline. In the limit, long period climate change
questions will require the lower boundary to be set at
the sea bottom. The oceanographic modelling problem
therefore becomes less and less peripheral and very soon
the word "atmosphere" in GARP will not be adequate,
even if our primary interest remains there.
1 .8

Surface Hydrology

For somewhat similar reasons a more correct accounting of the variations of water substance on land surfaces
will become important. It will be necessary to account
for the storage of water and its variations due to precipitation, evaporation, run-off and possibly even ground
water flow. Not only is this important for the water
budget but also for the thermal conductivity consequences
of soil moisture in the upper layers of the continents.
The influence of snow cover over land and that of ice
pack over the sea are of obvious importance not only
for effects on the albedo but also for their thermal
shielding properties. Improved models for these elements
of surface hydrology pose a host of new problems that
require specific attention.
2. COMPUTATIONAL CONSIDERATIONS
The predictions produced by mathematical models
will have value only if the numerical errors arising
during the integrations are reduced to a. sufficiently
low level. Calculations performed with very high resolution could probably give results with very high accuracy
but would require a prohibitive amount of computation.
For predictions of the order of two weeks and with
second order finite difference approximations some
estimates of the minimum resolution requirements will
be given. These estimates are based on numerical experiments, but they still need to be confirmed for atmospheric
models that include the full range of dynamical and
physical processes.
It should be emphasized here that in general the resolution of the computational grid needs to be considerably
higher than the observational resolution.
2.1

Vertical Resolution

It has already become abundantly clear from numerous
comparative simulations that results so far obtained
are still highly dependent on the resolution used. For
example, models having 2, 3, 6, 9, 11 and 18 levels have
shown significantly different results dependent on where

the resolution was enhanced. Each particular physical
process has its own sensitivy to the number of degrees of
freedom allowed in the calculation. Explicit boundary
layer models have had at most three levels of resolution
in the first kilometre. The recently discovered shortwave baroclinic instability in the lower free atmosphere
will require more computation resolution. Furthermore,
there is a need for high resolution in the free troposphere
because the vertical transport of water vapour is comparable to the horizontal transport despite the ratio of
three orders of magnitude between the horizontal to
vertical velocities. The stratosphere-troposphere interactions seem to be sensitive to the amount of resolution
allowed in the vicinity of the tropopause. The instability
dynamics of the polar night jet have also been significantly altered by increased resolution. If the absorption
in critical layers of horizontal momentum propagated
vertically by gravity waves is as important in the atmosphere as theoretical studies have indicated, then resolution will have to be increased to capture adequately the
trapping modes. This could affect the accounting for
a number of phenomena: secondary very short and
very long-wave baroclinic instability, sudden atmospheric
warming and the quasi-biennial oscillation.
It would appear that as many as 30 levels might ultimately be required.
2 .2

Horizontal Resolution

The highest resolution used in hemispheric or global
calculations has been about 150 km. There is clear
evidence that for many critical purposes one has still
not entered the mathematically convergent range with
150 km resolution. In part this is due to the fact that
sub-grid scale viscous parameterizations are still relatively
near to the energy producing range corresponding to the
scale of moist baroclinic instability. It appears that the
higher the resolution the less sensitive the integration
to the precise form of the viscous parameterization and
the numerical values of their parameters.
Even for relatively short integrations, say over a few
weeks, horizontal resolution of 150 km probably has
significant limitations for drawing physical conclusions.
In order to make long-term calculations, fol' practical
reasons, even this resolution is too high. The fact that
faster computers will become available within the next
few years will greatly alleviate some of these compromises.
However, even the fastest computing machines conceivable will not be adequate to deal with problems having
to do with long-term secular change in climate where it
may be necessary to simulate evolutions over thousands
of years. There is therefore, a continuing need in the
foreseeable future for formulations of the general circulation which can by-pass the detailed evolutions by treating
them as a form of turbulence and still reliably predict the
statistics, the means, the variances and the covariances,
all of which lend themselves to physical interpretation
regarding the budgets of heat, momentum and water
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vapour as well as the energetic components. The dilemma
is that a turbulence formulation may require simplified
parameterizations and parameters based on existing
climate, which defeats the objective of studying large
variations in climate.
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in the larger scales of motion appear to double (in rootmean-square) in about three days; errors of representing
small-scale systems such as thunderstorms may double
in minutes. The growth rate of each scale of error
depends upon the entire spectrum of atmospheric motion;
establishment of a functional form for this dependence
awaits further research.
2.3 Computational Methods
Next, the growth rate depends upon amplitude. As the
Most general circulation modelling to date has stem- error becomes larger, it enters the "non-linear phase of
med from the earliest practices of explicit first order growth" and amplifies less rapidly. Ultimately its magnifinite difference methods. There has been a continual tude becomes asymptotic to a value typical of the difference
search for alternatives from the beginning, e.g., investi- between randomly selected states (at the same time of
gations of spectral formulations or the use of semi- day and year). Some numerical experiments have sugimplicit methods which permit longer time steps. The gested that the atmosphere may become temporarily
results have not always been encouraging. However locked in one or another "regime"; the error may then
within the last few years indications have been that become temporarily asymptotic to a smaller value
more promising means may develop. There is now reason- characteristic of the difference between states chosen
able expectation that mixed spectral finite difference randomly from the same regime. Limited extendedmethods may provide a more efficient and more accurate range predictability will then exist. Regimes could be
means of calculation. On the other hand the use of internal phenomena; they could also arise through
higher order difference methods in combination with coupling of the atmosphere with more slowly varying
variational optimization may also offer an alternative systems as the oceans. More intensive investigation of
means for higher local as well as domain accuracy.
these possibilities is desirable.
Finally, the growth rates previously mentioned should
2.4 Mapping
be regarded as ensemble averages. Growth rates at
Global mapping has continued to present special particular times depend strongly upon the atmospheric
difficulties. Even when one discards the requirement state, as well as phase relations between the errors and
for conformality, almost all global mapping methods synoptic systems. Identification of those instances when
are subject to problems, such as singularities at polar the growth rate is small or large, and hence when predicpoints. These problems are still being explored from a tions are most or least likely to succeed, is of obvious
variety of directions with no completely satisfactory solu- practical value, and is perhaps best accomplished by
tion. On the other hand the problem of mapping naturally making several forecasts from slightly differing initial
disappears if spectral techniques appropriate to the sphere conditions, or by the methods of stochastic dynamic
prediction (Epstein, 1969).
can be used.
Real prediction schemes always contain some approximations,
which lead to further errors. If the scheme is
3. ATMOSPHERIC PREDICTABILITY
poor, the resulting accumulated error should rapidly
Investigations of atmospheric predictability are con- enter the non-linear phase, and considerations of growth
cerned with the amount of information obtainable in by amplification become irrelevant. If the scheme is
advance concerning future states of the atmosphere. good, amplification of the already accumulated error,
Since the normal climate varies considerably with the which should be quasi-exponential, will soon far exceed
time of day and year, predictability is generally consid- any growth due to further accumulation, which should
ered to be present only when information additional to be quasi-linear. With anticipated improvements in
climatology can be obtained.
prediction, considerations of the growth rate become
If the laws governing the atmosphere and its surround- ever more important.
ings were deterministic, and if we knew the laws precisely
The three-day doubling time typical of the larger
and were able to apply them without approximation, scales has been deduced mainly from numerical integraerrors in prediction would arise only from failure to tion of models of the general circulation (Smagorinsky,
observe the present and past states perfectly. If two 1969; Jastrow and Halem, 1970; Williamson and Kasahara,
conceivable states, say the exact and the observed or 197 I), although it has received some corroboration from
predicted state, differ only slightly, the difference between empirical studies based upon analogues (Lorenz 1969c).
them, or the error, will be governed approximately by The figure is therefore model-dependent. Increasing the
linear equations. Current ideas regarding predictability horizontal resolution of a model appears to decrease the
centre around the rate at which, according to these time during which two solutions of the model equations
equations, the error will grow.
remain close to one another (Jastrow and Halem, 1970),
Actually one should not speak of the growth rate, unless although, if the model is otherwise satisfactory, it
this rate is regarded as a function of several parameters. presumably increases the time during which either soluFirst, the rate is scale dependent. Small-amplitude errors tion remains close to the atmosphere. There is some
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question as to whether decreasing the grid spacing
below 500 kilo meters continues to decrease the indicated
range of predictability (Smagorinsky, 1969).
The deduced doubling times are probably most nearly
correct for temperate latitudes. Reliable determinations
of the growth of errors within the tropics, and the propagatIOn of errors across the equator or into or out of
the tropics, await models where tropical processes are
better represented. Altered results even in temperature
latItudes may follow from models which develop their
own cloud systems, which in turn alter the absorption and
reflection of radiation.
It has been hypothesized that the inevitable errors in
very small scales will rapidly acquire large amplitudes
and then induce noticeable errors in somewhat larger
scales, which in turn will grow rather rapidly and then
induce errors in still larger scales, etc. (Lorenz, 1969 b).
If the kinetic-energy spectrum (energy per unit scalar
wave number) falls off less rapidly than the minus-third
power of the wave number, the time required for infinitesimally small initial errors in infinitesimal scales to
produce large errors in the largest scales will be finite,
perhaps less than three weeks. This hypothesis is supported by numerical computations, which, however,
use the equations of two-dimensional motion and contain
an o.versimplified closure scheme. Studies using more
sophIstIcated closure schemes (Kraichnan 1970' Leith
1971) lend qualitative support. Attempts' to ve~ify th~
hypothesis by direct numerical integration of the equations (Lilly, 1971) have simultaneously produced minusthird-power spectra, whence the results have been
inconclusive. Similar attempts spanning more octaves
of the spectrum and using special forcing functions to
produce different spectra might be able to place the
hypothesis on firmer ground.
With increasingly good prediction schemes the range
of predictability should become the time required for
errors to progress from the smallest resolved scale
to the largest scale. The additional range to be gained
by higher resolution in the observational network and
accompanying higher resolution in the computational
scheme should then be the time required for errors to
progress from newly resolved scales to previously resolved
scales (Lorenz, 1969 a). Whether this gain (perhaps one
day, perhaps several) justifies the effort required to achieve
the higher resolution may therefore depend critically upon
the spectrum. Local short-range forecasting could undoubtedly be improved by higher resolution over local
areas .. Extended-range forecasting might be improved by
retall1Ing hIgher resolution dUrIng the first days of the
forecast.
Observations suggest that the atmosphere possesses a
minus-third-power spectrum from large synoptic to
SUb-synoptic scales (Julian et a!. 1970; Kao and Wendell,
1970) although there is some conflicting evidence (Vinichenko, 1970). Similar spectra have been produced by
numerIcal models of the general circulation (Manabe et
a!., 1970; Wellck et a!., 1971), and by models of two-
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dimensional flow (Lilly, 1969). Producing the proper
spectrum requires sufficient horizontal resolution in the
model (Wellcket al., 1971; Baer andAlyea, 1971). Theoretical work indicates that spectra of this general sort
are to be expected for two-dimensional motion (Kraichnan~ 1967, 1971) and three dimensional quasi-geostrophic
motIOn (Charney, 1971). Further observations of the
spectrum extending into the meso-scale are badly needed.
The cumulus scale contains too much energy to be
consistent with an extension of the minus-third-power
spectrum, whence a spectral gap is indicated (Fiedler
and Panofsky, 1970).
The three-day doubling time is comparable to the
growth rate of waves in a baroclinically unstable zonal
current, but numerical studies have found similar growth
rates In purely barotropic flow, and analytic solutions,
which do not involve finite-difference schemes, have
substantiated these findings (Lorenz, 1971). The relative
importance of barotropic and baroclinic processes is
perhaps best investigated by considering the energetics
of uncertainty (Fleming, 1971) whereby the total energy
IS resolved into the available potential energies and the
kinetic energies of the atmospheric state and the superposed errors, and conversions among the various forms
of energy are evaluated.
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APPENDIX II

THE FOUR DIMENSIONAL ASSIMILATION PROBLEM

1. THE USE OF NON-SYNCHRONOUS
OBSERVATION SYSTEMS
With the introduction of the new observing systems
based on non-synchronous observations the analysis
problem has changed in character. In the near future
it is in fact expected that a significant part of the observations will be randomly or systematically scattered in a
four-dimensional domain, i.e., three dimensions in space
and one dimension in time.
Although four-dimensional analysis is necessary when
the observation system is non-synoptic, it has also been
extensively used within the framework of the conventional
synoptic observation system. Weather services have for
a long time based their analysis not only on synoptic
data for the time of the analysis, but also on the fields
predicted from the previous observation hour and valid
at the time of the analysis. As a result, the analysis
depends upon past as well as present data, and the added
information improves the quality of the analysis.
The objective of the four-dimensional analysis is to
determine a sequence of fields of the dependent variables,
consistent with the observations as well as with the
physical prediction equations governing the evolutions
of the fields in time.
The observed variables of primary importance for
definition of the large scale motion are the horizontal
wind velocity, the pressure, the temperature and the
humidity. Since the hydrostatic approximation is used
throughout, the pressure-temperature structure is usually
defined by the thicknesses between a number of isobaric
surfaces together with a reference level pressure, usually
taken as the surface pressure. Within the hydrostatic
system, the vertical motion is a derived quantity and
there is no need to observe it. In addition to observations
one usually also takes into account information from
other sources, such as climatological statistics and stability requirements.
With this information the continuous fields of variables
may be obtained with the aid of a four-dimensional
interpolation method, thus providing the values of the
dependent variables in a three dimensional grid. It is
well known of course that the analysis will contain the
typical interpolation errors; in terms of spectral representation of the fields, the observing system will resolve
only that part of the spectrum which has a scale larger
than the distance between observing stations, and even

the resolved large-scale part of the field will be somewhat
in error due to aliasing and observation error.
There is no doubt that the analysis problem has
become more complex and difficult. However, it is
clear that the problem has attracted considerable interest
among research workers and' significant progress has
already been made in this field. This was clearly demonstrated in connexion with the International Symposium
on Four Dimensional Data Assimilation for the GARP
which was organized by the Joint Organizing Committee
(Princeton, 1971).
2. POSSIBLE SCHEMES
FOR FOUR DIMENSIONAL DATA ASSIMILATION

Basically three different approaches can be recognized:
the intermittent scheme, the continuous scheme and
the forward and backward scheme. These are schematically illustrated in Figs. II. 2, 3 and 4. Fig. II. 1illustrates
the number of upper-air observations as a function of
time. The peaks in this curve correspond to the relative
increase of observations at standard hours of observations.

2. I The Intermittent Data Assimilation Scheme
Of the three schemes, this one differs least from the
analysis schemes now used in routine operation. The
analyses are made at equal time intervals, e.g., every
six or twelve hours. The analysis is used to define the
initial state for a prediction model and an integration
is made for the time interval to the next analysis time.
The prediction method follows the classical scheme
of initial value problem for hyperbolic equations; therefore it is conceptually simple, and one may feel confident
that it is well posed and has always a unique solution.
The basic feature of this analysis scheme is that it
projects the observations to the time of analysis. After
this procedure, which transforms the non-synoptic data
to synoptic data, a three-dimensional assimilation scheme
can be applied using the model forecast valid at the
time of the analysis as aditional information.
Various techniques can be used for such a projection
of data. The simplest method is to ignore the time
difference but this can of course only be done if the
time period between the analyses is sufficiently short.
Another method is to make use of the analysed tendencies
and change the observed quantities according to these
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(the tendency method). It is also possible to make a
correction for the time by changing the position of the
report using a space mean of the analysis height field
or stream field (the advection method). By reducing
the observations to the same time offers the possibility
to introduce them into the analysis with the proper
weight depending on their quality.
2.2

The Continuous Data Assimilation Scheme

In this scheme the observations are assimilated at the
same rate as they are observed into a model paced by
the atmosphere but running somewhat behind to allow
for the data to be communicated and processed. Thus
the model state is continuously adjusted to fit the observations. An analysis may be obtained, or a routine forecast
started at any time on the basis of the model state.
There are problems involved, however, when the state
of the models is changed to accommodate new temperature or wind data. The balance which exists between
the wind and pressure fields is likely to be disturbed,
resulting in the generation of spurious gravity-inertia
waves (sometimes called "shocking"). But these waves
will disappear due to horizontal dispersion and frictional
dissipation. Artifical damping of high frequency modes
of the model's solution or a scheme of artificial time
filtering accelerates the adjustment process.
The resulting analysis will depend strongly on the
properties of the model used to assimilate the data.
The information carried by previous data will decrease
with their age because of the errors in the process of time
integration, and data which are older than the predictability limit for the model will add no information at all.
X(t)

-- - ---.

x' (to)
XO (to) r---_ _~

The continuous scheme is conceptually flexible and
attractive. Although it involves certain problems it
has a high potential for the future.
2.3

The Continuous Forward and Backward Data
Assimilation Method

In order to avoid the difficulties which arise if too
many data are introduced into the analysis/forecast
model without allowing sufficient time for adjustment,
an iterative relaxation scheme has been proposed (Morel
et aI., 1971) in which the same non-synchronous data
were assimilated repeatedly into the model during many
time integrations forward and backward over a certain
time interval, say 24 hours. In this way there will be
sufficient time for the generated high frequency oscillations to die off. The melhod is similar except that the
time range is of the order of one day in this case.
The model to be used for this assimilation method may
not take into account energetic processes as needed for
extended range forecasting.
3. CONCLUDING REMARKS
The introduction of the non-synoptic observations
has undoubtedly created certain problems to which we
have not yet found the solution. However, it should
also be emphasized that due to the fact that we have
been forced to consider the analysis problem as a fourdimensional problem and thereby make use of the
prediction equations, new possibilities can be expected.
The prediction equations represent an additional source
of information which may permit a relaxation of the
requirements of observational data. It may not be a
necessary requirement that the set of variables which
is measured should form a complete set for the definition
of the model state.
Finally, it should be remarked that since the design of
the four-dimensional scheme is not a simple matter,
it is not unlikely that at the time of the Global Experiment we shall have several alternative methods. Therefore it seems desirable to have several parallel analysis
systems in operation using the same data.
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APPENDIX m

INDIRECT MEASUREMENTS OF TEMPERATURE AND HUMIDITY FROM SATELLITES
(November 1972)

1. INTRODUCTION
1. 1 In recent years the interest shown in the problem
of the derivation of temperature and humidity distribution in the atmosphere from satellite radiance measurements has been on the increase and some encouraging
results have been obtained with regard to the development of approaches and experimental demonstration
of the technique on the satellites "Nimbus" and "Meteor". The physical foundation of the problem has
been discussed in a large number of scientific papers
and a short summary of this given in GARP Publication
No. 3 (section 5.2.2). A comprehensive review of the
methods is also given in the book by K. Ya. Kondratyev
and Yu. M. Timofeev (1970).
In the light of the fact that satellite observations
envisage the IR-sounding of the atmosphere during
the Global Experiment and that this kind of observation
will constitute a substantial output of the whole observing
system, it is worthwhile presenting a brief review of the
technique used and show its potentialities and limitations.
1.2 The concept of determining the atmospheric
parameter from spectral radiance measurements is based
on three fundamental assumptions:
(i) Gases such as molecular oxygen (0 2) and carbon
dioxide (C0 2) are uniformly mixed up to an altitude
of 30 km so their mixing ratio is constant within
the portion of the atmosphere that is of primary
meteorological interest.
(ii) The atmosphere below 50 km is in local thermodynamic equilibrium. This implies that the classical
relation of the Planck's function and Kirchhoff's law
may be used.
(iii) Scattering by aerosols in the atmosphere is negligible
in the infrared and microwave regions except for
water droplets and ice crystals.
1.3 The basic relation linking the intensity of radiative transfer in the infrared and microwave regions for
specific frequency intervals with temperature and absorbing gas distribution in the atmosphere is expressed
through an integral equation. For the radiation transmitted in the vertical plane this may be written as:

'
J
po

J(v)=B[v,T(p)]·r[v,u(po)]-

B[v,T(p)]

rh [v, u (p)]
(Jp

pressure (p); r [v, u (p)] is the transmittance function of
the mass of absorbing gas (u) above the pressure p at
frequency v.
The transmittance function is highly dependent upon
the frequency of the radiation and the amount of absorbing gas. At frequencies close to the centres of absorbing
bands, a small amount of absorbing gas results in
considerable attenuation in the transmission of radiation
and therefore most of the outgoing radiation at the
frequency concerned arises from the upper levels of the
atmosphere. On the other hand, at frequencies which are
far from the centres of the band a relatively large amount
of absorbing gas is required to attenuate transmission;
therefore at these frequencies most of the outgoing
radiation arises from the lower layers of the atmosphere.
In Fig. m.l the kernels of the equation, i.e., (Jr[v'o;(P)]
represent the relative contribution of different parts of the
atmosphere in the outgoing radiation for a number of
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specific frequencies within the 15~m CO 2 band. The absolute values of these contributions depend on the product
of the curves and the shape of the Planck's function.
1.4 The problem of derivation of atmospheric
variables with regard to the above equation is formulated
in the following way:
(a) if the distribution of absorbing gas is known the
radiation measured at specific frequencies by the
satellite can be employed for the derivation of the
temperature profile from the Planck's function.
(b) if the temperature profile is known the intensity of
radiation for specific frequencies can be used for
evaluation of absorbing gas, for instance water
vapour distribution.
Several spectral regions are considered as useful for
the solution of the above mentioned problems by sensing
from satellites. Figure III.2 shows the location of these
regions in the radiant energy spectrum.

2. DETERMINATION OF TEMPERATURE
PROFILES
2. 1 It has been pointed out above that the temperature profiles of the atmosphere may be derived if radiance
measurements are made in spectral bands of those
absorbing gases whose distribution is known in the
atmosphere. Three spectral regions may be used for
temperature sounding, i.e., two regions of intensive
CO 2 absorption (4. 3 ~m and 15 ~m) and intensive absorption by O 2 in the microwave region near 5 mm. At present

(Far)

_---

the 15 ~m CO 2 absorbing region is the most studied and
therefore is widely used for the determination of temperature profiles.
In practice the radiometers observe radiance at a
fixed number of frequencies and for each of these values
a single equation similar to that in 1.3 above can be
written. Thus, we are eventually dealing with a set of
integral equations from which the temperature profile may
be determined. As has been seen from Fig. 1 the broad
shape of the kernels results in the fact that because of noticeable overlapping the amount of independent pieces of
information about the temperature that could be provided
by radiance measurements is limited independently of the
way in which frequency bands are taken. In other words,
starting from a certain number any additional measurements become redundant in the sense that equations are
no longer independent. Estimates showed that 3 to
5 radiance parameters may be sufficient to derive a
temperature profile with acceptable accuracy. Seven
degrees of freedom are considered as maximum limit.
From a mathematical point of view, the property of the
kernel of the integral equations may result in a considerable degree of instability. This implies that small variation in the radiance measurements because of the instrument errors may lead to a noticeable change in final
solution of the set of equations and thus unrealistic
change in the temperature distribution.
Furthermore, a specific difficulty also arises with respect
to the fact that mathematically there does not exist a
unique closed-form solution for the integral equations.
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2.2 The first attempts to derive temperature from
radiance measurements were undertaken by D. King
(1956), L. Kaplan (1959) and G. Yamamoto (1961).
They revealed that in the presence of random errors of
radiance measurements it was impossible to restore the
temperature profiles without the application of a special
technique stabilizing solution.
Subsequently, D. Wark, G. Fleming (1966) and
M. S. Malkevich and V. J. Tatarsky (1965) suggested
a practical way of how to overcome the instability
problem. In the first study the deviation of the Planck's
function from that corresponding to the mean temperature distribution was expanded in terms of the
empirical orthogonal function. Furthermore, some
smoothing procedure was also introduced to stabilize the
solution. In the second study the empirical orthogonal
functions were employed for the deviation of temperature
from standard values. To obtain a stable solution a
few terms of the expansion were used.
Afterwards, a number of numerical methods were
further developed in which a priori statistical information
about the solution was used for defining the relevant
solution of the integral equation. In this respect it is
worthwhile making reference to the techniques suggested
by E. R. Westwater and O. N. Strand (1968), B. F. Tourchin (1967) and others.
The second group of methods is associated with the
application of different versions of iteration techniques,
for instance, methods developed by W. L. Smith (1967),
T. L. Barnett (1969), M. T. Chahine (1970), etc. Finally,
a regression method which makes use of the statistical
relationship between the temperature distribution and
radiance measurements was also successfully employed
by W. L. Smith (1970) for operational use.
The available results show that the errors of temperature profile derivation obtained by different methods
are within the I-3°C limit. It was also found that for
the simple temperature profiles, i.e. close to linear, all
methods are successful and provide an accuracy within
1°C. Maximum errors usually occur near the tropopause
and in the boundary layer of the atmosphere.
These results refer to the cases when there are no
clouds or other sources of radiance contamination
effecting the accuracy of temperature derivation. The
problem becomes more difficult when the real atmospheric
conditions are considered. It is known, for instance,
that at any time cloudiness of the atmosphere covers
50-75% of the earth's surface.
The presence of the cloudiness gives rise to the need
for the reconstruction of the mathematical foundation
of the model and results in the development of more
complex formulations. From the viewpoint of temperature sounding in the infrared region of the spectrum
the continuous cloudiness is non-transparent (emissivity
of most types of low and mid level clouds is close to
unity) and therefore the temperature profile may be
actually obtained only down to the top of the cloud
boundary.

The problem of clear column radiance measurements
also exists in cases of partial cloud distribution. One of
the possible ways to overcome the difficulty is to use
scanning instruments with a rather narrow field of
view, thereby substantially increasing the probability
of getting radiance measurements through the existing
holes in the cloud distribution. For instance, some
estimates show that a scanning radiometer with 10-20 km
resolutiol'l may provide complete global coverage with
temperature sounding down to the earth's surface with
horizontal spacing adequate for the Global Experiment.
With regard to the studies on how to discriminate clear
column radiances in the cloudy areas, the technique
suggested by W. L. Smith (1967, 1968) and O. M. Pokrovsky and L. A. Timofeev (1969) seems to be rather promising.
2.3 The launching in April 1969 of the satellite
Nimbus III provided the first opportunity to test the
infrared sounding inversion technique under real conditions. The satellite infrared spectrometer (SIRS) on
board the spacecraft measured the radiation in seven
spectral intervals of the 15 Ilm CO 2 region and one
spectral interval of the Illlm window region. The latter
region was used for estimates of the earth's surface
(or cloud) temperature in order to define the needed
correction for clouds or terrain. The field of view of
the instrument was such as to correspond to a horizontal
resolution of about 200 km 2 , and the radiance was
sampled every 8 sec along the line beneath the satellite
orbit. A similar type of instrumentation has b,een used
on Nimbus IV, launched in 1970. It was found that
aerosol and cirrus clouds do not produce a significant
effect on temperature retrieval, except in the case when
the cirrus is opaque. The results of inversion with
different methods showed that on average the RMS
differences between SIRS-derived and radiosonde temperature are about 1.5°C for clear conditions and 2°C
or more for cloudy conditions. Substantial error increase
occurs for complex temperature profiles with inversion
or isothermal conditions in the atmosphere.
The spectrometer on board the satellite « Meteor"
launched in April 1971 measured radiances in five
spectral intervals of the 15 Ilm CO 2 region. Available
preliminary results, a substantial part of which refer
to the measurements under cloudy conditions (about
80% of the cases) showed that the mean retrieval error
was about 2--4°C. Figs. III.3a and 3b show examples of
temperature profile derivation.

3. DETERMINATION OF WATER VAPOUR
3. I The determination of the water vapour distribution may be considered as the second step if the temperature profile has been derived. From the mathematical
point of view, the same integral equation is used for
water vapour determination, but here the transmittance
function is treated as unknown. At present all methods
of water vapour retrieval are based on an approximation
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Comparison of a SI RS-calculated and a radiosonde-observed temperature sounding over Berlin,
Germany. (W. L. Smith, 1970.)

of the transmittance function of real non·uniform
atmosphere by the appropriate function for the uniform
atmosphere.
From the physical point of view, derivation of absorbing components of the atmosphere, as analysis of the
equation shows, substantially depends on its thermal
structure. It is important to note that in case the atmosphere is isothermal, intensity of emission does not
depend on the observing gas distribution. Therefore,
the more the atmosphere is thermally non-uniform,
the better the condition for water vapour determination.
Since the water vapour considerably decreases with
height, the remote sounding of this parameter is mostly
limited to the lower part of the atmosphere.
As a result of the water vapour distribution, 2-3
radiance measurements bear a main portion of independent information about this parameter and any additional
data may provide only redundancy.
Water vapour has many absorbing bands in different
parts of the infrared spectral region. The absorption
region in 6.3 ~m and a number of bands in the region
extending from I 0 ~m up to radiowaves deserve special
attention.
The methods of inversion of the integral equations
are actually the same as discussed in section 2.

3.2 Papers related to water vapour derivation are
not so numerous as those for temperature profile. The
recent analysis of radiance measurements in water vapour
absorbing spectral intervals (18-36 ~m) on board Nimbus IV made by W. L. Smith and H. HoweIl (1971)
showed that errors of the derived relative humidity in

~.
220
240

260

300

TEMPERATURE fK)

Figure Ill. 3 b

Comparison of a SI RS-calculated and a radiosonde-observed temperature sounding over Berlin,
Germany. An overcast (denoted as N = 1.0) was
determined from the radiances to exist at the
850-mb level. (W. L. Smith, 1970.)

the middle troposphere are less than 20%. The errors
in the lower troposphere are somewhat larger but less
than 30%. It is worthwhile pointing out that accuracy
of humidity derivation depends on accuracy of temperature profile determination. According to estimates
by W. L. Smith a systematic temperature error of
2°C results in a relative humidity error ranging from
12 to 25% of the resultant value.
The presence of the clouds complicates the problem
of humidity derivation. The clouds usually reduce the
outgoing radiance and if they are not accounted for
in the solution, an erroneously large amount of water
vapour may be obtained. Besides, the measured radiances in the most transparent H 2 0 bands are usually
not satisfied even if the solution is restricted to a relative
humidity of 100%, because a saturated atmosphere does
not reduce the outgoing radiation as much as an opaque
cloud normally does. This evidence may be used for
identification of cloudy conditions.
The problem becomes more difficult if some portion
of the cloud gets in the field of view of the instrument.
If this is the case, there is a large probability to fail in
the identification of the cloud. This in turn may result
in introducing noticeable errors in water vapour distribution. Figs. IIIAa and 4b show some typical humidity
profiles obtained for clear and cloudy conditions.

4. CONCLUSIONS
4. I It is quite clear that a development of technique
with regard to derivation of atmospheric parameters
from satellite radiance measurements is under way.
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SIRS-B water vapour retrieval from a clear atmosphere compared with a radiosonde-observed profile.

Therefore it is impossible at present to arrive at a definite
conclusion on the selection of the best method for the
purpose. Meanwhile there are some problems to be
studied that are relevant to all retrieval methods used
so far, i.e.:
(i) The accuracy of temperature and water vapour
distribution substantially depends on the numerical
methods employed for the inversion of integral equations, and therefore rather accurate and stable
methods (with regard to radiance measurement
errors) are required;
(ii) in general the kernels of the integral equations contain errors resulting from inadequate knowledge of
the transmittance function especially at low pressures
and with a small amount of absorbing gas, and further
theoretical and experimental studies may substantially
reduce errors of this kind;
(iii) the accuracy of the retrieval of temperature and
water vapour profiles substantially depends on the
presence of clouds in the field of view of the instrument and therefore formulation of an effective
technique is required.
4.2 It is necessary to note that transmittance functions used for temperature derivation are somewhat
dependent on the distribution of other absorbing gases,
for instance water vapour whose concentration is rather
changeable. On the other hand, the accuracy of water
vapour derivation substantially depends on the accuracy
of temperature profile determination. It is quite clear
therefore that the most effective way in approaching
the inverse problem is to make it concurrently for both
parameters.
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APPENDIX IV
WIND ESTIMATION BY TRACKING CLOUDS ON IMAGES FROM GEOSYNCHRONOUS SATELLITES
by Lester F. Hubert
National Environmental Satellite Service (NESS)
Washington D.C.
(November 1972) *

SUMMARY
Characteristics of satellite wind data are determined
by the fact that measurements can be made only on
selected "targets of opportunity". Data quality depends
upon success in selecting appropriate targets, measuring
their displacements and determining their heights.
Data coverage tends to be quite inhomogeneous, both
horizontally and vertically. In general, flow in the lower
levels is much more abundantly observed. Only rarely
will a square of 15° latitude-longitude be devoid of all
low cloud vectors.
Some improvement in accuracy has already been
achieved, compared to the results reported to COSPAR
(1971), but substantial improvement will be achieved
by the addition of infrared measurement on SMS.
Automated methods of measuring cloud-pattern displacement are being developed but it appears that some
targets may not be amenable to those techniques. Hence,
the role of man cannot be eliminated in the foreseeable
future. For that reason, a Man-Machine System is
being planned for making wind estimates from the
Stationary Meteorological Satellite (SMS) data.
1. DENSITY OF OBSERVATIONS
Low clouds provide more abundant targets than upper
clouds and it is often possible to estimate several low
level winds per 200 km square. A glance at any satellite
picture, however, will show extensive cloud-free areas.
Hence coverage tends to be quite inhomogeneous at
anyone time. But on the average, only rarely will an
area as large as 15° latitude-longitude be entirely cloudfree.
Upper level clouds are more sparse and tend to be
associated with synoptic features. High clouds, for
instance, are relatively rare upstream, but quite common
downstream, from an upper trough. It is common to
find areas as large as 15° latitude-longitude devoid of
trackable upper cloud targets. It should be pointed out
* The material up to section 5 was prepared in early 1972 for a
preliminary version of this document, and is still considered
valid as a general summary. The author, however, has applied
additional sections 6-9 based on more recent experience in 1972.

that just where upper flow is of interest, convection and
large-scale disturbances produce a middle and cirrus
cloud in multi-leveled patterns - a characteristic that
poses a measurement problem.
2. TARGET SELECTION AND MEASUREMENT
Not every cloud which moves in the satellite view is
suitable for wind determination. Consequently, the
selection of appropriate targets is a fundamental problem. Where individual cloud patches are selected (manual
method) the measurement technique must be capable
of handling point data but where groups of cloud elements
are chosen (automated techniques), the method must
be designed to handle pattern displacement.
Several research groups are developing different techniques but experience is still too limited to define the
"best" method. There is consensus that human judgment
must be retained somewhere in the procedure of deriving
wind data but there is. no agreement concerning how
and where human intervention will be most efficient.
Even the most optimistic view does not see a completely
automated system for GARP and the most pessimistic
view recognizes the ability of computers to do part of
the job, even today.
Experiments with simple, single layer cloud patterns
have shown that their displacement can be measured by
at least three different automated computer methods.
More complex patterns of single layer clouds can also
be handled by appropriate filtering to enhance the
pattern information.
Important to measuring displacement are both the
techniques used and the need to maintain great precision.
When a human analyst tracks clouds on the projected
image of an animated sequence, he marks the displacement of some conservative feature. For example, if a
cumulus group of clouds is being distorted by shear,
he attempts to use the up-Shear edge. Automated
methods of tracking clouds depend on patterns of clouds
- the cloud field contained, for example, in a square of
100 km on a side. Experiments suggest that the difference
sometimes found between manual and computer methods
is the consequence of different behaviour of an individual
cloud and a pattern of clouds.
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No experiments have yet demonstrated that machine
methods can measure two motion fields of two layers
moving over the same area. A trained human analyst
can measure such motion. This success has stimulated
development of manual techniques. It seems clear that
a complete system for deriving winds must combine
the speed and error-free operation of computers with
the skill of human judgment. The latter must be employed, it seems, to measure multi-level patterns and
for quality control.
In NESS we are proceeding on the assumption that
the cross-correlation or an alternate computer technique,
can be "tuned" to derive the displacement of some types
of clouds. Most likely some targets, e.g., multi-layered
clouds, will not be properly treated by automatic methods
and will require manual tracking. For that reason we
are planning a man-machine operation that includes
manual tracking. We plan to test a part of our system
early in 1973. The proposed function is described later.
3. DETERMINING CLOUD HEIGHT
Determination of cloud height is critical because the
targets lie at a variety of elevations. Cumuli might
be confined to the lowest few thousand feet in some
areas but may occupy a layer that exceeds 10.000 feet
in others. Cirrus altitudes range from at least the midtroposphere up to the tropopause. Hence the measurement of cloud displacement is only part of making a
wind estimate. Target height must be specified before
cloud velocity can be transformed into a lVind estimate.
In routine operations the analyst selects cirrus and
cumuli targets. On the average, cirrus were found to
correspond best to motion at 30.000 feet in mid-latitudes
and to 40.000 feet in the tropics. Low clouds correspond
best to winds 2.000 feet to 3.000 feet. Because these
cloud targets in fact existed over a range of heights
in an atmosphere with wind shear in the vertical, wind
estimates for those specific heights were not exact.
Our studies showed the discrepancies due to uncertainty
of target height to be somewhat larger than all other
errors. Table IV.l shows these discrepancies as well as
those due to picture distortion, etc.
TABLE IV.I
ATS wind differences from RAWINS: Magnitude of vectorial
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The table shows that the discrepancies at 30.000 feet
were about double to those at 3.000 feet. It is therefore
clear that the greatest opportunity for improving the
accuray of wind estimates lies in improving the determination of cloud height - particularly of upper cloud
targets.
One approach to such improvement, already commenced, is to compile a "synoptic climatology" of clouds
for different recognizable meteorological situations such
as jet streams, fronts, etc. By this means, upper clouds
might be assigned to two or three different levels rather
than to a single "average level".
Preliminary results are encouraging. Upper clouds
bordering sub-tropical jets appear to have a characteristic
height distribution as the jet core is approached and
near fronts, middle clouds can be distinguished from
cirrus. Unfortunately, only a fraction of all cloud targets
are directly related to recognizable meteorological features. Substantial improvement must await infrared
measurements that will be made from the Stationary
Meteorological Satellite (SMS). We are already examining means of using infrared data for this purpose.
Dense clouds will cause little difficulty because their
effective radiating temperatures can be related directly
to cloud temperature. But most upper clouds do not
radiate efficiently. Above transmissive clouds, upward
radiance includes energy from lower and warmer radiators. In such cases the equivalent blackbody temperature
(T bb) cannot be converted directly to cloud temperature.
A preliminary survey indicates that about two-thirds
of all upper cloud targets will present a problem because
of their low emissivity (high transmissivity). Fig. IV.l
illustrates the extent of height uncertainty that would
exist for moderately thin clouds if the T bb were converted
directly to temperature (height). The various blackbody
temperatures are those that would be derived from
satellite measurements of cirrus in the 10 to 12 micron
"window" for different conditions.
Given a cirrus cloud at 12.3 km (200 mb, 218°K) the
curves pertain to single layer cirrus (lowest curve); to
middle cloud at 7.6 km with emissivity of 0.7 underlying
the cirrus and to middle cloud at 7.6 km with emissivity
of 1.0 underlying the cirrus. For example, cirrus by
itself, with emissivity of 0.35, would yield T bb = 280 0 K,
corresponding to an altitude of about 3.2 km. The same
cirrus over middle cloud, whose emissivity is 0.7, would
show T bb = 257° - about 7.2 km. In both instances
we seek, by some means, to estimate the cirrus temperature which is 218°K.
Such an estimate might be made if we have independent
knowledge (even quite approximate) of cloud emissivity
and the radiance arriving at the bottom of the cirrus.
Radiation measurements from polar orbiting satellites
having temperature and spatial resolution similar to
that planned for SMS, are being used to develop a
technique for such an estimating method. It appears
that pressure-height estimates, perhaps within ± 100 mb,
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APPARENT HEV. OF HIGH CLOUD
FROM INFRARED (1lJ.L) RADIANCE
AS A FUNCTION OF CLOUD
EMISSIVITY AND VARIOUS MIDDLE
CLOUD CONDITIONS

MEAN
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0(

TEMP. AND
ELEV. OF HIGH CLOUD
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230 --~
10.0
240-

9.0
250- 8.0

260- 7.0
6.0

Both motions distort the images - fixed distances on
earth appear as different image-distances.
Only a small portion of each picture in a sequence can
be accurately registered because of such distortion and
most of the image moves from picture to picture. This
condition will continue into the SMS series.
Several groups have been analyzing the influence on
measurement accuracy of these distortions and writing
computer programmes to take them into account. All
of the work reveals that the complex geometry of time
variable conic sections and spacecraft variables must
all be taken into account with great precision. In theory
each one of the variables is known and predictablethe only uncertainty at this time concerns the accuracy
to which the spacecraft variables can be determined
(in real time) and are adequately stable for prediction.
It would therefore appear that we might anticipate errors
due to target tracking to be substantially smaller than
those reported in earlier work. Further, if we are successful
in increasing the accuracy of determining height, the
discrepancy due to height uncertainty also will be reduced,
but no results on hand indicate the exact improvement
we might expect.

270- 5.0
5. PLANS FOR A MAN-MACHINE SYSTEM

4.0

Wind estimating during early SMS operations will
be based on manual cloud tracking. This will probably
include the GATE period. Computer techniques will
be introduced as they are refined and checked out but,
as discussed earlier, certain decisions and functions
require human judgment - a man must remain in the
production loop.

280- 3.0

2.0
290----1
1.0

o
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.8
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EMISSIVITY OF HIGH CLOUD
Figure IV. I

Illustration of the exlent of height uncertainty that
would exist for moderately thin clouds if their blackbody temperatures were known. The ordinate is
labelled in temperature and height of a mean tropical atmosphere and the abscissa in emissivity of the
cirrus cloud layer.

might be expected for moderately thin upper cloud and
with very much better accuracy for dense clouds. The
height of very thin clouds will probably be indeterminate
from "window" data alone. We may not have to deal
with thin clouds, however. Frequently they are tenuous
and ill-defined, and cannot be tracked in any event.

4. PRECISIO

OF MEASUREMENT

Because each ATS satellite is in slightly inclined orbit,
the subpoint traces a (very slim) figure-eight on the
earth's surface. The spin scan camera also moves relative
to earth because of the orientation of the satellite's axis.

Present plans envisage a man-machine system that
might function as follows:
1.

Display an animated sequence of infrared or visible
images.

2.

An operator selects portions of the animated scene
in which cloud motions can be derived by computer,
e.g., an area of single-layered dense clou'ds. He
designates those areas and activates the computer
routine.

3 a The analyst selects cloud targets in the remainder of
the image, indicating with a cursor on the display
the endpoints of each target displacement.
b The analyst determines the height of a group of
targets by means of special displays and computations with the digital, infrared data. (This step and
the following one require the operator to be in a
rapid "conversational mode" with the computer.)
c Vector endpoints from step 3a and associated
heights from step 3 b are supplied to the computer
for assembling with vectors from step 2.
4.

Fields of wind estimates and their heights are
displayed for editing and quality control.

72
5.

THE GLOBAL EXPERIMENT -

Edited fields of wind are transformed to the format
desired by users, e.g., mapped vectors, punched
cards, magnetic tape, etc.

6. PROGRESS IN COMPUTER PROCESSING
OF IMAGES

In order to measure cloud motions by computer,
regardless of the method used, extremely accurate
image-to-image registration must be achieved. Seldom
are spacecraft and orbital variables known to the necessary
precision and vernier adjustments must be based on
matching earth features.
An automated technique, developed in the National
Environmental Satellite Service (Bradford et aI., 1972)
matches a matrix of landmarks for registration. This
development opened the door to real-time production
of "picture-pair" cloud vectors (a techniq ue of measuring
cloud motion by pattern correlation). The system was
tested successfully this summer under operational conditions with ATS-l picture sequences. Moreover, the
computer-derived vectors were combined with the
manually-derived vectors and delivered to the National
Meteorological Center who used them for analyzing
Northern and Southern Hemisphere upper air charts.
Thus an important aspect of the Man-Machine System
was demonstrated, as discussed above in section 5. More
of this man-machine approach later.
Needless to say, the production failed on some days
during the test which uncovered weak links in the system.
It was encouraging to see that neither the automated
registration nor the computation of cloud motions were
"weak links".
7. STUDY OF WIND VERSUS CLOUD MOTION
Comparisons between rawinsonde measurements of
wind and the ATS-measured cloud vectors such as those
summarized in Table I typically show differences averaging from 5 to 10 kts for low clouds and double that for
upper clouds. These differences have been regarded as
measures of accuracy of this type of wind estimates. In
fact, we feel now that they are poor measures.
This view has steered discussion of accuracy of wind
estimates toward a preoccupation with measurement
techniques and the consequent neglect of an equally
fundamental question "What scale of motion should be
measured?" To discuss accuracy of measuring wind
without specifying scale is meaningless. To state a
"required accuracy" for wind without specifying scale
is equally meaningless. A recent study has shown the
importance of scale (H ubert et aJ. 1972).
Ship soundings made during the Barbados Oceanographic and Meteorological Experiment (BOMEX) were
compared to each other and to cloud vectors. The typical
deviations between rawin and cloud vectors were found.
Although part of the deviation is due to the same system
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errors discussed above, they will not be reconsidered.
Rather, we consider here the importance of scale.
The spatial scale resolved by ATS images is the order
of 5 km, but our measurements treat scales about an
order of magnitude larger. Areas no smaller than about
50 km on a side are tracked by computer. Manual
methods track individual targets somewhat smaller, but
the analyst tends to select features that reveal about the
same displacement as their neighbours and thereby
he measures motions on about the same scale as the
smallest areas used by the computer. (Possibly some
of the differences between manual and computer vectors
are due to scale disparity but this has not yet been
evaluated definitively.)
Time scale can be as small as half-hour for computer
vectors while the manual method utilizes sequences
covering 1 Y2 to 2 Y2 hours. Apparently the effect of
different time scales (in this context) is small because
computer fields of vectors derived for two contiguous
half-hour intervals are very comparable tso much so
that this comparability has been used as a means of
quality control).
Despite differences between techniques, therefore,
low cloud vectors correspond to scales the order of
50 km to 100 km and one to two hours. Clearly these
are not trajectories of individual cumulus cells that
are one or two orders smaller and have a life cycle of
about half-hour. Rather, the targets appear to be the
upward branches of meso-scale cells which persist for
hours in quasi-steady-state.
Differences between the displacement of balloons and
the displacement of mesoscale cells are natural and
inevitable. The crucial question is not how great are
those differences; instead, the question is how accurately
does the wind drift of those mesoscale cells correspond
to the scale of motion that is important to numerical
weather prediction.
The principal conclusion of the study reported by
Hubert (1972) was that about half of the deviation
between balloon and cloud motion could be accounted
for by small scale turbulent motions measured by balloons. Further, simple time-averaging of two soundings
over a 3-hour period was inadequate to remove the
influence of high frequency variability. As yet we have
not measured the suitability of our wind estimates for
numerical prediction, for it is an exceedingly difficult
task. But it is important to recognize the possibility
that cloud motion data, taking advantage of nature's
own averaging of turbulent variability, may be just
the data needed for numerical forecast models.

8. CLOUD HEIGHTS
FROM INFRARED MEASUREMENTS
Section 3 of Hubert, 1972, pointed out that frequently
upper clouds are not black body radiators, consequently
their "IR-temperatures" (T bb) are significantly higher
than their actual temperatures. Estimates of actual
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cloud temperature from these effective values of T bb can
be made only where we can derive some knowledge of
cloud emissivity.
Investigation of cloud emissivity, now underway,
indicates that certain carefully selected cloud areas
within larger patches and bands of upper clouds are
highly emissive (say, greater than .75). For those
selected samples the (high) emissivity might be estimated
to an accuracy of 10% to 15% and the cloud temperatures might then be estimated within ± 75 mb. Cloud
targets immediately adjacent, moving about the same
speed and direction, can be assumed to lie at about the
same elevation. These characteristics will be exploited
to estimate upper level cloud heights during the early
GOES operation.
A Man-Machine Interactive Processing System will
manipulate infrared data from GOES to display selected
cloud patterns and enable the analyst to deduce which
are the highly emissive cloud areas. Cloud temperatures
will then be calculated from the displayed radiation temperatures. The computer will be accessible to the analyst
for this computation, once he selects the appropriate

T bb •
Fields of cumuli present a different problem. While
they are nearly blackbody radiators (emissivity approximately 1.0) their size and areal coverage produce arrays
of temperatures in which there is no simple, direct relation between temperature and a representative cloud
top temperature.
Consider a region covered by cumuli of variable
cloud top temperatures (e.g. corresponding to heights
ranging from 3,000 ft to 8,000 ft as is typical of trade
wind regimes). The frequency distribution of those
temperatures will be influenced both by the range of
cloud temperature and by the range of cloud size and
coverage. For example 1/10 cloud cover will produce
a strong model frequency near the surface temperature
while 9/10 coverage will produce a mode at lower (cloud
top) temperatures. The sharpness of the mode will be
determined by the degree of uniformity of the cloud tops.
Hence, no simple statistic such as mode or mean is
uniquely related to cloud temperature - more complex analysis is needed. The display of digital T bb
made possible by MMIPS and the manipulation provided
by the minicomputer will enable the operator to analyze
these factors and select a representative cloud top temperature.

9. OUTLOOK
Basic to various means of deriving wind information
from satellite data is reliance on the human analyst.
While mechanical tasks can be done by computer, some
aspects of human judgment have not yet been programmed.
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Experience with new procedures frequently reveals
where parts can be automated. Such evolution is likely
both in the procedures to derive cloud temperatures
and procedures for tracking clouds. However, GOES
data will not be available until shortly before the GATE
programme so considerable human analysis will characterize the data reduction of that period.
Research with ATS images has already demonstrated
that well-behaved, single layer cloud regions can be
recognized by computer with about 85% reliability. This
performance can be boosted significantly by using simultaneous measurements in the infrared and visible. When
such methods are developed, many low level cloud regions
will be chosen and processed automatically. Unfortunately, upper level clouds must be treated differently.
A large proportion of middle and upper cloud patterns
are underlain with visible low clouds. No automated
technique has been shown to handle such complexity.
The human analyst usually does quite well, for the eye
is capable of ignoring even the dominating part of the
pattern (e.g. bright low clouds) and tracking other
pattern features.
These facts shape plans for wind derivation for GARP.
A convenient and rapid means must be provided to
enable a human operator to analyze time lapse sequences.
At the same time, many time-consuming steps must be
performed automatically. A system capable of aiding
in this man-machine interaction as outlined above (section 5) remains the basis of our plans for beginning the
GOES operation.
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APPENDIX V

THE CONSTANT-LEVEL BALLOON SUB-SYSTEM
THE EOLE EXPERIMENT
by Paul Sitbon
Laboratoire de Meteorologie Dynamique
Paris, France
(October 1972)

I. INTRODUCTION

The idea of a worldwide horizontal sounding system
based on super-pressure constant-level balloons and
satellite communications was first proposed by V. Lally
(1959) and Giles and Angel (1963). This project was not
in fact implemented in the U.S.A. beyond developing
the experimental Interrogation Recording and Location
System (IRLS) for Nimbus-Ill and IV satellites and the
testing of the flight performance of constant-level balloons in the U.S.A.-New Zealand GHOST Project.
The Centre National d'Etudes Spatiales (CNES) of
France took up the same concept of a meteorological
sounding system for a large experiment to be implemented
in the Southern Hemisphere in cooperation with the
U.S.A. (NASA). CNES developed and built the Eole
satellite as well as 500 constant-level balloons with their
sensors and communication package. NASA provided a
Scout rocket for launching the Eole satellite on a quasi
circular orbit (Wallops Island, 16 August 1971).
Another large experiment of the same nature, the
Tropical Wind, Energy Conversion and Reference Level
Experiment (TWERLE) is now being prepared in the
U.S.A. This experiment is planned to be implemented
during the GARP Atlantic Tropical Experiment (GATE)
in summer 1974. It will consist in launching 300 constantlevel balloons from near equatorial stations for providing
large scale wind data at 150-200 mb level in the tropics
in support of GATE (COS PAR WG 6, 1971). The
TWERLE experiment design is based on a new random
access Doppler navigation and data collection system
to be carried by the Nimbus-F spacecraft (Masterson,
1970).
A cooperative programme in which France would
provide the satellite sub-systems for a series of U.S.A.
operational satellites (ITOS) will begin with a prototype
satellite in about 1976. These operational random access
location and data collection systems to be carried by
the ITOS satellites will provide a worldwide capability
of locating small and relatively inexpensive beacons,
and collecting data from these beacons which would
be placed on any remote, fixed or mobile station.

·2. DESIGN OF THE EOLE SYSTEM
Mission: The Eole experiment consisted in launching,
interrogating and tracking 500 constant-level balloons
in the Southern Hemisphere lower stratosphere (nominal
\
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flight level: 200 mb). The EoIe satellite, specially designed
for this application, performs the following functions (Fig.
V. I):
- contact successively each individual platform, without
a priori information regarding its location.
acquire and store navigational data allowing to
compute the location of each platform at the time
of interrogation.
- acquire and store meteorological data measured by
the platform sensors.
The satellite was placed on a slightly elliptical orbit
of inclination i = 50° over the equator to cover most of
the earth's surface from 75°South to 75°North and
interrogate each platform several times in succession
(up to six successive interrogations for platforms located
in the latitude band 30° to 60 South).
Main characteristics: The main experimental equipment of the Eole spacecraft consists of a 402-462 MK2
UHF interrogation reception package with a helical
0
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antenna permanently oriented towards the earth by
passive gravity-gradient attitude stabilization.
This t\l'o-ll'ay coherent link between the platform
transponder and the satellite, allows a very precise
measurement of the propagation delay (range r) and the
Doppler shift (range rate r). These measurements,
together with a determination of the time and position
of the spacecraft with respect to geographical coordinates, provide simultaneously t\Vo different locations of
the platform. Knowing in addition the altitude of the
platform, one can then determine its geographical location with a good accuracy (see 3.3 below). Because the
range and range rate system requires a two way radio
link, the platform equipment includes a very complex
telemetry receiver on each balloon, which turned out
to be a very delicate and expensive electronic package
(Fig. V.2a).

pulsed signals at random intervals (Fig. V. 2 b). The
degradation of the geographical accuracy (10 to 20 km
expected for a balloon) is compensated by the fact that
these transmitting beacons are fairly inexpensive. This
random access Doppler navigation technique has been
selected for future applications (Nimbus-F, prototype
(1976) and the following nos series (Masterson, 1970»).
TABLE V.I
Evolution of platform location and data relay techniques
(Morel, 1972)
Year

69

71

74

76

System

bus JII
IRLS

bus IV
IRLS

Eo!e

Nimbus-F

U.S.A.
operationa!
satellites

Principle of
platform
location

Range
r only

Range
r only

Range
and
range
rate
(r, ;.)

Range
rate
; only

Range
rate
; only

Number of
platforms

20

30

500

300

1000

Payload
weight (kg)

45

5

3

1

1

Peak radiated
power (watts)

25

6

5

I

2

50.000

20.000

10.000

2.000

2.000

Nim-

70

Nilll-

ANTENNA

Message
Restitution

Cost per
platform
(U.S.A. $)
Figure V.2a

Block diagram of the Eole balloon platform electronics sub-system
ANTENNA

3. MAIN RESULTS

3. 1 The Eo1e Balloons

Figure Y. 2 b

Block diagram of the RA MS balloon plalform
electronics sub-system (random access).

Comparison with other techniques

A perfectly good fix could also be derived from several
successive range rate (r only) measurements taken on
different successive positions of the satellite. The accuracy
is thus as good as the stability of the reference oscillator
against which the Doppler shift is measured. This
technique (Random Access Measurement System or
RAMS) would allow replacing the complex balloon
transponders by a much simpler beacon, transmitting

The Eole balloons were designed to float on an isopycnic surface at the p = 0.32 kg m- 3 density level,
corresponding to p = 200 mb in the standard atmosphere,
that is an altitude of approximately 12.000 m. Their
constant volume is obtained by stressing an inextensible
spherical polyethylene-terephtalate (Mylar) envelope with
an overpressure of the order of 10% of the outside atmospheric pressure.
Launching rate: 479 Eole balloons were released from
three launching sites located in Argentina. The distribution was as follows:
Mendoza (33°S, 69°W):
100 balloons
Neuquen (39°S, 68°W):
205 balloons
174 balloons
Lago Fagnano (55SS, 67°W):
The locations of the launching stations were chosen
to ensure a good coverage of the Southern Hemisphere
(except the tropical regions).
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The launching operations were conducted during the
Southern Hemisphere Spring, from late August to late
November. The planned launching rate was 9 to 12 balloons a day (3-4 balloons per station) but the actual
average was less than 5 balloons a day due to the meteorological conditions prevailing at the launching sites
(clouds, wind too strong). It seems in any case that in
an operational environment, an average of 2 balloons a
day for one station is a maximum (Sitbon, 1972).

Balloon lifetime: A maximum of 280 platforms in
operation was reached during the month of November
1971. With the end of the launching phase in December,
the number of balloons started to decrease according
to an exponential law with an effective mean lifetime
.)f 100 days (Fig. V.3). We may note that 19 balloons
are still in operation at the beginning of October 1972.
Cause offailure: The icing problem remains the main
cause of balloon failure observed during the experiment
(40 to 50%) especially above the active convective areas
(South America, Central Africa and middle of Pacific
Ocean) (Sitbon, 1972).
Electronic fail ures, which are probably due to the
severe environment (+ 20°C during daytime, down to
-- 80°C during night), are difficult to evaluate but seem
to be less common than icing.
In spite of the frangibility of payloads due to aircraft
safety requirements (Morel, 1970) the failure rate during
launching was less than 3%. Balloon leaks remained
also exceptional (less than 2%). This is due to the
special launching hangars built for envelope inflation
and final assembly with complete protection from the
outside environment. With this technique, the balloon
is never exposed to aerodynamic buffeting (which develops
pin-hole leaks) even during the launching operation.
NUMBER OF BALLOONS IN OPERATION

300
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level balloons are well known. The transparent mount
with a microbead thermistor developed and tested during
the preliminary Eole flights (Fourrier, Morel and Sitbon,
1970) showed the possibility, with reasonable care and
a suitable exposure, of measuring the ambient air temperature to within ± 0.5°C. For a quasi-operational
system like that used in the Eole experiment, the accuracy
was rather ± 1°C and the frangibility of the sensors
leads to serious problems: 6% of the temperature sensors
were broken before launching and 17% after three months'
flight.

Pressure and supelpressure sensors: These two sensors
showed a rather small failure rate (5 to 6% for example,
after lOO days flight) while the ambient pressure could
be measured to within 2 mb.
Battel)' voltage sensor: The battery voltage sensor
proved the reliability of the nickel Cadmium battery
which operated at - 65°C without any significant problem (less than 1% failure rate).
3.3

Location Accuracy

The location of each platform is computed from the
satellite ephemeris and the range and range rate measurements (r and r), but it can be seen that two locations
essentially symmetrical with respect to the satellite ground
track could fit the same values rand r. The selection of
the proper balloon location can be reliably done in 95%
of the cases using trajectory continuity criterium. Next,
the effect of uncompensated platform displacement
during the satellite passage could easily induce a 10 to
50 km error. Thus, the location accuracy is particularly
improved by using the mean wind derived from the
raw Doppler data. This first estimate is then applied to
a differential wind correction matrix computed at each
balloon location for compensating the Doppler shift
error. One can thus determine the geographical location
of the platform with a 3 to 5 km accuracy (see for example,
Fig. V. 4 for a typical location error pattern).
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This is probably not the case when using the random
access navigation method where the non-simultaneous
and less accurate Doppler shift measurements could
easily lead us to an error of 10 to 20 km for a drifting
balloon (but much smaller for a slow moving buoy).
Balloon distribution: The Eole experiment has definitely
shown that the upper-atmosphere winds do not generally
cross over the equator (among 480 tracers released in the
Southern Hemisphere only 3 cases of a balloon crossing
into the Northern Hemisphere were observed).

The equal latitude distribution curves (Fig. V. 5) show
that a few weeks after launching, the zonal average
distribution for one launching station is essentially
flat from 20° to 60 0 S without significant clustering.

On the other hand, an important parameter for the
future Global Experiment sub-systems is the estimated
coverage distribution with respect to the horizontal
resolution, for a given number of operating balloons.
It has been stated by the lOC that one wind vector a day
by grid mesh (at least) is required for the modeller. In
this respect, we have done some statistics on the coverage
distribution for the Southern Hemisphere between 20°
and 70 S using the results of the Eole balloons averaged
over one month * (Fig. V. 6).
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Coverage distribution of Eole balloons between 20°
to 70 0 S (average over 30 days) Nov. 13 to Dec. 13.

01----'

We may thus hope a 70% coverage for a 1000 x
1000 km mesh size with only 200 tracers flying at the
same time (50% coverage with 100 balloons). Moreover,
it is easy to see (Fig. V. 6) that if the grid resolution is
divided by .. we need to double the number of balloons
in order to obtain the same coverage. It is then possible
to derive from these experimental results the estimated
curve for 400 balloons for example, just doing a straightforward translation.
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SOUTH LATITUDE-Figure V. 5

Latitudinal distribution of a set of 100 balloons
launched from Mendoza, Argentina, after various
flight times.

It appears that for the Global Experiment it would
thus be sufficient with only a few launching stations.

The latitude coverage distribution curves (Fig. V. 7)
are to be compared with the latitude distribution curves
for the same areas. They show that even if there is no
significant clustering, the tropical and polar areas
(outside 30° to 60° zone) remain rather poorly covered.

*

The same measurements averaged -over 2 months give essentially
the same results.
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Mean zonal and mean meridional velocities: The evolution of the mean velocity with respect to the latitude is
shown in Fig. V. 8. One can see for example, that during
the southern spring, the mean zonal velocities slow
down in the mid-latitudes, then the summer circulation
(December to March) shows a narrow zone (between 40°
and 50OS) with strong winds (well defined sub-tropical
jet) (Desbois, 1972). This corresponds fairly well with
the monthly mean flow stream functions. An example
is given in Figure V. 9 for January 1972.
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It is particularly difficult to derive a truly significant
mean meridional velocity because of the very large
instantaneous values which are usually found (15 m sec 1).
These latitude fluctuations of the tracers are due to the
large atmospheric waves of the general circulation and
are not representative of the mean meridional velocities.
Moderate smoothing of the latitude displacement for
each balloon trajectory does reduce this phenomenon
but the set of all smoothed trajectories still give large
differences. Further averaging over all the balloon
trajectories does bring out a significant mean meridional
circulation pattern with maximum velocities of ± 0.2 m
sec- 1 (Fig. V. 10). We may thus note that the tropical
Hadley circulation reaches the high latitudes in austral
summer (up to 40 S) when the Ferrel indirect circulation
becomes dominant. On the other hand, the winter0
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summer transition is particularly significant with the
substitution of the southern circulation (direct cell)
by the Ferrel cell.
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Figure V. 9

Mean Southern Hemisphere circulation stream function for the month of January 1972.
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APPENDIX VI
THE CARRIER-BALLOON -

OMEGA DROPSONDE SUB-SYSTEM FOR THE GLOBAL EXPERIMENT
by V. E. Lally
National Center for Atmospheric Research
Boulder, Colorado
(December 1972)

I. INTRODUCTION

The superpressure balloon is presently capable of
carrying modest payloads (100 kg) in the stratosphere
for periods of more than two months. This capability
can be used to carry dropsondes for determination of
wind structure in the tropics. The major emphasis here
is on the use of the large superpressure balloon as a
carrier vehicle for a brood of dropsondes, a concept
known as the carrier balloon system.
2. THE CONCEPT OF THE BALLOON
CARRIER VEIDCLE
The COSPAR Working Group 6 recommendation
that a balloon carrier system be developed to obtain winds
with navigation-aid dropsondes was endorsed at the
Brussels Planning Conference on GARP in March 1970.
The concept which has been developed for the balloon
carrier system is described below.
Large superpressure balloons will be launched from
one or more tropical sites. The balloon will float initially
at an altitude of 23.4 kilometers to 24.5 kilometers as
dropsondes are dispensed. The balloon will be equipped
with a dispenser containing up to 100 dropsondes. The
balloon is expected to remain in the zonal flow of the
tropics with minimal latitudinal oscillations. The balloon
may slowly drift north or south, but should remain in
the tropics for six to ten weeks. Zonal velocity will
vary from 20-30 m/sec from the east, except for a few
months during the two to three year period of the quasibiennial oscillation when the winds may become westerly.
The navigation-aid dropsondes carried by the balloon
will use the Omega world-wide navigational system.
Eight stations will give global coverage. To navigate,
the signals from three or more stations are received and
phase-compared. The phase difference between one pair
of signals establishes hyperbolic Lines of Position (LOP's).
By proper selection of two pairs of signals, one common
to both pairs, the two groups of intersecting LOP's
establish fixes.
Upon command from a geostationary satellite (night
or day) a dropsonde will be released. This sonde will

descend at an initial velocity of 25 m/sec decreasing
to 6 m/sec as It nears the earth's surface. The dropsonde
contains a 13.6 kHz receiver; temperature and humidity
transducers; modulator and VHF transmitter. The
13.6 kHz signals from the world-wide Omega navigation
transmitters will be transmitted from dropsonde to
carrier balloon together with the telemetry signals. These
signals will be transmitted from the carrier balloon to
a wide-band receiver on the geostationary meteorological
satellite and then retransmitted to the ground. The
sounding will take 40 minutes for each sonde.
Phase comparison of the signals from the three Omega
stations provides incremental position readings from
which wind velocity is derived. Although the signals
from the sequentially transmitting Omega stations pass
through three links with delays of unknown amount on
each path, delays are equal for all signals and cancel
out. Since the switching sequence takes ten seconds for
the eight Omega stations and since smoothing and
narrow-band reception is required to minimize noise
due to sferics and ionospheric irregularities, small-scale
wind fluctuations will not be measured. Time of passage
through a 100 mb atmospheric layer will be three to
five minutes, and the mean wind for the layer should
be measured within 1 m/sec.
Since the Omega signals will be used to obtain dropsonde motion, but not absolute position, a separate
means must be used to determine the position of the
carrier balloon. This technique need only locate the
balloon to a 100 kilometer accuracy for the assignment
of the winds to a location. Twice-a-day positioning
using the random doppler system planned for U.S.
operational polar orbiting satellites will provide sufficiently accurate location.
3. STATUS OF DEVELOPMENT
The necessary elements of the carrier balloon vehicle
for tropical soundings are: a balloon that will fly for two
or three months with a payload of 75 kilograms; a trajectory that will maintain the balloon at low latitudes
for two months; an available command and retransmission system via synchronous satellite; a low-cost drop-
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sonde; and a means of obtaining acceptable winds from
the dropsonde using Omega.
Fourteen flights of over 30 days were made from
Ascension Island (8 S latitude) at 24 kilometers from
1968 through 1971. All remained in the tropical circulation for at least one orbit. The longer-lived balloons
remained in the tropics for an average of over two months
before drifting to the south. A launch site closer to the
equator should provide even longer dwell times.
The command and telemetry system to be used on
the SMS/GOES synchronous satellite is ideally suited
for command of drop and retransmission of data. Bit
rates (100 bits/sec) and power requirements (10-20 watts)
are reasonable for the system. By 1974, there will be
one or two SMS satellites in position, and by 1976-1977
a compatible Japanese satellite is hoped to be in operation.
The first successful long-duration flight of a carrier
balloon was made from Christchurch on I April 1971.
It disappeared into the Antarctic night on 7 June, on
its 68th flight day. Three additional flights with 75 kilogram loads were made from Christchurch in December 1971. The first flight had a defective inflation valve
and flew only five days. The remaining two balloons
flew for 91 and 160 days. A series of six flights is planned
from Toowoomba, Australia, in January 1973 for final
test of balloon design and performance.
Three areas of general interest are the expected useful
life of the balloon in the tropics, the dropsonde design
and the accuracy of wind determination by Omega.
Dropsondes of similar configuration are being designed
for aircraft use; and Omega wind accuracies are a vital
concern for shipsondes, as well as dropsondes.
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3. I

Useful Life of the Carrier Balloon

In an as yet not published paper, Passi and Solot have
analyzed the expected drift of a carrier balloon based
on 30 millibar wind data for the period July 1969 through
December 1970. All available radiosonde wind data
were used for tropical locations - an average of60 soundings per day. The analysis includes effects of random
meridional motion, average drift rate, and expected
balloon life including all failures after launch. The
analysis is conservative since the meridional winds are
hidden in the measurement errors for any individual
sounding. Actual flight performance may be considerably
better. For a balloon launched from the equator the
estimated average dwell time between 20 N and 20 S
latitude is 44 days.
The predicted history of a series of balloons launched
from the equator at a uniform rate over a period of
60 days is shown in Figure VI.I. The curves are biased to
the South since the 18 months of data analyzed showed
a 0.3 m/sec drift from north to south even for latitudes
north of the equator. Is this drift real? It appears to
be real for this 18 month period even though buried in
noise. We must await the extensive flight test programme
of 1974 for definitive answers. It appears prudent to
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Figure VI.

The predictcd history of a series of ballons launched
from the equator at a uniform rate over a period of
60 days.

establish a launch site between 0° and SON rather than
several degrees south of the equator.
3 .2 Dropsonde Design
The dropsonde, in the form of a cylinder 50 cm in
length and 7 cm in diameter, will weigh less than 400
grams. It will be lowered to the ground from 24 kilometers in 40 minutes by a "cross" parachute weighing
less than 30 grams. The cross-parachute consists of
two rectangular sections of dimension 25 X 87.5 cm.
The maximum displacement of the dropsonde from
the carrier balloon will not exceed 100 kilometers in the
tropics. A power output of 100 milliwatts will be sufficient to provide an acceptable signal level for the
entire sounding. However, a power level of at least
500 milliwatts is planned since the power supply has an
excess capacity.
Simulation tests using actual dropsonde data from a
series of flights from Wallops Island have shown that
the altitude of the dropsonde can be computed more
accurately than it can be measured with a pressure element. The drag characteristics of the cross-parachute
are so consistent that the time of drop from balloon to
ocean surface can be used to define completely the timealtitude curve. For an actual flight using an AN/FPS-16
radar as reference, the standard deviation of altitude
was 24 meters.
Temperature and humidity sensors to be used will be
the rod thermistor and carbon element now employed
on radiosondes except that these elements will be controlled and standardized to eliminate individual calibration and lock-in.
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A new lithium primary cell has eliminated all power
problems for the system. A 55 gram battery pack
provides a 20 watt-hour capacity (over ten times our
need) and is 50% efficient at -60°C. Consequently,
there is no longer a need for temperature control of the
sonde prior to release and minimal requirements after
release.
Temperature, humidity and reference data will be digitized on the balloon and transmitted in place of Omega data
on every eighth or tenth transmission. Based on a number of dropsonde tests and a computer analysis we have
concluded that, if the altitude at release of the dropsonde
is known and the time impact is determined, the altitude
at any moment during the fall can be computed more
accurately than it can be measured by any pressure
transducer which is light enough and cheap enough to
use in a dropsonde. This is not, of course, true for an
ascending balloon with its variation in shape and drag;
nor is it true if the dropsonde falls through a cloud with
strong convection. Verification techniques are planned
in the computer programmes to flag any drop where drop
time, temperature and humidity data consistency indicate
passage through strong vertical convection.
3.3

Accuracy of Wind Determination from a Dropsonde
Using Omega

The results of our experience to date, using Omega
wind-finding equipment, may be summarized as follows:
(a) With acceptable signal strength from three Omega
stations, winds can be derived to an accuracy
exceeding I m/sec for a two minute average; and
3 m/sec for a one-minute average in the presence
of moderate sferics interference.
(b) Strong local sferics do not reduce accuracy of wind
determination as long as the frequency of strong
sferics pulses is no greater than two or three per
second.
(c) Diurnal shifts in propagation introduce wind errors
which do not exceed 1 m/sec and which are correctable.
(d) Propagation variations of short term (1-10 minutes)
cannot be filtered from wind measurements using
three stations, but can be reduced if four or five
stations are used. A realistic goal for a dropsonde
system is an error of 1 m/sec for two-minute averages.
(e) An Omega receiving antenna should be relatively
free of obstructions such as neighbouring antennas.
(f) Omega signal levels are much improved when
received on a dropsonde or a balloon over signals
received on the ground.
Fig. VI.2 is a wind profile obtained from the first
dropsonde flown. The Lake Charles radiosonde is
shown for comparison. The 15° difference in wind
direction at the upper levels is real, owing to a five hour
difference in time and a 200 kilometer difference in position.
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Fig. VI.3 is a plot of radar winds versus balloon winds.
The standard vector error was computed as 2.4 m/sec
for one-minute averages; the error for two-minute
averages was 1.4 m/sec.
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Omega winds compared with radar winds.

4. FUTURE PLANS

A major field test is planned for 1974 in which 20 large
superpressure balloons will be launched from an equatorial site, each carrying 64 dropsondes. Drops will be
made within range of the SMS synchronous satellite.
Data will be relayed from the balloon to the SMS to
Wallops Island and to Boulder for analysis in real time.
It is hoped that this flight programme can be conducted
during the GARP-GATE experiment in the Tropical
Atlantic.
A more ambitious programme is planned for conduct
during the Global Experiment in which drops would be
made over the Tropical Atlantic, Pacific and Indian
Oceans.

APPENDIX VII

PERFORMANCE CAPABILITY OF THE OBSERVING SUB-SYSTEMS FOR THE GLOBAL EXPERIMENT

Estimates of observational capability of different
components of the observing system proposed for the
Global Experiment are made on the following basic
assumptions:
1. to simplify the estimates It IS taken that observational points are uniformly distributed all over the
globe at a distance of 500 km from each other so
that the vicinity around each point forms an area
of 500 x 500 km 2 ;
2. only one observation per day is counted in such an
area. If more than one observation is performed
by the same observing sub-system at some level it
is still only counted as one. This simply implies
that data requirements for frequency of observation may be met at this level with better prospect
of success;
3. the observational requirements for reference variables set forth in Chapter 5 are treated as the lowest
limit that assures successful implementation of the
Global Experiment. In so far as accuracy requirements are concerned it is assumed that all kinds of
observations provided by the proposed observing
sub-systems will attain accuracy requirement level
by the initiation of the Experiment even though
the current accuracy for some variables is below
the minimum level;
4. it is supposed that the importance of measurement
for each particular variable is identical irrespective
of the vertical level to which it belongs and in what
area of the globe the measurement is made. Thus,
the amount of data specified in accordance with the
requirements, i.e., one observation a day at 7 vertical
levels with horizontal resolution of 500 km, is
taken as a reference data set for the Global Experiment.
It can readily be found that 2040 points cover the
whole globe and the observational requirements might
be interpreted as the need for measurement of all specified variables, i.e., wind, temperature, humidity and
surface pressure at 2040 points and sea-surface temperature at the points located over oceans (seas).
The whole globe in further consideration is divided
into three specific regions:
(i) Northern Hemisphere extending from the North
Pole to 20 N
(ii) Tropical zone bounded by 20 N and 20 S
(iii) Southern Hemisphere from 20 0 S to the South Pole.
0

0

0

It appears that 671 observing points are required at
one level for each of the hemispheres and 698 points
in the tropical zone. The total number of observations
for each variable is given in Table VII.!.
TABLE VII.I
Number of observations needed for specified variables
in accordance with data requirements
Northern
Hemisphere

Tropics

Southern
Hemisphere

Globe

Wind

4.697

4,886

4,697

14,280

Temperature

4,697

4,886

4,697

14,280

Humidity

1,342

1,396

1,342

4,080

Pressure

671

698

671

2,040

Sea-Surface
Temperature

234

547

547

1,328

11,641

12,413

11,954

36,008

Variables

Total amount

It is worthwhile pointing out that according to assumptions made above direct relationship exists between the
amount of data supplied by an observing sub-system and
extension of the area where GARP requirements for a
specified variable might be met by this sub-system.
Further assumptions are made in connexion with the
discussion on particular observing sub-systems considered
below.

(a)

WWW Upper-Air Observation
(i) The WWW upper-air observation meets all
the specified requirements for GARP except
the horizontal resolution.
(ii) All data from existing and planned stations
will be available during the Global Experiment.

The capability of the WWW upper air-network was
evaluated from information available in the WMO
Secretariat. It was found that the network comprising
existing and planned upper air stations may meet the
GARP requirements over 73% of the area in the Northern
Hemisphere, 19% in the tropics and 13% in the Southern
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Hemisphere. This implies that the same percentage of
data may be obtained with respect to the total amount
required from each particular region *.

(b) WWW Surface Observation
The assumptions made for this network are the same
as in (a) above. The global coverage of surface data is
slightly better than for the upper-air network.
(c)

Observation from Merchant Ships
(i) surface observations of wind, air temperature,
pressure, humidity and sea-temperatures will
be available during the Global Experiment.
The measurements of the latter parameter
have been considered as optimal in ship messages so far; some efforts are needed from
the WMO side to include them as compulsory
in messages during the Experiment.
(ii) regions from which observations can be
obtained with one hundred percent probability once a day are considered.
It appears that merchant ships might provide 23%
(i .e., cover 154 areas) of surface observations in the
Northern Hemisphere and 10% (69 areas) in the tropical
zone. The amount of data in the Southern Hemisphere
is neglible.
(d)

Observation from Aircraft
(i) aircraft routes over sparse data areas (oceans)
only were considered along which the observations might be made with a hundred percent
probability once a day.
(ii) observations refer to the 200 mb level and
each report covers an area of 500 x 500 km 2 .
(iii) all reports will be available during the Global
Experiment.
The AIREP report is known to contain temperature
and wind observations as well as some others that are
not important from the viewpoint of GARP requirements.
It was found that aircraft observations may cover 63
areas of 500 x 500 km 2 over sparse-data areas in the
Northern Hemisphere and 40 areas in the tropical zone.
This corresponds to obtaining 9% and 6% of data
respectively for each variable at the level concerned.
Only few observations may be received from the Southern
Hemisphere.
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80% for the Northern and Southern Hemispheres and 95% for the tropical zone.
A temperature sounding implies the determination of
temperature at six levels (except for the air-surface
temperature), sea-surface temperature and two parameters of humidity.
The above estimates result somewhat from a simulation study by A. Glaser et al. with regard to the capability
analysis of a side-scanning VTPR sounder with a field
of view at a sub-point of 60 km that is considered to be
flown on ITOS-D.

(f) Observation from Geostationary Satellites for the
Global Experiment
(i) only wind data can be obtained from satellites
(ii) four satellites will be available during the
Experiment
(iii) these satellites are suitably spaced and provide
reliable wind determination with a field of
view ranging from 40 N to 40 o S.
The preliminary statistics obtained from the material
available for the Basic Data Set Project demonstrated
that on average four satellites may supply:
(i) 90% of low-level wind data (within the layer
of 800-900 mb) in the tropical zone and 80%
of wind data in the Northern and Southern
Hemispheres. This means that observations
will be available from 628 areas in the tropical
zone and from 245 areas in each hemispherical band, i.e., 20 N - 40 N and 20 o S40 o S.
(ii) 45% of upper level wind data referring to
200 mb level in the tropical zone and 30%
for both hemispheres. In other words, they
cover 314 areas in the tropical zone and 92
areas in each of the hemispheres.
0

0

(g) Constant-Level Balloon Observation
(i) air temperature, pressure and altitude as well
as the successive position of the balloon from
which wind can be derived is known.
(ii) 450 balloons are launched from proper sites
so that they are randomly distributed at
200 mb level in the Southern Hemisphere
extending from 20 S to 90 o S. This number is
unchangeable during the whole experimental
period.
(iii) On account of the fact that one particular
balloon communicates at least four times a
day or more with the polar orbiting satellite,
and on account of the random distribution
of constant level tracers and their probable
velocity, it has been found (Eole experiment)
that 70% of all 500 x 500 km 2 areas will contain at least one observation per day.
0

(e)

IR-Sounding from Polar-Orbiting Satellites
(i) two polar-orbiting satellites with side scanning
capability provide a complete global coverage
a day.
(ii) the mean probability of success in sounding
once a day through the cloudy atmosphere
within an area of 500 x 500 km 2 is taken

• Assuming 100% implementation of all plans and meeting all
relevant specifications of the WMO Technical Regulations.

0
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The net capability of 500 balloons in getting one measurement in a 500 X 500 km 2 area per day is equivalent
to the performance of observations in 470 areas.

requirement with carrier-balloons, 698 observational
areas should be covered in the 20 0 N - 20 0 S zone. This
will be the case if a fleet of about 310 carrier-balloons
are in the air during the Global Experiment.

(h) Buoy Observation
(i) drifting buoys are used in regions of persistent
cloudiness in the Southern Hemisphere;
pressure, air and sea surface temperatures are
measured with buoys.
(ii) as a result of clustering and removal from the
region by currents, the efficiency of the buoys
covering the area under consideration is taken
as 90%.
The low probability in getting temperature sounding
(about 0.5-0.7) is observed in the 50 0 S - 65°S band
ensuing from the existence of persistent clouds over that
area of the Southern Hemisphere. In order to obtain
full coverage in the region under consideration, 160
buoys will be needed during the Global Experiment.
If this is the case, the buoys may cover 144 specified areas
providing 21 % of the surface data for temperature and
pressure, and 26% for sea surface temperature.

The observational capacity of observing sub-systems
with regard to the output of amount of observations for
specific variables is shown in Table VII .2. The first, third
and fifth columns of the table give the number of observing areas covered by the different observing sub-systems
for each variable.
The second, fourth and sixth columns present the same
values but in percentage with respect to the total amount
of observations required in the region under consideration (see Table VII.2).
In spite of the fact that the total amount of data for
some variables exceeds 100%, data void areas may exist
in some parts of the globe because of substantially nonuniform distribution of observing platforms and differences in their capacity.
To identify areas where data would be lacking and
areas where redundancy occurs, an estimate of data
distribution is made for:
(i) areas with a WWW surface and upper-air network
that meets GARP requirements. The observations
provided by other observing sub-systems result in
the appearance of data redundancy. These areas are
referred to as dense-data areas and they are mainly
located over the continents;
(ii) areas without a WWW network where the required
observations may be obtained only from space-based
sub-systems or those specifically designed for the
Global Experiment. These are usually referred to as
data void areas and they mostly extend over oceans;
(iii) for the presentation of vertical data distribution, the
atmosphere is divided for simplicity into seven
uniformly located layers (one observation within
each layer) corresponding to the number of obs.ervations specified in the requirements.
Figures VII.I, 2 and 3 show the spatial coverage (in
percentage) of the wind and temperature data provided
by the different observing sub-systems over the dense
and sparse data areas.

(i)

Observation from Carrier-Balloons
(i) carrier-balloons are used in the tropical zone
from 20 N to 20 S;
(ii) on average a carrier-balloon covers 3 areas
of 500x 500 km 2 per day and launches 3
dropsondes on its way (it is assumed that
wind speed at 30 mb level might be about
60 km/hr on average);
(iii) the efficiency of the balloons is taken as 75%
because of possible clustering and leakage
from the zone concerned;
(vi) 200 carrier-balloons are in operation at any
one time in the zone.
Under the above assumptions the number of observational areas that the balloons may cover is around 450.
Counting that a dropsonde can carry out a complete
sounding of wind, temperature and humidity, this subsystem might provide 65% of the data in the tropical
zone. In order to fully meet the horizontal resolution
0

0

KEY TO SYMBOLS USED IN FIGURES VII. I , 2 alld 3
Spatial data coverage that may be provided in a layer by one observing subsystem
Missing data coverage in the stratosphere
from the WWW network
Spatial data coverage that may be provided concurrently by two sub-systems
(redundant coverage)
Spatial data coverage that may be provided by three sub-systems

5.

I~~~~D~~~

6.1--------J

Spatial data coverage that may be
obtained dynamically from temperature
profile and reference level observations
Data vo id areas wh ich part ially can be
remedied by increasing the frequency of
observations

Capital letters denote the following observing sub-systems:
A
B
C
G
M

-

aircraft
buoys
carrier balloons
geostationary satellites
merchant ships

P - polar orbiting satellites
S - constant·level Isuperpressure)
balloons
W - WWW surface and upper-air
network
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Figure VII. I

Spatial coverage of wind (upper figure) and temperature (lower figure) provided by different observing systems as well as
winds that might be derived dynamically in the Northern Hemisphere (20oN-900N).
For each level in the vertical (4 in the troposphere and 3 in the stratosphere) the coverage is expressed in percentage of the
required horizontal coverage. The dashed vertical lines indicate the coverage which will be provided by the existing and
planned WWW upper air network.
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Spatial coverage of wind (upper figure) and temperature (lower figure) provided by different observing systems in the
tropics (20oN-200S).
For each level in the vertical (4 in the troposphere and 3 in the stratosphere) the coverage is expressed in percentage of the
required horizontal coverage. The dashed vertical lines indicate the coverage which will be provided by the existing and
planned WWW upper air network.
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SOUTHERN HEMISPHERE (20 0S-900S)
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Figure VII. 3

Spatial coverage of wind (upper figure) and temperature (lower figure) provided by different observing systems as well a~
winds that might be derived dynamically in the Southern Hemisphere (20 0 S - 90 0 S).
For each level in the vertical (4 in the troposphere and 3 in the stratosphere) the coverage is expressed in percentage of the
required horizontal coverage. The dashed vertical lines indicate the coverage which will be provided by the existing and
planned WWW upper air network.
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TABLE VII.2
Amount of data supplied by different observing sub-systems for specified variables
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APPENDIX VIII

1. INTRODUCTION
The purpose of this Appendix is to present the current
information on the chains of data processing for each
major observing sub-system that are working now in a
prototype mode or that are expected to work for the
Global Experiment, based on the best estimates that can
be made at this time. This information was obtained
directly from those concerned with the various observing
sub-systems. It is presented here more in the form of a
model than any recommended structure. That is, it
seems clear that a great deal of evolution will take place,
as we learn better how to use the data optimally from the
advanced observing sub-systems as they come into operation, and it is likely that there will be considerable changes
in the processing schemes outlined in the body of this
report. The model schemes presented here, however,
serve to illustrate the general framework of the processing
schemes and also to illustrate some of the basic assumptions made concerning the entire processing system, as
outlined in Chapter 8 of this publication, namely:
- the processing for each observing sub-system begins
with those actually responsible for the operation of
the sub-system
- as the processing develops, additional information
must enter, for purposes of supplying needed auxiliary
information or for purposes of checking
- data from many processing chains are merged finally
to produce the internally-consistent global data sets.
This Appendix also analyses the volume of data flowing
in each chain, so as to estimate the volume of data that
should flow on the WWW GTS, and that also might
have to flow via special arrangements. These estimates
are based on current or projected practice for the near
future, and may have to be reviewed as more and more
advanced observing and processing systems come into
routine operation.

2. SURFACE-BASED WWW NETWORKS
Processing of observations from the surface-based networks follows procedures agreed upon through the WMO,
and is the responsibility of the national meteorological
services. These procedures are adequately described in
various WMO-WWW publications and will not be summarized here. Suffice it to say that these data flow through
routine channels and will be available for use during the
Global Experiment.
The processed data are exchanged on the WWW
Global Telecommunication System (GTS) and are used
at the Regional Meteorological Centres (RMCs) and the
three World Meteorological Centres (WMCs). The

system of RMCs and WMCs and the GTS form the
basis for collecting and further processing for the Global
Experiment of the meteorological parameters derived
from the various observing systems. However, the
practical extent to which they will be able to take on any
extra responsibility for the Experiment must be evaluated,
and provision made well in advance for any additional
capability needed.

2. 1 Collection and Handling of Data at the WMCs
The major functions of the WMCs are real-time
operations: preparation of analyses and prognoses and
alerts of important meteorological phenomena, and providing these products promptly to appropriate centres
for transmission. The WMCs also have non-real time
functions, which include the storage and provision for
retrieval of basic observational data and processed
meteorological and oceanographic information.
The operational functions, in particular the operational
cut-off times for the preparation of analyses and prognoses, impose important boundary conditions on the
functions of the WMCs with respect to the handling of
incoming data. For example, data that arrive at a
WMC after the fixed cut-off time cannot be used for the
routine WMC functions, and generally there is no standby storage or excess computer capability to use such late
data. Therefore, if the WMCs are to provide for reprocessing of data for the Global Experiment, on a delayed
schedule as recommended, some temporary storage of
data will be required and the necessary additional computer capability will have to be arranged.
Another problem that has been noted at the WMCs
concerns data collected specially through voluntary
arrangements, for example report~ from aircraft. At the
present time, the WMCs cannot utilize all of this kind
of data that is actually received, and in fact some of the
data are not stored for later availability for research
purposes. As the WWW develops further, however, and
as the operational work at the WMCs increases in scope,
some of these deficiencies in handling all received data
may be overcome in the expansion of the working
capabilities of the WMCs. However, even by the time
of the Global Experiment it is likely that some special
efforts will be required to assure that all appropriate data
of research interest relating to the GARP objectives can
be processed and/or stored at the WMCs.

2 .2 Distribution of Output Products
In the WWW plan, it is the responsibility of the WMCs
to make available their products to meet the expressed
needs of the other WMCs, RMCs and also the National
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Meteorological Centres (NMCs). The amount of these
products as estimated for the 1971-1975 planning period
is large, and furthermore many of them are exchanged
in analogue or pictorial form. This fact is very important
to bear in mind when calculating the volume of traffic on
the GTS, for the pictorial form of data transmission is
quite inefficient. There are moves toward using computer
controlled equipment to receive such data in more compact form, such as through use of the GRID code, but
it must be assumed that some pictorial data will continue
to be transmitted (e.g., surface maps).
Even though some increase in capability of the GTS
may be foreseen by the time of the Global Experiment,
it may be expected that the demands on the GTS will
also increase, probably in the same proportion. It is
therefore probably optimistic to expect any large amount
of unfilled slack time on the GTS, and the needs for the
Experiment must consequently be forecast with some
accuracy and the priority established for the transmission
of any volume of data not specifically required operationally by the WMCs.
3. OPERATIONAL POLAR ORBITING SATELLITES
3.1

General

Operational polar-orbiting satellites are expected to
carry by the time of the Experiment two major sensing
systems that will be analysed here:
(i) multi-channel sounders for the determination of
temperature and humidity profiles; these instruments
will contain supplementary channels for detection
of clouds in the field of view and estimation of their
amount, type and level. The sounders will be of
high spectral resolution and will have a spatial
resolution of 30-40 km for radiation emitted from
the troposphere, and 200 km for stratospheric
radiation. Some microwave channels may also
eventually be included.
(ii) multi-channel scanning radiometers to provide the
basic information from which earth/cloud images
will be constructed, and from which it will be
possible to derive radiation temperatures of the sea
surface and the upper boundary of the clouds, and
will allow discrimination between water and ice
clouds, and between cloudiness and snow/ice cover.
The instruments will be of low spectral but very
high spatial resolution (about 2 km).
3.2

Processing of Sounder Observations

It will be assumed that:
(i) the main steps of the collection and processing procedures will be approximately the same for the
U.S.A and the U.S.S.R. operational satellites; therefore, only one generalized processing scheme will be
discussed, with any special features noted pertaining
to either the U.S.A. or U.S.S.R. system.
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(ii) it is also assumed that essentially the same processing
scheme will be used for either infrared or microwave
observations; any special features will be noted.
In Fig. VIII. 1 is shown the generalized data flow,
with the various steps in the processing and their mutual
relationships. The three .data sets arising in this processing
scheme are:
(i) The actually measured spectral intensities at the
time and place of measurement; these are called the
"raw radiances".
(ii) The spectral radiation intensities processed to reduce
the contamination from clouds and/or aerosols, and
averaged over space domains of 200-500 km; these
are called the "sounding radiances".
(iii) Temperature and humidity profiles, geopotentials
(thicknesses) and sea surface temperatures derived
from the soundi-ng radiances.
3.2. I Pre-processing. This involves objective steps
that convert the telemetry signals into calibrated and
earth-located physical or meteorological parameters;
(i) reception of data at the Ground Command and
Acquisition Stations
(U.S.A.: Gilmore, Alaska; Wallops Island, Virginia);
(U.S.S.R.: Moscow; Novosibirsk; Khabarovsk);
(ii) technical quality control (identification of system
- noise, etc.); calibration procedures to convert telemetry signals to radiances;
(iii) earth location (i.e., coordinates of place of observation).
These steps will produce a set of calibrated and located
"raw" radiances, which must then be analysed further
to derive descriptors of the clouds in the field of view and
any other information needed to carry on the processing
to the next stage of derivation of useable physical
parameters. The radiances at this stage should be stored
by the agencies for future reference, and hence be available to research scientists for special studies.
The radiances must now be processed further, first to
make corrections for cloud effects, and second to derive
profiles (of temperature and humidity). Both these
products will be of interest for research studies and it
now appears that either will serve as suitable in put to
numerical models.

3.2.2 Correction of Radiances for Cloud Contamination. Where the satellite sounder views areas completely
free of clouds, clear-column radiances will be obtained
that will have the highest accuracy for derivation of
temperature and humidity profiles.
In regions where the cloud is very extensive and has
a high emissivity, the soundings will be obtained only
above the level of cloud top.
Probably the most prevalent situation will be scattered
clouds in the field of view of the sounder. Several techniques are being investigated to correct for or to remove

93

APPENDIX VIIl

receiving of the

telemetric

•
•

information

ingestion

..
....

1
I

calibration

•...

ra w
radia nees

..

information on
-.. data
quality and

instrument state

earth location
spectral

~

calibration
updating

sea surface

temperature
(radiometric)

sea surface

temperatures
from other WMCs

.....

L..
r'"

producing of
sounding radiances

.

....

selection of
Ilrawllradiances

I--

for archiving

and transmission

•

.. ~

r---

raW' 11

other satellites

lira"''' radiances
checking

Lt

11

radiances from

II ra ","
radiances
output for

4-

transmission

sounding
radiances from

other satellite
systems

, '"

1

I

1

checking of
sounding

•

archiving of
"raw radiances"

14-

radiances

Bound~ng

radian ces

production of
final sounding
radlances set

.... I

sounding radiancesl
---... output for
transmission

"First guess"

I

"first guess lt

field

..

.... f
Temperat ure
and humi dity
profi les

-..

..

I

fields from the
other WMCs

profiles from
other satellites
and obserVing
systems

__I Sounding radiances

....
....

I

production of the
final lIfirst guess ll
field

I
I

1

r

temperature and
humidity retrieval

....

...

quality control

formatting of
profiles for
archiving output

1
I

1

I

r
Figure VIII. 1

archiVing

output:
profiles: (coded)

1

Polar-orbiter sounders data processing.

.... 1
-..,

.......

information on

data quali ty

archiVing of
temperature and
humidity profiles

I

94

THE GLOBAL EXPERIMENT -

the radiance contamination introduced by scattered
clouds (cf. Appendix Ill). The aim of these correction
procedures is to derive equivalent clear column radiances
that can be used for the derivation of the most probable
temperature profile. In previous discussions of this
matter, the notation "clear column" radiances has often
been used to indicate the radiances derived from such
correction procedures.
Recently it was suggested to use the term sounding
radiance; this seems more appropriate to avoid confusion,
since the result of the correction techniques application
will be only a more or less realistic approximation to the
true radiances that would exist if no clouds at all were
present.
Since the sounding radiances will in general result
from some processing scheme, they will be representative
of a scale larger than the basic scale set by the field of
view of the instrument. It is assumed that a scale not
less than 200 km is probably suitable for the production
of sounding radiances; this figure is determined by considerations of how many individual soundings must be
processed to obtain a sounding radiance, and also by
considerations of data volume that will be practical to
handle.
The output product at this stage of processing, therefore, will be consistent sets of sounding radiances on a
scale of about 200-500 km.
If microwave sounding instruments are used, there
will also be some correction procedures necessary, but
they will differ from those needed for the infrared
observations. The microwave observations will be little
affected by many cloud types; only clouds with significant
liquid water content, or the presence of liquid aerosols
(e.g. rain), will contaminate the microwave radiances.
Correction procedures will have to be devised to reduce
these effects to acceptable levels.
The microwave sounder will have a much larger field
of view than the infrared sounder so that the probable
scale of the microwave sounding radiances may be larger.
This scale, however, cannot be specified with certainty
at this time.

3.2.3 Inversion of Sounding Radiances to Profiles
(Temperature and Humidity). The mathematical and
physical nature of the inversion process is discussed in
Appendix III. It suffices here to point out two cautionary
aspects:
(i) There are no completely objective inversion methods
- some assumptions have to be introduced. For
example, it is likely that an iterative process will be
used starting from a first guess field as shown in
Fig. VIII. I. This field will most likely be the
previous numerical forecast possibly updated by
whatever direct information is available. Various
feed-back loops will probably be used in this iterative
process, such as insertion of updated numerical
forecasts, etc. Also, provision will probably be
needed for insertion of some quality checking steps,
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such as vertical (hydrostatic) checks; consistency
checks of the horizontal fields; introduction of data
from other satellite systems, or non-satellite information, etc.
(ii) The temperature and humidity profiles obtained by
remote soundings are smoother than those measured
by radiosondes. The satellite data contain the
information on the mean temperatures and humidities
of certain atmospheric slabs rather than on the
values of these meteorological elements for specific
levels. However, it probably will be useful to
present derived temperature profiles in the same
form as radiosonde profiles, e.g., all the standard
levels and also a certain number (for example, 10)
of significant levels" derived from the constructed
profiles. This will make for uniformity in data
formats and will also facilitate the automatic decoding of transmitted messages by computers. For
humidity, reliable data will be obtained only in the
troposphere and the vertical resolution will correspond to only two or three mean slab values.
Inversion processing is planned to be accomplished in
the U.S.A. at the NOAA National Environmental
Satellite Service (NESS) and in the U.S.S.R. at the
WMC Moscow and the RMCs at Novosobirsk and
Khabarovsk. In the U.S.S.R., all three groups will
carry out all the calculations using the same computational procedures and will probably exchange their
results (spectra, profiles) for comparison.
Output products from this stage will consist of profiles
of temperature, humidity and geopotential on the standard levels (probably with some signicant levels). Quality
descriptors should also be included.

3.2.4 Estimates of Processing Time. For the recently
implemented U.S.A. operational sounder system on
NOAA-II (ITOS-D) it was estimated that processing for
each orbit will take about 20 minutes on the current
computer complex (EMR-6l30; CDC-6600). The sounder
systems will have higher spatial resolution and contain
many more channels. Thus, the processing load will be
greater, but it can be expected that computer speed will
also have increased so that the total processing time may
not be much different than the estimate above. In any
case, however, it appears safe to expect processing times
shorter than the satellite orbital period (90-120 minutes)
so that there should not be any danger of data accumulation.
3.3

Processing for Sea Surface Temperature T ss

Fig. VIII. 2 shows the processing scheme for T ss from
the infrared radiometric data from the U.S.A. ITOS
satellite system. The three main units in the flow
diagram are:
* Satellite sounders will probably not provide significant level data
directly, except possibly for the tropopause.
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3.3. I Pre-Processing. This includes the usual procedures of translating telemetered radiometry signals into
calibrated intensities and providing the time and location
of each observation. The processed data are stored on
magnetic discs and called for as needed in the further
processing stages.

3.3.2 Detection and Measurements. In this stage,
identification of ocean locations is made (e.g., land areas
rejected). Tests are applied to discriminate between
clouds and no clouds. Sample frequency distributions
are made and smoothed, which are used along with the
"cloud - no cloud" tests mentioned above to select the
most reliable measurements. Some atmospheric effects
(e.g., water vapour absorption) now must be corrected
for. This correction procedure will be improved for
later satellites when simultaneous temperature and
humidity profiles will be available.
Then the T ss are computed on a scale of about 100 km
and daily maps are produced.
3.3.3 Quality Control. T ss data from other sources
(mainly ships) are used to check the results.
3.3.4 Future Improl'ements. Future satellites will
have multi-spectral radiometers so better discrimination
will be possible for cloud - no cloud, and detection of ice
cover. In particular, areas with stratiform overcast
clouds will be better identified and rejected. The spatial
resolution will also increase, thus increasing the probability of finding cloudless areas. Finally, as projected for
the U.S.A. operational satellites in 1976 et sequia, there
will be much related data available and the processing
will be done integrally for better determination of T ss .
The possible future processing scheme is shown in
Figure VIII. 3 incorporating these improvements.
Microwave radiometric data may also be used in the
future, with the same general scheme. The microwave
technique will alleviate the problem of removal of cloud
influence. On the other hand, the microwave emissivity is
more sensitive to sea state than is the case in the infrared,
and some additional quality control information may be
necessary.

3.3.5 Processing Time. Current processing takes
about IS minutes per day, using a CDC-6600 computer.
The improvements mentioned above will increase the
processing load, but this will probably be offset by
increases of computer speed so that it can be expected
that processing of the T ss data will not be any special
problem for the Global Experiment.
3 .4

Data Volume

3.4.1 Sounders. Estimating the amount of information for each of the three kinds of output, we will count 4
bits per figure (character), thus assuming that information
is in a binary form. The information amount in the
alpha-numeric form (international alphabet) will be considered below in section 3.5.
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For the first kind of output ("raw radiances") we
obtain about I0 6 spectral measurements per orbit (assuming that the Global Experiment sounding systems will
have a nadir resol ution of 30 km and 15 spectral channels).
Taking 5 characters needed per measurement, and on the
average 4 bits per character, we will have 2.10 7 bits/orbit.
As far as the sounding radiances are concerned, the
information amount will depend on the scale on which
these radiances will be produced. We consider two
cases:
(i) scale of 200 km; as discussed in section 3.2.2 above
it is more likely that representative sounding
radiances will be produced on this scale;
(ii) scale of 500 km; this is the horizontal resolution
needed to fulfil the GARP requirements for temperature and humidity observations.
Other scales (for example, of 300 km) will possibly be
used. We will restrict ourselves to the two scales mentioned; for intermediate scales the information amount
can be easily calculated. As before, the quantity of
spectral intervals is assumed to be IS. This will result in
about 10 6 bits/orbit for 200 km scale and about two
hundred bits/orbit for 500 km scale.
Profile information is assumed to be represented in a
standard form. We assume that temperature and geopotential will be reported for 25 levels (7 characters per
level) and humidity values - for 5 levels (3 characters
per level). This will amount to about 204.10 6 bits/orbit
on a 200 km scale; on the GARP grid-scale of 500 km,
the volume will be 004·\06 bits/orbit *.
Fig. VIII. 3 summarizes the information volumes for
several types of output, assuming 14 orbits/day. This
constitutes two global fields. According to the GARP
requirements only one global field is needed, but we
should take into account that two satellite systems
will produce data sets which will not be quite similar.
Thus it might be worthwhile for users to obtain both
these sets.
The number of orbits per day depends on the orbital
parameters, but will not exceed 14-15.
The figures in Table VIII. I are derived assuming that
all data taken are useable, i.e., that cloud correction is
made successfully for all observations. The actual volume
to be expected will be somewhat less than shown **.

3.4.2 Sea SUlface Temperature T ss . Table VIII. I
also includes estimates for T ss volume on the basis of
once per day. The table shows the maximum possible

*

**

The number of levels given here is certainly approximate. It
depends on the message format to a great extent. If more or
less standard format (for example, like TEMPSHIP) will be
accepted, this quantity would be about 20-25. It will possibly
be about half as much if only the information which actually is
contained in satellite observations would be transmitted using
a special format.
The above discussion does not take into account possible reduction of data amount by elimination of overlap between orbits
at mid and high latitudes.
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TABLE VIlLI
The orbital and daily information amount for the various types of
output of polar orbiting satellites data processing

Type of output
(parameter, horizontal resolution)

Information amount
(bits)
orbital

I

daily

I. Spectral radiances from each obser-

vational area (resolution 30 km in
nadir, 80 km at the scan edges)

2· 107

2.8.10 8

1.0.10 6

1.4.107

1.7.10 5

2.3.10 6

4. Profiles; 200 km x 200 km
observational areas

2.4.10 6

3.4-10 7

5. Profiles; 500 km x 500 km
observational areas

0.4-10 6

5.6.106

2. Sounding radiances from
200 km x 200 km observational
areas
3. Sounding radiances from
500 km x 500 km observational
areas

6. Type 2

+ Type 4

3.4.10 6

4.8.10 7

7. Type 2

+ Type 5

1.4.10 6

2.0· 107

8. Type 3

+ Type 5

0.6.10 6

8.4· 10 6

9. Sea-surface temperature for the
areas 100 km x 100 km (as in
the existing processing)
10. Sea-surface temperature for the
areas 500 km x 500 km (GARP
requirements)

This data exchange, however, cannot and should not be
implemented via the Global Telecommunication System
(GTS) since it would be necessary to transmit a tremendous amount of information (cf., Table VIII. I). Therefore the exchange of these data should be organized
between processing centres using special telecommunication links. The volume of the information to be transmitted will probably be limited to selected samples.
The exchange of sounding radiances was recommended
at lOC-VII, since some users (including the WMCs)
desire to receive measurements not affected by an inversion procedure and then to make the inversion themselves *. These data should be distributed on the scale
of 200-500 km.
The profiles should be disseminated for operational
use, and also to some research groups who may not wish
to use sounding radiances or may not be in a position
to do so.
Table VIII.2 shows the times needed to transmit
various information. In deriving these times, a transmission speed of 2400 bits per second was used for
convenience; naturally, the times can readily be adjusted
to any other assumed signalling rate. However, it must

TABLE VIIL2
Time needed to transmit the various kinds of processing output
(assuming the transmission speed to be 2,400 bits/sec)

Type of output
(parameter, horizontal resolution)

Transmission time
(alpha-numeric code)
per orbit

-

-

4.10 5

1.6.104

volume, assuming all measurements are useable. Current
experience is that the average daily volume of useable
data is about 5-6· 104 bits/day for 100 km scale. It should
be pointed out that 100 km scale is used here simply
because it is applied in the schemes developed up to now.
It is important that even for this scale the information
amount is rather small. If other scales (for example,
500 km) will be used, this amount will be much smaller.
3. 5
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Data Exchange

The exchange of data of raw satellite radiances between
groups responsible for the sounders will probably be
worthwhile since several satellites or satellite systems will
produce the remote soundings that would be needed to
make a comparison of the measurements from the
different sensors as part of the processing programme.

I per day

Sounding radiances (200 km x
x 200 km); soundings (200 km x
x 200 km); line 6 of table VIII. 1

46 min

10 hrs
40 min

Sounding radiances (200 km x
x 200 km); soundings (500 km x
x 500 k01); line 7 of table V1Il.1

18 min

4 hrs

Sounding radiances (500 km x
x 500 km); soundings (500 km x
x 500 km); line 8 of Table VlII.1

8 min

2 Ius

Sounding radiances (200 km x
x 200 km); line 2 of Table VlII.1

14 min

2 hrs
40 min

Sounding radiances (500 km x
x 500 km); line 3 of Table VIII. I

3 min

40 min

• The sounding radiances (as it appears from current experience)
are also to some extent dependent on the processing procedure,
namely on the method of cloud contamination removal. These
radiances, however, should be considered as a better approximation to the actual state of the atmosphere than the derived
profiles.
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be taken into account that in actual practice these
effective times will have to be increased by approximately
a factor of 1.2, owing to the fact that the telecommunication lines cannot be in continuous operation. It is also
assumed that all data are transmitted in alpha-numeric
form.
The basic information contained in Table VIII. 1 was
used for these calculations; however, only several outputs
are represented in Table VIII. 2 including the two extreme
cases when both sounding radiances and derived profiles
are transmitted on the scales of 200 and 500 km,
respectively.
Table VIII. 2 shows that the transmission of data
according to the GARP requirements (500 km scale)
would take about 2 hours a day. In this connexion,
careful consideration is needed to estimate the possibilities of such transmissions. If necessary, studies must
be made of any compromises that may have to be introduced.
The time for transmission only of sounding radiances
is also shown merely to illustrate what part of the whole
transmission time this new type of information could
take. It can be seen that this would take about one
third or one quarter of the necessary time for the 500 km
or 200 km scale, respectively.
Time for transmission of sea-surface temperatures is
not shown in Table VIII. 2 separately since it is negligible
(only 1-3 min daily, depending on the horizontal resolution) with respect to the time needed to transmit the
profiles.
At present, no accepted codes exist to transmit the
temperature and humidity profiles obtained from satellite
measurements. Code TEMP SHIP with some modifications was proposed to be used and is used now as a
tentative version. As for sounding radiances, no proposals were made. It is logical to assume, however, that
this code would not be too difficult to elaborate. The
message would r.:ontain a number of groups (not more
than 5 figures each); this number has to be equal to the
amount of spectral intervals plus some additional groups
for satellite identification, geopotential coordinates,
quality tags, etc.
After assessment of the present status of data processing
for polar-orbiting satellites and consideration of the
possible future situation, we can conclude that:
(i) there exist processing schemes which can serve as
good prototypes of future processing procedures and
it seems clear that the operational data processing
of all data volumes will be feasible, especially bearing
in mind the use of next generation computers;
(ii) the operational transmission of certain global data
sets, adequate from the point of view of the GARP
requirements, seems feaSible under the assumption
that the planned GTS will be implemented by the
time of the Global Experiment period; some agreements on the transmission schedule and data priority

should possibly be reached; this especially relates to
the transmission of sounding radiances;
(iii) special arrangements are needed to organize the
exchange of "raw radiances" data between the processing centres.

4. GEOSTATIONARY SATELLITES
4.1

General

From the viewpoint of GARP, the geostationary
satellite sub-system is considered primarily as a tool that
will provide the wind observationJ in the tropical belt
(20 S - 20 N) and in the latitudinal zones from 20° to
40° in the Northern and Southern Hemispheres.
The most important thing in this connexion is that all
satellites will be equipped with both visible and infrared
sensors and the latter will have comparatively good
spatial resolution (6-10 km in nadir). This will afford
the opportunity, firstly, to make more accurate determination of cloud tracer heights and thus to define
adequately the wind level and, secondly, it is expected to
be possible to observe cloud motion and hence the wind
velocity and direction during night-time.
Geostationary satellites equipped with infrared instruments will also be an excellent tool to observe the seasurface temperature (Tss). The observations with a higher
frequency made from geostationary satellites may afford
an opportunity to overcome difficulties caused by cloudiness. Furthermore, in some cases it is easier to recognize
cloudiness using successive images, both in the visible
and infrared and analysing the brightness and temperature time and space variations for the same area.
We will, therefore, consider further the processing of
both visible and infrared data obtained from geostationary
satellites.
There are proposed plans to make vertical soundings
of temperature from geostationary satellites; however,
these plans are not yet definite and, if approved, would
only apply to research satellites whose initial launch
might occur after the beginning of the Global Experiment.
In view of this uncertainty, we will not describe here the
possibilities either to process the sounder data themselves
or to include this information into the radiometric data
processing for wind and sea-surface temperature determination.
0

4.2

0

Data Processing (Wind and Sea-Surface Temperature
Determination)

4.2. I

Present Status

It is not clear now whether it is possible to develop a
fully automated scheme since the problem of selecting
the appropriate targets is far from the final solution even
when a human participates in the decision making. It
should be mentioned, however, that recent experiments
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with a fully automated technique * show considerable
promise. Much work remains to be done to apply this
technique to the multi-level cloudiness and to wind
derivations using the upper-level clouds. A description
of the problems involved here is given in Appendix IV
of this publication along with the envisaged stages of a
man-machine processing system to derive winds.
In general terms, the following stages should be
envisaged (using only the images in the visible):
(i) earth location and correction (if necessary) of images;
(ii) selection and suitable (for computer input and/or
visual representation) registration of the images;
(iii) selection of suitable tracers;
(iv) measurement of the tracers' displacement;
(v) wind vector determination and mapping;
(vi) quality contro!'
When the infrared radiometers will be incorporated
into operational satellites, the processing will include
T ss and cloud height determination.
4.2.2 Possible Future Processing System
The infrared measurements will be used for cloud
detection and determination of wind level together with
their direct use for determination of temperatures of
radiating surfaces, in particular, .the sea surface. It may
also be possible to use the infrared images for wind
derivation.
On the other hand, the measurements in the visible
will be used not only for wind derivation but will also
serve as descriptors for cloudless area recognition in the
T ss determination programme (cf. Chapter 3, concerning
the T ss determination from polar-orbiter data). This will
govern the inter-relations between the wind and T ss
determination procedures and, more than that, will
possibly lead to the generation of a unified processing
scheme. In the ESRO document on meteorological data
processing methods ** the possibility of such an integrated
procedure was pointed out and the outline of a processing
scheme was proposed.
Fig. VIII. 4 shows a scheme similar to that indicated
in the above mentioned report. Some changes were
introduced, mainly relating to the content of specified
blocks but not to the configuration of the scheme itself.
The basic idea of this scheme consists of a mutual
processing of measurements in all spectral ranges
(possibly several in the visible and infrared) up to the
stage of pattern recognition, the first step of which
concerns detection of cloudy and cloudless areas.
Then the procedure is subdivided into two branches
and for cloudy areas the next stage of pattern recognition

*

J. Leese. Private communication, June 1972.
Ground facility for a geostationary meteorological
satellite system, the G FG MS Working Group Report, March
1972.

** GFG MS -
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(but using the descriptors computed on the previous
stages) serves to select the "best" cloud tracers, motion
of which would best correspond to the winds.
For cloudless areas over the oceans the conversion of
radiation temperature to the actual sea-surface temperature~ is carried out; characteristics of radiation temperature samples will most probably serve for this purpose.
In both branches, provision should be made for
inserting the results of sounder measurements (from
polar-orbiters) and some conventional meteorological
data (analyses and forecasts of winds, sea-state, etc.).
The input of data from other special observing subsystems (for example, carrier-balloons or buoys) should
also be envisaged.
The fundamental distinction between the two branches
lies in the time order of the basic steps. The selection
of cloud tracers in the "wind" branch can be made only
after the pre-processing and pattern recognition for a
certain sequence of "images" (by an "image" is implied
a set of measurements from the whole earth disc in all
spectral intervals).
The T ss determination, on the other hand, can be made
at the end of the processing of each image; thereafter we
need to consider only accumulation of results and replacing some of the previous results by the new ones
made in the final stage of processing (the T ss map
construction).
In Figs. VIII. 5 and VIII. 6 more detailed processing
schemes are given separately for winds and Tss determination. In these schemes the distinction mentioned above
is shown in an explicit form. The processing time will
probably also be distinct for these two schemes.
The T ss determination programme will probably be
less time consuming than the. wind programme since the
selection of appropriate cloud tracers (no matter what
procedure will be used - man-machine or fully automated) will take much more time than the simple
calculation of frequency distributions.
The present estimations give the value about 2 hours
for the wind determination scheme. Determination of
T ss will take about the same time as that for such determination from polar-orbiter measurements.
4.3

Data Amount and Representation

4.3.1

Winds

It is now assumed that in most cases it is possible to
measure wind speed and direction at the lower level for
most of the 200 km x 200 km area during one cycle of
measurements (e.g., by processing a certain finite sequence
of image). The probability of obtaining the wind
parameters for each such area is not equal to unity but
it is assessed as 0.9 for the tropical region and 0.8 for
mid-latitudes.
The duration of one cycle of wind determination
depends on the time needed to obtain a cloud image (it

attitude and
orbital
parameters

visible and infrared
radiometers' data

•

pre-processing

+

-.:

pattern recognition
1. descriptors
calcula tion

I~

~

-

geographical
and climatological data

....

~

~
pattern recognition
2. "cloud-no cloud"
decision making

cloud
tracers
selection

Conventional
wind and seastate forecast

.

I

-

-..

cloud displace
measurements
cloud heights
measurement
i

~

I

~

•

/

~

Cloud tops
radiances
determination

'C
rT1

Z
tl

X

clear areas
radiances
distributions

-

..

..-

•

winds
(output and
evaluation)

>'C

t

sea-surface
temperatures
(output and
evaluation)

cloud heights
(output and
evaluation)

~

...-

~

-..

•

other sea
surface
temperature
data (ships,
buoys,
forecasts)

...

polar orbiter
temperature
and humidity
soundings block

Figure VIII. 4

Processing of geostationary satellite radiometer's data.

o

102

THE GLOBAL EXPERIMENT -

OBJECTIVES AND PLANS

Telemetric

data from
satellite

•

attitude
and orbital
parameters

,Ir

••

pre-processing

formatting of
the earth scan
normalization of
raw count values
calibration using
sensors I temperatures
earth location
transformation

into physical
units

brightness

t.,

normalization;

limb darkening
corrections

storage and
roduction of the
image sequence

pattern
recognition

+

I
r

tracer selection

temperature correction
calculation; cloud

displacement and height
measurement

•

post-editing."

I
I

•

r-

+

wind
determination

•

quality control

I
I

information from
other sources

(sounding results
wind forecasts)

•

output

I

IWi~d values
pr~nt

Figure VIII. 5

I I

\
wind maps

Wind determination from geostationary satellite (processing scheme).

103

APPENDIX VIII

telemetric

~

data from
satellite

•

H

Pre-processing

formatting
the earth scan
normaliza ticD of
raw count values
call bra ticD using
housekeeping data
earth 10ea tiOD
transformation
into physical units

limb darkening

-

correction
brightness
normalization

•
clima tological and
geographical data

calculation of descriptors
and histograms for ocean areas

I

I

surface wind t
sea state
forecasts

III
to the
nephanalysis
and cloud
heights determination programme

c l ou d - no cloud"
selection

Il

I

I

P-

pre-retrieval
test

information
from Bounders:
tempera ture

histogram
buffer

..

and humidi ty
profiles

TB

descriptors
1I1ib rary n

storage

T
retrieval i
c8¥rections
calculation

daily map

•

frgm polarorbi tars

post-retrieval
test

•

I

retrievals
storage

I

(-

histogram
checking and
post retrieval
selection

I--

11

!
T•• pre 1 iminary
map or table
production

data from
other observing
systems

"first guess"
field

I
*)
I

t
Updating
"first guess"

T ss evaluation and
final editing

I

I

I

I
output

*) _ may be the part of "first guess" field in T aa retrieving procedure from
polar orbi ter satellite

**) - may be the same for polar orbiter and geostationary satellite data
processing programmes.

Figure VIII. 6

T ss determination from geostationary satellite radiometric data (processing diagram).

104

THE GLOBAL EXPERIMENT -

OBJECTIVES AND PLANS

is necessary to have at least two images). If this time is
about 30 minutes, then the wind field can be determined
every hour. There is certainly no need to make the wind
derivations with such frequency.
Besides, existing
experience shows that longer sequence of images should
be used to make more accurate target selection; for
example, it is estimated at NESS (Washington) that for
the best results the image sequence should consist of
5-7 images *. Hence the time period for obtaining the
necessary number of images will be 2.5-3.5 hours. This
is commensurate with the requirement for wind data
twice a day at twelve hour intervals (however, it remains
to be demonstrated that IR measurements alone will
also be appropriate to measure winds at night).
In practice, several tracers within each 500 km X 500
km area are usually available so that the number of
points where winds can be determined is about 1000 for
each satellite (for the low level). If there are sufficient
upper cloud targets, this amount could increase by a
factor of 1.5. Thus, we can take the number of wind
observations from each satellite as 1,500 for daytime and
1,500 for night-time (for the sake of simplicity, let us
assume that IR observations are as efficient as those visible).
At the present time, NESS in U.S.A. uses a special
code format to disseminate wind data obtained from
ATS satellite pictures. The principal feature of NESS
reports resides in the fact that low and high level winds
are transmitted separately in different messages. This
affords the opportunity to transmit wind data relating
to any number of levels. Each wind determination is
coded together with geographical coordinates, so that
10 characters are needed for one measurement. Since
these reports should be disseminated in alpha-numeric
form to be available all over the world for operational
purposes, the number of bits per character should be
taken as 8. This gives 80 bits per wind observation.
If the number of wind reports which can be expected
for one cycle of processing is about 1,500 (80 bits each),
then the information amount will be 1.2.105 bits.
If the observations are made twice a day, the total
amount of information from all five satellites will be
about 10 6 bits per day.

4.3.2

Sea-SUI/ace Temperature

For sea-surface temperature the amount of information
is still less. We assume that about 1,000 areas (500 km
X 500 km each) can be observed once a day from all
five satellites. Hence, if one measurement requires 3
characters to be represented (8 bits per character) the
total amount of information will be 3.104 bits.
Considering the observational areas of smaller sizes
(100 km X 100 km as in existing procedures), we obtain
as total information the amount of 7.5· 105 bits per day.

*

L. Hubert, private communication, June 1972.

4.4

Data Exchange

The telemetric information will be received at the
ground command and acquisition stations (Wallops
Island, Virginia, U.S.A., a station in Europe, a station
near Tokyo, Japan, and possibly a station in the
U.S.S. R.) and then for each satellite or satellites transmitted in the whole volume to the cognizant meteorological processi ng centres (NESS in the U.S.A., M IEC Meteorological Information Extraction Centre in Europe,
DPC - Data Processing Centre in Japan, and possibly
a processing centre in the U.S.S.R.).
After being processed in these centres the wind and
sea-surface values will be transmitteJ (together with
other operational products) via the GTS as these processing centres will be connected with the GTS Main
Trunk Circuit.
There are different viewpoints concerning the schedule
of processing and dissemination. For example, it is
proposed in the Report of the ESRO Ad Hoc Group *
that winds should be extracted continuously, that is, the
processing cycle shown in Fig. VIII. 5 should be repeated
with each new image appearance. It is assumed in the
above mentioned report that only then the required
coverage and density could be expected to be obtained
twice a day. As a consequence of this continuous processing procedure, there is a possibility of choice of the
frequency and time of dissemination. For the European
satellite, it is proposed to report the data at synoptic
times (4 times a day), and disseminate the reports before
the computer cut-off, about 02, 08, 14 and 20 GMT so
that each time the messages will contain data for the
previous 6 hours. Sea-surface temperature determination
will relate to the major synoptic hours 00 and 12 GMT
and will also be disseminated about 02 and 14 GMT.
In Japan, according to the plans, allowance is made
for wind field estimation for 00 and 12 GMT with the
dissemination of coded teleprinter messages (grid point
data) probably also about 2 hours after the indicated
times. For sea-surface temperature only transmission
in mapped form via satellite is envisaged; maps will be
transmitted once a day at 01.30 GMT.
In the U.S.A., the wind information from geostationary
satellites will also be disseminated several times a day.
Plans for the U.S.S.R. satellite are still being formulated.

It is clear, however, that since only a small amount
of information is contained in each operational cycle,
the dissemination of wind and T ss data will not present
a severe problem. For example, all wind information
from five satellites obtained twice a day requires a
transmission time of about 7.5 min per day. Thus we
may assume that with any procedure for dissemination,

*

Provisional meteorological satellite programme board, Report
of the ESRO Ad Hoc Group "Space Meteorology", ESRO,
May 1972.
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the time needed for transmIssIon of geostationary
satellite data will hardly differ from approximately ten
minutes, which appears to be quite negligible.
The following conclusions concerning the geostationary
satellite data processing can be made:
(i) information on winds can be processed so as to
obtain winds at least twice a day; the continuous
processing of cloud motions during all operational
cycles is also possible;
(ii) T ss data which will materially supplement the polarorbiter data can also be obtained continuously
together with images processing;
(iii) dissemination of winds and T ss data will not present
serious problems; some kind of agreement about
format of messages will certainly be needed;
(iv) the specific algorithms of winds and T ss derivations
which are or will be elaborated in different processing
centres should be consistent to provide the users
with uniform sets of data.
5. SPECIAL OBSERVING PLATFORMS
Several special observing sub-systems are now considered as necessary for the Global Experiment and
probably feasible during the time of its implementation.
Some of these systems are new and their development
and testing are underway; some are already in use but
the data collection scheme will probably be substantially
improved by using polar-orbiting or geostationary satellites. Certain ground facilities will also be used to
collect information (for example, as at present, to collect
information from automatic weather stations).
Table VIII. 3 contains a summary of possible kinds of
observational platforms and types of data collection
from these. The choice of the method of data collection
is determined by several factors: the quantity of platforms and information amount from each of them, the
geographical location, the required frequency of measurements, etc., but the method of data collection should
not in principle affect the type of data processing required.
The latter will depend more on the type of observation
and on what kind of observational platform the data are
obtained.
The observational platforms are naturally subdivided
into two groups: (I) stationary (fixed position), such as
land automatic weather stations and moored buoys; and
(2) moving, such as constant-level balloons, drifting
ice-automatic stations, drifting buoys, ships, etc.
The processing of stationary platform data does not
include the complicated task of position determination.
For moving platforms it is necessary either to make use
of special navigation signals (as in the case of Omegasondes dispensed by carrier balloons) or to locate the
platform using the signals transmitted by this platform
itself. Other processing stages are essentially similar for
both the stationary and moving platforms.

TABLE VIII.3
Summary of special observing platforms for the Global
Experiment and the type of data collection from these.

I~
Type of Platform

Polar
Orbiting
Satellite

GeoGround
stationary
Facilities
Satellites

x

Ca rrier- ba1100 ns /dropsondes
Drifting buoys

x
x

Moored oceanographic
buoys

x

Drifting ice-automatic
stations

x

Land automatic weather
stations

x

x

x

Ships (surface
measurements)

x

x

x

x

x

Constant-level balloons

Ships (upper-air
measurements)

x
x

x
x

At present there are no definite plans for the Global
Experiment concerning most of the observational
platforms listed in Table VIII. 3, and therefore it is not
possible to give firm information on the processing
scheme and data flow for these individual observing
sub-systems. Nevertheless, there has been experience
with some of these platforms in their development phase
and it is possible to suggest a generalized data processing
scheme, which is shown in Fig. VIII. 7. Since we are
mainly concerned here with special observing platforms
to be implemented for the Experiment, we do not include
ordinary remote automatic stations of many kinds
operated by many countries, for which the data flow to
the countries concerned are processed nationally and
distributed, if appropriate, along with the other routine
meteorological observations. Nor are we concerned here
with specially interrogated stations operated as part of
warning services.
It is assumed that it will be desirable to collect all the
data from each type of special observing platform at one
processing centre (preferably closely associated with a
WMC or RMC); this will facilitate the uniform treatment
of the data and in particular the use of additional information as may be required to derive internally consistent
data sets. However, for some of the special platforms,
for example, buoys and automatic stations, the centralized processing may not be feasible in practice and may
in fact not be as useful as it would be for such systems
as carrier balloons and constant-level balloons.
As shown in Fig. VIII. 7, there may be a need for some
group attached to the processing centre for some of the
systems, e.g., buoys and balloons, to monitor the status
of the sub-system and in particular the status of the
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deployment of the platforms. This will be particularly
necessary for the carrier-balloon sub-system since the
dropsondes carried by these balloons will be dispensed
on command over data void areas.
There will be some extensive tests of some of these
special platforms during GATE 1974, and during the
Data Systems Test in that period being organized by the
D.S.A. After such experience, it will be possible to
elaborate more surely the details of processing schemes
for each system. It should also be possible to clarify
such matters as the exchange of data between systems
associated with polar orbiting and geostationary satellites and also with surface-based systems, and the interactions between processing centres in different countries
associated with the same kind of special platforms, e.g.,
buoys and automatic stations.
Current estimates yield rather short processing times,
since at most a few hundred observations per day are
involved in any case of these special systems. However,
processing for constant-level balloons will be somewhat
more complex, since the balloons move with a velocity
that can compare significantly with the velocity of the
satellite receiving their signals. As shown in Fig. VIII. 7
provision must be made for storage of observations from
the constant-level balloons for at least two orbits (possibly several) in order to account for this relative velocity
in deriving the best location. Nevertheless, it is estimated
that processing times are small compared with those for
other observing systems.
The data amount to be transmitted via the GTS will
depend on the specific features of observing systems.
It also will depend on the kind of dissemination: will the
dissemination be world-wide (standard teletype code
messages)? or will only exchange between the WMCs be
organized (the possibility of binary computer compatible
transmission should have to be considered) ?
Assuming that the estimates of the information amount
given in this publication are correct to a first approximation (these are 0.2.10 6 bits per day for carrier balloons
and 1.5.105 bits per day for constant-level balloons), we
find that transmission time for these data will be very
small (a few minutes).

taken. Below are summarized what are considered at
this time to be the outstanding remaining problems of
these kinds; priorities are not indicated - these will
have to be decided upon later.

6. I
-

WWW Systems
What will be the priority ranking of various output
products to be distributed on the GTS? Will, for
example, as many as possible of these products be
transmitted in compact code form instead of analogue
form? How will the Global Experiment special
transmission fit into this priority ranking?
Will the archival sections of the WMCs be able to
collect and archive all special data collections,
including the high resolution data? How will this
high resolution data be made available to research
groups?

Polar Orbiting Satellites

6.2

-

-

What codes will be used for satellite derived temperature and humidity profiles? Can the codes be more
compact than usual in view of the fact that there is
limited independent information?
On what scale should sounding radiances be distributed, e.g., 200 or 500 km ?
How will raw radiances be exchanged between groups
responsible for the satellite sounding systems?
How will the raw radiances and high resolution
sounding radiances be stored and made available for
special research studies?
How will surface data (sea-surface temperature, snow /
ice cover, etc.) be stored at high resolution and made
available for special research studies?

6.3
-

6. CONCLUDING REMARKS
It is clear from the preceding sections that the general
framework exists for a practical solution to the data
processing scheme for the Global Experiment data,
founded on current operational and also experimental
practice. It is also clear that there are some parts of the
individual processing schemes that are not yet complete,
and that there are also some general problems yet to be
solved, or at least for which decisions will have to be

6.4
-

Geostationary Satellites
How will compatible data processing schemes be
developed between the several geostationary satellite
systems to assure internal consistency of the derived
winds?
What will be the codes for distribution of such wind
data?
How will high resolution image data be archived and
made available?

Special Observing Systems
What codes will be used for data from constant-level
balloons and buoys?
Will there be central processing of observations from
special ship stations in the tropics?

