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(i)

FOR E W 0 R D
The first Planning Conference on GARP was held in Brussels in 1970. Since
that time, intensive detailed planning has taken place on the Global Experiment under
the leadership of the Joint GARP Organizing Committee and with the enthusiastic
participation and support of governmental organizations, scientific societies, and
individual scientists of the whole world. The plans were consolidated into the
document, "The First GARP Global Experiment Objectives and Plans".
A Planning Conference on the Global Experiment was held in Geneva in
September 1972. It reviewed the general plan for the Global Experiment, examined
the role of the World Weather Watch in the Experiment, and made a first estimate
of. the resources available for carrying it out.
The Conference found that the planned contribution of the geostationary and
polar orbiting satellites makes these observational systems complete and global in~
nature. In contrast, the contributions announced at the time of the Conference were
believed not sufficient to meet the stated requirements for the special observing
systems which were recommended by the JOC. The Planning Conference recommended that
the Secretary-General of WMO be requested to convene an ad hoc working group to
review the observational requirements and consider the ~lternatives for special observing systems in the light of resources that may be available.
The Planning Conference considered that the working group should be constituted of:

(i)

Experts in numerical modelling and numerical simulation designate9
upon recommendation of the JOC;

(ii)

Experts in observing system technology designated upon recommendation
of the JOC;

(iii)

Experts from nations interested in contributing to special observing
systems.

The Planning Conference requested that firm recommendations be submitted by
I August 1973 to the Executive Committees of WMO and ICSU.
The ad hoc Working Group on Special Observing Systems for the Global Experiment met in Geneva, February 1973. The present publication embodies the report of
this meeting as transmitted to the Secretaries-General of WMO and ICSU by the chairman of the meeting, Professor P. Morel. The report will be transmitted to the
Executive Committees of these organizations.

(iii)
LIST OF ABBREVIATIONS APPEARING IN THE REPORT
AMTEX

Air Mass Transformation Experiment (Japan)

ATS

Advanced Technology Satellite

BOMEX

Barbados Oceanographic and Meteorological Experiment (U.S.A.)

CAENEX

Co~ete Atmospheric Energetics Experiment (U.S.S.R.)

CISK

Convective Instability of the Second Kind

CNES

Centre National d'Etudes Spatiales (France)

COSPAR Committee on Space Research (ICSU)
DST

Data Systems Test (U.S.A.)

DPS

Data Processing Centre

ESRO

European Space Research Organization

FGGE

First GARP Global Experiment

GATE

GARP Atlantic Tropical Experiment

GDPS

Global Data-Processing System (WMO)

GFDL

Geophysical Fluid Dynamics Laboratory/NOAA (U.S.A.)

GFGMS

Ground Facility for a Geostationary Meteorological Satellite System

GISS

Goddard Institute for Space Studies (NASA)

GOES

Geostationary Operational Environmental Satellite

GOS

Global Observing System (WMO)

GSFC

Goddard Space Flight Center (NASA)

GTS

Global Telecommunication System (WMO)

HIRS

High Resolution Infrared Sounder (NIMBUS F)

ICAO

International Civil Aviation Organization

ICSU

International Council of Scientific Unions

IOC

Intergovernmental Oceanographic Commission (Unesco)

IR

Infrared

IRLS

InterrQgation Recording and Location System

ITCZ

Inter-Tropical Convergence Zone

ITOS

Improved TIROS Operational Satellite

ITPR

Infrared Temperature Profile Radiometer

IUGG

International Union of Geodesy and Geophysics (ICSU)

JOC

Joint Organizing Committee (WMO/ICSU)

LOP

Line of Position

MIEC

Meteorological Information Extraction Centre

(v)

GENERAL SUMMARY AND CONCLUSIONS
(a)

Scope and approach

The objective of the meeting was to define firmly the requirements for
Special Observing Systems - those systems that would be specially arranged - for the
First GARP Global Experiment, and to make specific recommendations on these to the
Executive Committees of WMO and ICSU. This was done by review of the present WWW
observational system and its expected developments until the time of the Experiment.
This was followed by consideration of special observing systems to fill observational
gaps and their availability at the time of the Experiment. The discussion then centred on quantitative estimates of the effects on the FGGE experiment of the observational deficiencies of the expected WWW network and estimates of the type, number
and distribution of special observations required to reduce errors of analysis to
acceptable levels. Decisions were reached on recommended "mixes" of special observing
systems that might satisfy reasonably economically all objectives of the Experiment.
(b)

The World Weather Watch

It is apparent, upon examination of Figures 1 through 5 in chapter 2,
that the World Weather Watch (WWW) upper-air sounding stations and surface
network provide a reasonable density of observation in the mid and high latitudes of
the northern hemisphere, (with one significant gap over the Pacific Ocean, however),
and very insufficient data in the southern hemisphere. On the other hand, the
development of remote sounding techniques from space has made it practical to deter~
mine with adequate accuracy the vertical temperature profile of the atmosphere in
the global domain. One single satellite on a quasi-polar orbit covers twice the
whole Earth in 24 hours. There is no doubt that these temperature observations
obtained by polar orbiting satellites, together with the conventional observations,
will provide a satisfactory data base for determining the state of motion of the general
circulation in the northern hemisphere. It is also clear that satellite soundings
will also_ provide significant observational material for analysis in the southern
hemisphere.
(c)

Four-dimensional data assimilation

One must recognize however, that these satellite data are obtained continuously rather than simultaneously, at one single synoptic time. Thus, the data
from which global meteorological analyses ~ill have to be made in the future, will
consist of non-simultaneous (asynoptic) observations distributed more or less evenly
in time and space. For this reason, new four-dimensional data assimilation techniques are being tested by World Meteorological Centres and scientific groups working

(vii)
meteorological quantities, especially winds, provided by the WWW upper-air soundings
and surface observations will amount only to a very small fraction of the data needed
in the southern hemisphere (see Figures 2 and 5), it was concluded that a significant
augmentation of upper-air wind, temperature and geopotential height (pressure) observations would be required, if the FGGE is to be a truly global experiment. These
additional observations would be best provided by a network of about 300 instrumented
constant-level balloons deployed simultaneously at one upper-level of the southern
hemisphere.
A further improvement would be brought by surface pressure and
sea-surface temperature observations in the southern hemisphere oceanic
areas, especially in the region of persistent cloudiness (50-6505). An appropriate
oceanic surface and sub-surface observation system is to be specified later in consideration of the oceanographic programme concurrent with the Global Experiment.*
(f)

The problem of the tropics

It i. generally accepted that the wind field cannot be inferred from
pressure and temperature data very near the equator where the quasi-geostrophic balance
breaks down. All numerical simulation experiments have supported this view and shown
that the winds should indeed be measured (not inferred from the pressure field) at
least in the~uatorial belt looN to 1005. These experiments have also indicated a
rather small degree of vertical coupling, so that the vertical structure of the
wind field must be actually measured with resolution equivalent to five or six levels
and cannot be accurately inferred from incomplete observations. It is the consensus
of the atmospheric dynamics experts present at the meeting, that this is indeed the
key to successful extended range prediction in tre global domain, and an absolute
requirement for approaching the ultimate predictability limit of the general circulation.
For this reason, the observational requirements placed before the
Planning Conference on the Global Experiment called for daily direct wind measurements at seven levels in the troposphere and stratosphere, with a horizontal resolution of 500 km. Considering that there are 93 wind-sounding stations planned to
operate in the equatorial belt looN to 1005 at the time of the FGGE, fulfilling the
observational requirements in the tropics would still necessitate a major if temporary
augmentation of the network to provide 300 additional wind soundings per day during
each of two special observing periods. The necessary resources for this augmentation
did not come forth at the Planning Conference.

* Oceanographic Observations. It is highly desirable that a description be available
of temperature conditions in the upper-layer of the ocean, during periods of intense
observation since this will greatly enhance the value of the Global Experiment.
This is probably not feasible on ~ global scale, but data acquired by IGOSS and by
oceanographic programmes carried out at the same time as the Global Experiment
should provide a useful supplement to the meteorological data.

(ix)

(h)

Satellite data collection and navigation system

It appears that a major augmentation of direct (in situ) observations
in the tropics and the southern hemisphere will be required for the FGGE, in addition
to the basic observing system. These observations could most effectively be performed
by instrumented automatic platforms like carrier-balloons, constant-level balloons
and drifting buoys. For this to be possible, a space data collection and location
system such as developed for the NIMBUS-F/TWERLE programme and planned for the
TIROS-N series of spacecraft, is necessary.
The group was informed that the launching of the TIROS-N satellite, initially scheduled for 1976, is now delayed until late 1977. This will have a serious
impact on the Global Experiment as presently planned.

(i)

Observing systems confidence level

All of the space-based observing systems considered in this report,
or their key components, have already been proven in flight tests. Furthermore, a
large number of them will be tested concurrently during the Data System Test to be
conducted during 1974, with some overlap with GATE. It is likely that significant
improvements in performance will result from this experience and from continuing
operation of these systems. It should be borne in mind that the full information
content of the presently available space observations is definitely not being
exploited yet; indeed, it is remarkable that the instrumental performances reported
in this document belong to devices which have only been in operation for very few
years. Thus, it can be stated with confidence that, if the proposed observing
system comes into being, the full global objectives for the FGGE will be. met.
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1.1

HISTORY OF THE MEETING
Opening of the Meeting

1.1.1
The meeting of the Ad-hoc Working Group on Special Observing Systems
for the firstGARP Global Experiment was held in the WMO Headquarters Building in
Geneva from 21 to 27 February 1973.
1.1.2
D~D.A. Davies, Secretary-General of the WMO, opened the meeting at
10.00 a.m. and welcomed the participants to the WMO building and to the session,
indicating that he did sO not only in the name of the WMO but in the name of ICSU
also, these being the two organizations jointly sponsoring GARP.
Dr. Davies said
it was gratifying to see that so many of the group had been able to come to Geneva,
despite the "ad-hoc u nature of the meeting. Dr. Davies noted and regretted the
absence of Professor Smagorinsky, who was severely ill, and hoped all would join him
in wishing him ~ speedy return to good health.
He informed the meeting that the
WHO would provide all the facilities and services needed to ensure its success.
D~ Davies then recalled briefly the circumstances leading to the
decision to create this group.
Talking about the problems to be faced by the
group, he mentioned that the World Weather Watch System would provide the basic
observations and telecommunications facilities for the Global Experiment but that
special additional observing systems would be necessary if the aims of the Experiment were to be achieved during the two special observing periods - May/June 1977
and December/January 1978, particularly important in the tropical regions and in
the southern hemisphere.
Dr Davies said that the main observational deficiency
in the equatorial regions concerned wind observation and stressed that it would
be essential to overcome this and other deficiencies in the overall obs~rvational
programme, if the Global Experiment was to be fully successful.

In finali~ing his remarks, Dr Davies once more repeated his wish to be
of every assistance to the participants at this meeting and wished them all success
in their work.
There were 15 participants at the meeting including the representatives
A complete list of the participants is given in Annex I
of IOC, JOC and COSPAR.
to this report.
1.2

Election of the Chairman
Professor P. Morel (France) was unanimously elected chairman of the

meeting.
1.3

Approval of the Agenda

The meeting adopted the provisional agenda with some minor editorial
amendments.
The agenda is reproduced in Annex 11 to this report.
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2.

STATUS OF THE OBSERVING SYSTEMS FOR THE GLOBAL EXPERIMENT

2.1

The Basic Observing System

2.1.1
The present_status of the WWW Conventional Upper-Air Network is laid
out in Table 1. The regional basic synoptic networks are planned to conform in
so far as possible to a maximum spacing between land stations of 500 km. Since the
rate of implementation of the Global Observing System of the WWW has accelerated
in 1972, it is now reasonable to assume that the majority of new stqtions planned
for installation by 1975 will be operating by 1977. By the same token, stations that
are not planned for installation by 1975 are not likely to be operational for the
Experiment unless special, directed efforts are made for each station. Figures 1 to 4
show the geographical distribution of the upper-air stations of the WWW Regional
Basic Synoptic Network.
From these maps it is then concluded that for the purpose of the Global
Experiment:
adequate density of upper-air data on winds, temperatures and humidities is available over all inhabited land areas outside the
trop~cs;

marginal upper-air data is available over tropical land areas and
dense island groups.
2.1.2
The land-based surface observation network planned for the WWW is largely
complete as of 1973. To this rather dense network of land stations must be added
the ship stations comprising the Recruited Ship System of the WMO Voluntary Observing
Ship Scheme. Figure 5 shows the ocean areas from which reports might have been received on anyone day. Present communication problems reduce this area markedly, but
the implementation of a suitable satellite-based data acquisition system could increase
materially the number of surface observations in the tropics and some near coastal
oceanic areas in the southern hemisphere. Figure 5 also shows the oceanic areas with
significant shipping but from which no observation is presently received (light
hatching).
From this unfortunately, it appears that:
more than adequate surface data, particularly pressures and temperatures, are available over all land areas and the northern hemisphere
oceans;
inadequate surface data exists over some tropical and most southern
hemisphere oceanic areas.
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Figure 5 - Aerial distribution of the mean July number of ships' weather
observations during nine alternate days, from 1 to 9 September 1967
(from WMO World Weather Watch Planning Report No. 25 - Annex XIX)
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values with a dispersion of a few degrees that may be good enough to be useful.
Seasurface temperature measurements from the SR imaging radiometer are expected to become
ogerational shortly, and should provide global coverage for T with a precision of
1 C.
Microwave radiometers may provide other independent information.
Experience
must be acquired in the interpretation of the microwave data, but they hold promise
for the future.
After cloud effects are eliminated or substantially reduced, systematic
discrepancies appear clearly in the comparisons between the VTPR soundings and
radiosonde observations.*
These systematic effects are obscured by cloud contamination and are not apparent in the results prior to the filtering out of the
clouds.
These systematic errors can be minimized conveniently by small adjustments, of the order of 1%, in the transmission functions employed in the calculation.
A coarse "tuning" of the transmission functions, based on informal examination of tables of mean errors at each pressure level, accumulated by comparison
with large numbers of co-located radiosonde observations, leads to an'average RMS
0
0
error of 2.20 C with individual daily results as low as 1.85 C.
With improvements
provided by computerized tuning, based on automatic least-square adjustments of the
transmission function, and improvements in the cloud filtering techniques, it may
be possible to reduce the RMS error to approximately 1.7°C.
It was suggested that
this value probably represents the limit of accuracy obtainable with the VTPR
sounder.
Subsequent to the meeting, the following summary was provided of the
experience of scientists at the National Environmental Satellite Service in working
with data from the SIRS-A, SIRS-B, VTPR, ITPR and NEMS instruments.
First of all, it must be emphasized that the precise -numerical value of
any measure of the "error" of satellite temperature profile retrievals which is
based on comparison with radiosonde data is sensitive to several important factors.
These include the domain of the comparison (area and height), the selection criteria
speficying the required proximity in time and location of ~he soundings, the number
of vertical levels included and whether the radiosonde data are smoothed, and the
number of soundings and length of the period included in the sample.
The method of
profile retrieval from the satellite radiance data is also important, especially
the degree of dependence of the retrievals on radiosonde data which may have been
used in "first guess" fields.
These factors raise numerous difficulties in comparing
error statistics obtained using different methods.
The difference in the scales sampled by the sounders in contrast to radiosondes presents a fundamental complicating factor, similar to that encountered in the
verification of wind observations inferred from cloud image displacements as discussed
in section 2.1.4.4.
For example, a level-by-level comparison of radiosonde data with
* The VIPR temperature data were tested by comparison with the global network of
radiosonde stations included in the daily list of station reports collected by
NOM.
The list includes approximately 600 station reports for OOZ and 12Z
each day.
The test period began 9 December and ended 24 December, 1972.
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south, and communications coverage are expected to extend at least 70 degrees from
each satellite sub-point. Although the data obtained will be used for a wide variety
of applications, in this section attention is limited to the contribution which this
sub-system can be expected to make in the observation of winds.
2.1.4.1

Cloud motions

Geostationaiy satellites provide frequently repeated (abouthal f hourly)
images of essentially the same geographical area. By measuring the displacement of
recognizable pattern elements - so-called "cloud tracers" - in a pair or sequence
of images, it is possible to determine the horizontal velocity of the pattern and
thereby of the flow in which it i~ embedded. Several techniques for measuring image
displacements already have been developed and tested using data obtained from the
Advanced Technology Satellites (ATS) of the U.S.A. The main problems of image
registration, that is, relating the location of elements in successive images to
the same common geographic reference, have now been solved. This involves corrections for changes in orbit position, viewing attitude, and spin axis orientation of
the satellite, and the recognition of "landmarks" which serve to fix earth-based
co-ordinates in the images. Computer-automated procedures for registration have
been implemented on an operational basis.
Automated techniques have also been developed for determining the displacement of a particular "cloud pattern" from its position in one image to its
position in. another. These computer techniques employ digital image data to
utilize the full dynamic range in brightness (which greatly exceeds that which can
be shown in a high quality photograph) and involve computations which effectively
average over regions comprised of a large number of the smallest resolution elements.
Typically, the scale of patterns traced inthis way using ATS data is of the order of
100 km. Existing computer techniques can be used in nearly all cases involving uncomplicated, single-layer cloud motions to provide motion fields having very high
precision and internal consistency, and the techniques have been tested with good
success in operational use.
Manual techniques have been used operationally for several years to
determine cloud pattern displacements using visually displayed image sequences.
Human analysts can successfully separate motions at more than one level, and can
select regions of special significance or reject regions of excessive complexity.
Future operational systems are planned which will employ a combination of human
analysts and computers in a system designed to take the best advantage of both.
2.1.4.2

Cloud height

------------

The major deficiency in present techniques is the ambiguity in assigning
the height of the derived motion field. In the case of high-level cloud tracers,
this uncertainty can be very large, producing errors in wind at the assigned level of
10 metres per second and greater. The geostationary satellites planned for the
Global Experiment will include infra-red radiometric observations, which not only
will allow night-time tracking but also will provide valuable information regarding
cloud altitude. A number of potential problems have been identified such as low
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It must be noted, however, that the very advanced stage of development
of the US-built geostationary satellites does not allow this improvement to be
incorporated in the design of the first two or three satellites of SMS/GOES series.
However, suggestion for possible augmentation of upper-troposphere coverage can
be taken into consideration for the design of the three remaining geostationary
satelli tes planned for the Global Experiment.
The group agreed that the potential contribution by increased coverage
of wind observations at the upper-trofWspheric levels where kinetic energy and
variability are maximum would be very great indeed.
2.2

The Special Observing System Components for the Global Experiment

Definite deficiencies are noted in the data coverage provided by the basic
observing system described under sections 2.1.1 to 2.1.4 above. These deficiencies
are particularly significant with regard to the determination of the vertical wind
structure in the equatorial belt lOoN-lOoS and wind, temperature and geopotential
height data in the southern hemisphere, especially in the persistently cloudy region
0
from 50 S to 65°S (Report of JOC-V, Bombay, February 1971, Section 5.3).
A variety of special observing techniques could be temporarily implemented during the
Global Experiment for the purpose of eliminating these deficiencies.
The following
techniques have been listed and reviewed by the group.
2.2.1
2.2.1.1

Status

The concept of the Carrier Balloon System is described in Appendix VI
of the JOC document; the First GARP Global Experiment - Objectives and Plans, revised in November 1972. In this sy.stem, dropsondes are released upon command from
superpressure balloons flying ~t 24 km (30 mb) altitude in the tr~pics. The 13~6 Mkz
navigation signals are relayed from the dropsonde to the carrier balloon and through
the data collection link on a geostationary satellite to a ground computer for determination of the winds. The ~ata collection system on the geostationary satellites
also provides the command instructions. Additional navigational information, such
as provided by the random-access Doppler navigation technique mentioned under 3.2.4
below, is needed for fixing the absolute geographical position of the sounding
(different from the precise continuous tracking of the relative displacement during
descent) •
A test of the Carrier Balloon System will be conducted in 1974 as part of
the Data Systems Test, planned by the U.S.A. Twenty balloons, each equipped with
64 sondes, will be launched from an equatorial site. This test will provide a realistic appraisal of the system's efficiency, including a determination of the effective
dwell time of the balloons within the region from lOoN to lOoS. Carrier-balloon
tracking will be accomplished by the random Doppler navigation system on the NIMBUS-F
spacecraft. Command and data links will be provided by the two SMS geostationary
satellites planned for that time period.
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As pointed out above, the requirement for spatially homogeneous coverage
of the~ equatorial belt during the Global Experiment places the emphasis on augmenting the observations in remote land and ooeanic areas where logistics and communication problems are most severe, and where the absence of human activities makes the
prospect of permanent observations least attractive.
On the other hand, the deployment of temporary wind-sounding stations
on ships and/or suitably located islands would directly serve to augment the coverage
of the equatorial belt. The commitment of as many as 30 ships and research vessels
wi th wind-finding capability to participate in the GARP Atlantic Tropical
Experime~t, limited to one ~rea of the tropics, is an indication of the number of
supplementary oceanic stations which could be implemented during the Global Experiment Special Observing Periods.
2.2.3
The GARP Basic Data Set Project provides the best estimate of the number
and distribution of aircraft reports that should be available for the Experiment. A
special programme was mounted, with special observing forms being distributed to
airlines and other operating agencies, for the two special observing periods.
The results were encouraging, with an average of about 1100 observations/
day being collected •. However, it should be noted that the great majority came from
the heavily travelled air routes of the northern hemisphere, where adequate data
is already present.
In the southern hemisphere, south of lOoS iafitude, only about 150 reports
per day were received, again concentrated along air routes. The gain in observation
distribution to the southern hemisphere as a whole was not great.
While a fair number of observations were received from the equatorial belt,
lOoN_lOoS, the distribution of air routes is far from uniform.
2.2.4
The successful Eole programme (see Morel and Bandeen, 1973, Sitbon, 1973)
and the planned TWERLE programme (Kellogg et al., 1972) highlight the
capability of the instrumented constant-level balloons to provide conventional wind,
temperature, geopotential height data at one lower stratospheric level (~ 150 or
200 mb), as well as unique information on the circulation and energetics of air
masses linked to the special capabilities of the lagrangian measurements.
A lOO-day operational lifetime has been demonstrated for the EOLE balloons
at the 200 mb level. A considerably longer life is expected at 150 mb on the basis
of limited test flights. Because the horizontal eddy diffusion in the mid-latitude
general circulation is very active, constant-level balloons would disperse naturally
to reach a random distribution everywhere in the southern hemisphere outside the
tropics. Accordingly, 300 constant-level balloons in flight would provide a 60% probability of at least one observation per day in each 500 x 500 km 2 area and altogether
about 1000 data points per day. Allowing for normal attrition and launching procedures

- 19 MAP OF SOUTHERN HEMISPHERE SHOWING TRACKS
OF SOME SHIPS AVAILABLE FOR BUOY DEPLOYMENT

Figure

6

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 ISCU's Scientific Committee on
Antarctic Research (SCAR), and could possibly be used to deploy buoys for FGGE.
In addition to these tracks there will be research expeditions in the Antarctic
that will provide deployment opportunities.

- 21 Secondly, the numerical model is still an imperfect imitation of the
real atmosphere and therefore the short-comings of the model which give rise to
errors in a forecast necessarily also contaminate the state of the atmosphere obtained
from a four-dimensional assimilation procedure using that model.
The foregoing considerations mean that we must regard the data as perishable commodities.When injecting data during a four-dimensional assimilation
sequence, the oldest data are, as it were, leaking away both because of the limited
effective "memory" of the atmosphere as well as because of the imperfections of the
model. Therefore, in order to achieve a specified quality in the reconstruction of
the state of the atmosphere by this method, the rate of input of new data (viz. the
average volume of data per unit time) must exceed some lower limit.
The numerical
experiments summarized in 3.3.2 establish fairly precisely what this minimum limit
of data input must be if the requirements for the Global Experiment are to be met.
It is reasonably clear that a definition of such a lower limit will depend on the
efficiency of the particular four-dimensional assimilation procedure.
3.2

The use of four-dimensional assimilation to study observing systems

Assuming that we have a sophisticated general circulation model which
is able to simulate well the behaviour and characteristics of the real atmosphere
(several such models exist), then from a long integration of such a model we can
extract artificial observations such as might be generated by any observing system
we wish to assess. Random or systematic errors can be applied to these synthetic
observations as desired to increase the realism of the simulated observations. We
can now inject these "observations" into a model being integrated forward in time
from some different state and so determine how closely we can retrieve the state
from which the "observations" were taken. This in turn establishes the Ciidequacy
of the observational system being tested.
One objection to most of the observing system simulation experiments
which have been done in the way described above is that the artificial observations
have been injected into the same model as that used to generate those observations.
It follows that such experim~ probably give an optimistic view of the adequacy
of the observing system.
This is because real atmospheric data would be less
compatible with the model than would artificial data generated from the same model.
However, we do have a fair idea of the magnitude of the effect from some experiments,
in particular from one set performed at NeAR.
Therefore, the observing system
simulation experiments can be interpreted somewhat more clearly.
In the NeAR experiments referred to, articifialdata generated from one
model were injected into a different model as well as into the same model.
The two
models differed only in horizontal grid resolution (by a factor of two) but because
of the pronounced effect of resolution on the phase speeds of the waves, especially
the shorter waves, the general circulations of the two models are substantially
different.
Accordingly we believe the experiment reveals the magnitude of the
model dependence in experiments of this kind.
One example based on this latter work is illustrated in Figure 7 showing
how closely and how quickly the wind field is retrieved by 12-hourly insertions of
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Figure 7
The effect of model shortcomings on observing
systems simulation experiments (see text)

- 25 The results of the experiment are represented in Fig. 8.
Whereas
the profiles of the GISS and GFDL curves show each peak asymptotic rms vector
wind error near the equator, the GFDL peak is considerably higher.
A substantial
part of the discrepancy between the GFDL andGISS results can probably be attributed
to differences in the conditions of the experiment.
The most significant dif'ference is that wind observations were available at only 23 out Qf 617 grid points
in the equatorial belt (lloS_lloN) of the GFDL model whereas they were available
at 80 out of 400 grid points in the lOoS_lOoN equatorial belt of the GISS model.
As suggested earlier, the amount of wind observations near the equator is crucial.
Other differences, which would have less effect but would work in the same direc0
tion are that GFDL's polar orbiting satellite swath was narrower, a 1.25 rms
temperature error was assumed for satellite derived temperatures, and geostationary
satellite wind observations were~xtracted at 12 hour intervals and linearly interpolated in time to 2 hour intervals.
Another difference is that a northern hemisphere summer case was studied at GFDL in contrast to a winter case at GISS.
Besides, the different insertion schemes used could also lead to some differences
in'the results.
Nevertheless, the ad-hoc working group concluded from this set of
experiments that: Even under ideal conditions (having a perfect prediction model
and accurate satellite temperature soundings even in cloudy regions) thefasic
observing system specified above will not provide an accuracy of 3 m set- in the
tropics.
3.3.3

Special observations in the equatorial belt

Two additional experiments were performed at GISS.
In the first one,
the winds obtained from the geosta!fonary satellites were given random observational errors reduced to 1.5 m sec •
This was done after consultations with
the experts in cloud motion !racking.
In the resulting OSSE the wind errors
dropped by another 0.5 m sec .
In the ~econd experiment, wind profiles were
then added with a uniform spacing of 100 (1100 km) in the observational gaps of
the equatorial belt.
The results of this second experiment are represented by
the dot-dashed curve in Fig. 8.
The wind errors in this OSSE are relatively
uniform over the whole globe.
These errors are down to a reasonably low level
and it appears that it would take an uneconomically large volume of additional
wind observations in order to achieve any further reduction.
Following a suggestion that was formulated at the meeting, an attempt
was made to repeat the best GISS experiment with the 1972 WWW network instead of
the expanded 1975 version.
Another attempt was made also with a network with a
spacing of 1000 km everywhere in the equational belt to replace the WWW network
over this area.
In both experiments the wind error increased to about 4 m/sec
indicating that the enhanced WWW network appears to be needed in the equatorial
belt along with additional (1000 km) observations over the oceans.
3.3.4

The need for Special Observing Systems in the Southern Hemisphere

In the Southern Hemisphere the number of surface-based stations'providing upper-air and surface observations will still be small at the time of the
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Figure 9
The effect of deleting satellite temperature soundings
in the persistently cloudy belt in the southern hemisphere
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4.
4.1

RECOMMENDATIONS
Measurement of winds in the equatorial belt (lOoN to lOOS)

The minimum data requirement to provide acceptable coverage of the equatorial
belt calls for vertical wind profiles, at 12 hour intervals, with at least 5 levels vertical
resolution and 1000 km x 1000 km horizontal resolution over oceanic areas, and a finer
horizontal resolution over land areas.
Now 93 ground-based upper-air stations are planned as part of the WWW to be
available for the Global Experiment in the equatorial belt. Also 5 geostationary satellites
are planned to be available to provide adequate wind determinations at one level of the
lower troposphere and some wind determinations at higher altitude.
Nevertheless,
observations are required at approximately 70 additional grid points in oceanic
areas in order to meet the 1000 km horizontal resolution goal.

With respect to the possible availability of observing platforms, the Group
noted that some 30 research vessels and other ships with wind finding capability are
being made available for GATE and presumably might be made available again for the special
observing periods of the Global Experiment. Also, a number of islands, presenting
logistics difficulties for operating permanent stations, might support temporary installations
manned during the special observing periods. Further, the United States is continuing the
development of a carrier-balloon and drops on de system to be launched for a Data Systems
Test in 1974.
Recommendations
The Working Group on Special Observing Systems for the Global Experiment thus
recommends that the observations of the basic observing system be supplementeQ during each
of two special observing periods by a mixed special tropical wind observing system,
consisting of:
1)

Completion of WWW/GOS Regional Basic Network in the equatorial belt lOoN to
lOOS, particularly where stations can be established in substantial data voids,
and twice-daily radiowind soundings at all established stations.

2)

A combination of dedicated ships and suitably located island stations, perf~rming 2 wind soundings per day and carrier-balloons, such as to.attoin
the required wind observation density. The working group found that a
mix of 30 ships and about 80 carrier balloons during each of the two
special observing periods would probably suffice. However, 70 ships or
160 carrier-balloons would be required if either system would be used alone.
Thus the mixed system is recommended in order to minimize the cost of
the proposed system and to encourage the earliest possible international
co-operation on this important sub-system.

Recommends further
3)

That an operational analysis programme be instituted immediately to consider the
logistical, balloon launching,dropsonde release scheduling and other operational
problems involved in the optimal utilization of this mixed system.

4)

That arrangements be instituted to review the results of the carrier-balloon
Data Systems Test programme as soon as available to assess the compatibility
of data provided by the elements of the mixed system.

- 31 Recommendations
The group calls attention to this conflict in schedule and recommends
that the decision to defer TIROS-N be reviewed in the light of its impact on the
Global Experiment or that provisions be made for a substitute spacecraft carrying
the appropriate data collection and location equipment.

*

*

*
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