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1. INTRODUCTION

To make weather forecasts one first has to define the initial state of the
atmosphere. After that, the further development of the atmospheric
circulation can be similated by a maumerical model. The analysis methods and
the forecasting model are described elsewhere in the lecture notes. Problems
for analysing the atmospheric state arise from limitaticna in the
availability, accuracy and reprssentativeness of observational data. This
lecture note will describe the observational data, their density,
geographical distribution, repregentativeness and the reliability of their
reception. In this it will closely follow the article by Bengtason (1976).
A more detalled and updated overview of patellite data 1s given by Johnson

(1985} .

In Saction 2 wa will investigate the requirement of observational data for
analysing metecrological fields for mumerical weather forecasts. How far
these requiremesnts are met by conventional data, i.e. TEMPS, SHIPS, etc.,
will be shown in Section 3. The possibility of replacing or supplementing
these data by satellite data is discussed in Section 4, and in Section 5 some
conglderation will be given to future developments. For operational use one
needs also to diacusa the time allowed for collecting the data and the area

to be used for the foracasts, which is dealt with in Section 6. Finally, in
Section 7 we shall invegtigate in more detail how the cbservations can
repregent mmall scale meteorological features and how they are resolved in

the analyses.



2. REQUIREMENTS FOR ANALYSING METEOROLOGICAL FIELDS

The cbservational meteorclogical network, which is now called the World
Weather Watch (WWW), has baen bullt up gradually during the laat 200 yasars.
However, the aarological observing network was developed mainly during and
just after World War u._ This network is very incoherent with widely varying
density and quality. The reasos is that the network has been constructed for
such different purposes as leccal and regional weather watch, short-range
forecasting, severs weather warning, asrcnautical supervision, hydrological

surveillance, as well as forecasting by use of dynamical models.

This network is now supplemented by an overwhelming variety of data from
satellites, both in pictorial form as well as quantitative information. Also
more recently, cobsarvaticnal data from commerxcial aircrafts and automatic

buoys have becoms important sources of information.

A8 these observing systems are quite expensive, we need to deal both with the
question on what data are available and what data are really needed for
numerical weather prediction. Ansewering this question was one of the main
objectives of FGGE and nscarcl.l is stil]l going on. BSome results will be

discussed in Section S.

Here we want to try to answer the following questions:-
al What are the most relevant variables to be observed?
b) what are the characteristic space and time scales of these variablea?

c) How accurately do we need to measure and tranamit then?
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Unfortunately, these queations are not independent of each other, e.g. for
analysing surface pressure meteorclogists use a wider range of parameters
{e.g. cloudiness and visibility) in data sparse arsas than in data rich areas
to achieve a wider horizontal and vertical extrapolation. HNumerical data
assimilation systems are restricted to the basic measurements such as
temperature, wind, humidity and surface pressurs. Even then the questions
are not independent from each other because a highly accurate measurement,
which is only valid for a scale that cannot be analysed by the analysis

system, may be of little use.

2.1 Minimum acalens

To get an idea of the minimam scales which should bs resolved by the

observational data, one has to take a lock at a few weather maps. The

following conclusicna can be drawn:

a) The spatial scale of the main weather systems in the middle
troposphere is rarely shorter than 1000 km.

b} Such systems develop in the order of 2 days and last mostly

less than a week.

We may conclude from this very brief cverall picture that a sampling density
of 500 km in the horizontal domain and 12 hours in time is needed to be able
to characterise the significant pattern of synoptic systems in the pressure,

wind and temperature fields.

On weather maps we will find also smaller scale significant disturbances like

fronts, cloud clusters and hurricanes, which would need a much higher

sampling density. Most forecasting models, however, have horizontal
resoclutiona of the order of 200 km or larger and are not able to retain and
develop such features in the same way as the atmosphere, and it might be even
detrimental to represent wuch features in the analyses. Some aspects of the

problema concerning these smaller scales will be covered In Section 6.

To get a feeling for the required resolution in the vertical, we may consider
a typical baroclinic wava. Fig. 1 shows the relative positiona of troughs
and ridges %n the height and temperature fields at four levels. The
temperature field is tilted slightly to the east with helght and the height
field is tilted westward. The degrees of tilting im decisive for the future
developmant of the baroclinic wave. To resclve this vertical structure, data

with at least a 200 mb spacing are needed.

Fig. t: Structure of a
baroclinic wave at 4 pressure
levels (from Defant, 1974).
Daghed lines: temperature field.
Solid lines: geopotential height
field.




To resolve the boundary layer and the tropapause an even highar resolution is
needed; however, at ECMWF these features are mainly governed by the firat

guesa, which is generated by a forscast model.

Ideal measurements would be those which are representative for the time and

space acale to be resolved in the analysis.

2.2 Relevant variables

The most relevant variables to be obssrvaed are thoss described by the
squations used in the forecast mcdel, i.s. temperature or height, horirontal

wind components, humidity and surface pressurs.

The horizontal wind components can be divided into divergent and rotational
componenta, where the divergent component is diagnostically connected with
the vertical wind component. To aveid or reduce spin-up effects in the
forecasts it is important to have the right divergent wind in the initial
data, espacilally in the tropics, but at present thia is difficult to extract
from observational data and in many analysis systems the divergent wind is
generated by the model through the first guess.

Attempts are underway to

achieve true analyses of thie component.

For a short period model generated humidity data was used at ECMWF by
mistake. The reintroduction of analysed humidity did not give a significant
change in the forecast quality. This could be due to smeveral reasons, cne
could be that the present models are not sensitive to initial humidity data.
It could also be that the present first guess in analysis system is either of

good quality or that the observations are bad (which might be a problem of

~

~

representativeness of humidity obssrvations as discussed below), or that they
are too gparse. We can draw the conclusion that for existing analysia-
forecast schemess the humidity cobservations ars not the most relsvant observed
data. When analysis-forecasting systems becoms more reliable, the humlidity
analysis might become more important, espacially in connection with the
analysis 6! divergsnt wind componhsnts as demonstrated by Xrighnamrti et

al. (1983). RV R

The ECMWF forecasting aystem also uses analysed sea surface temperature, snow
depth and soil mojsture, which have an effect on similations of the
atmospheric circulation, .but their immediate impact on medium range forecasta

1s difficult to prove.

2.3 Required accuracy

The ECMWF data assimilation system can cope with any accuracy of
observational data aa long as their accuracy is known and as long as the data
have no systematic bias. In principle a large number of randomly inaccurate
data can be used to gain analyses with a higher accuracy. Sample averages of
observed data must, howaver, be more accurate than the first guesses.
Observational data, which have a systematic blas have the most detrimental
affect on the quality of analyses. Alsc isclated inaccurate observed data
are difficult to use {see e.g. Hollingsworth et al., 1985).

The present operational observational network is very expensive to maintain
and it would become even more expensive to increage the accuracies of the
measurements.

Attempts have been made to estimate the effect of the accuracy

of initjal data on forecast quality. The cbservational data errors are not
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the sama as analysis errors, but the analysis errors will be highly
influenced by the accuracy of obeerved data and therefore we can use such
investigations to see if there ig a limit of accuracy beyond which it would
not be worth going. Such a study was carried out by Lorenxz (1969) who

investigated the error growth of a barotropic modesl.

This model has an energy spectrum as indicated by the heavy curve in Flg. 2.
After disturbing the initial values in the smallest scales the rerun
forecasts take a while bafore the larger scales ars influenced by these
Aieturbances due to non-linear interactions. The thin curves in Fig. 2
indicate how mich of the spectrum is affectad by the initial disturbances
after 15 mimites, 1 hour, 5 hours, 1 day and 5 days. The arror energy 1is

saen to double very quickly while it is confined to the smallest acales.

T

Fig. 2: Baslc energy apectrum (heavy curve}, and error-energy
spectra (thin curves) at 15 minutea, 1 hour, 5 hours, 1 day, and 5
days, a3 derived from a numearical experiment. Thin curves coincide
with heavy curve to the right of their intersections with heavy
curve. The horizonta) coordinate is the fourth root of the
wavelength, labelled according to wavelength. Resolution intervals
are separated by vertical marks at base of dlagram. Vertical
coordinate is energy per unit logarithm of wavelangth, divided by
the fourth root of wavelength. Areas are propeortional to energy
(from Lorenz, 1969)
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The pame model wag run with different injitial perturbances to estimate the
gain of predictive skill in the forecasts by halving the initial error.

Table 1 gives the ranges of predictability as 2 function of wavelength and
initial error. Even with very large initial errors of 9 m/s, the synoptic
scale circulation retains soms predictive skill for one day, while some
planetary scales retain some predictability for a week. If the initial error
is halved, the range of predictability is nearly doubled for a large range of
wavelengths. This is also nearly true when halving the initial error another
time, but it is obvious that further reduction of initial errors give less
and less gain in predictive skill. FPFor the eynoptic scale of motion

{L > 1250 km) a reduction of the error below 1 m/s seems unnecessary.

Table 1: Predictability as a function of wavelength and
initial error (4 = days, h = hours)
(after Lorenz, 1969).

wave

length Initial Error (m/sec}

( km ) 9 4.5 2.2 1.1 0.6 0.3

20000 5.74 8.0d4 9.24 9.8d 10.0d 10.14

10000 2.5 4.0 4.8 5.3 5.5 5.6
5000 1.1 2.0 2.6 2.9 3.1 K |
2800 12.8h 23.8h 1.4 1.6 1.8 1.9
1250 6.1 1.9 17.8h 22.3n 1.0 1.1
625 3.0 6.0 9.6 12.7 14.4h 15.2h
312 1.5 3.1 5.2 7.2 8.5 9.1
156 0.7 1.5 2.8 4.1 5.0 5.5

If these results can be applied to the real atmosphere, therse is no need to
observe {or to have initial analyses)} with higher accuracy than 1 m/8 as far

as the prediction of synoptic or planetary scales is concerned. Using the



geostrophic approximation we can estimate from this an optimal accuracy for
the height field. More realistic experiments are, howaver, needed to confirm
these results. Uncertainties in the analyses are not restricted to small
scales as in the experiments discussed above and thersefore in rail.‘l.stic
experiments one would also find error growth in the long waves due to

analyses errors from the beginning of the forecasts.
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3. HOW DO CONVENTIONAL DATA MEET THESE REQUIREMENTS

When discussing conventional data we will concentrate mainly on upper ajr
goundings because of the requirement to describe the vertical structure of

the atmosphers.

34 Distribution cof cbssrvational data

Fig. 3 shows schematically the density of obssrvational data in a zonal mean
required to have 506 km betwesn stations, together ;it.h the available
radiosondo? through GT3 at ECMWF for the same latitudinal belts during April
1984, It is obviocus that south of 30°N the denaity of radiosonde stations is
far too low. Fig. 4 exhibits the geographical distribution of radiosonde
data; clearly there appears to be a deficlency also in northern hemjiasphere
mid-latitudes over the oceansa. There are four quasi-stationary weather ships
in the Atlantic and a few ships of opportunity in both oceans, which report
fairly regularly but at different positions.

few to fulfil our requirement of a 500 km apacing.

These ships are dafin'tely too
This picture ha not
changed mich in recent times. The number of radiosonde stations has alightly

increased, but a few of the gquasi-stationary weather ships were withdrawn.
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Fig. 3: Number of radiosondes in
zonal belts of 5°., Thick solid "
line: regquirement to meet 500 km
distance between stations. Thin -
s80lid line: average number of
radiocsondes received during April
1984 at ECMWF for 00 GMT.
Dashed line: same as above Em b
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More quasi-stationary weather ships will be withdrawn in the near future.

o~ The Rutomated Shipboard Aerolegical Programme (ASAP) will operate during
198788 to invesatigate if radiosondes launched from moving merchant ships can

provide an adequate replacement.

In addition to the radiosonde soundings there are a fair amount of wind
soundings {PILOT), aspecially in Africa and Australia. Fig. 5 gives an

overview over a typilcal data coverage at 00 GMT for all observational data.

In the Pacific area pors radiosonde and pilot data are available at 00 GMT

than at 12 GMT and more over South America at 12 GMT, as shown in Fig, 4.

The number of upper air soundings in the southern hemisphere is so sparse

that this data source can be neglected compared to other data, as will be

diacaesed helow when we conslider Observing System Experimsnte (Bengtason,
(] ° 1983). An extra handicap is that the reception of data at ECMWF is least
ragular for atations in data sparse areas as indicated in Fig. 4 by different

markers. This could be die to irregular measurements or to problems with the

transmisslon. Por Africa and Scuth America one finds the lowest reception
rates. A wimilar survey by WMO during November 1975 (see Bengtssgon, 1976)
provided similar rasulta; the present flgures are, however, slightly more

favourable.

From Fig. 5 we see further that observations at the surface, i.e. SYNOPs and
"‘-}\ ” S S s SHIPs are mich denser than upper air scundings bat even they contain big gaps
] : ‘e
L ]
et (\: P ’dé P N - over southern hemisphere oceans. They are partly complemented by
] 'y -

Recaption rate: #28.30 =202¢ 01019 +39

Fig. 4: Distribution and reception rate of radiosonde
ascents from land stations at ECMWF during April 1984.
Upper panels 12 GMT; lower panel 00 GMT. v v

12 13
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Fig. 5: Avalilable observations
at ECMWF on 28 April 1984
00 GMT.
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observations from automatic tuoys. During a test period in 1983, on the
average 765 ship observations for 12 GMT were received at ECMWF which were
supported by 100-200 observations from drifting Iuoys. The reception of data
from buoys turned out to :b. very irregular. Such an amount of data would
mean a good coverage over the oceans if they had been distributed evenly. If
one counts only ship obsesrvations iouth of 10°K, only 178 messages were
recelived. An average density of these data diring FGGE is presented in

Fig. 6. Although the FGGE period was very favourable because of the special
efforts to collect all data, '. still find4 1'.:9.' l?.li with less than 15
observations in boxes of 1000 km length per day or less than 4 tor each
analysis time.

]

Fig. 6: Average number of surface observation.a (SYNOP, SHIF,
BUOY)} per day in boxes of 1000 km length over the period
15-24 June 1979 (from JPS5,1981-82).

Another important source of data are measurements from commercial aircrafts
{ATREPs and ASDARs) of which 1780 per day were received at ECMWF during March
1983 with a fairly homogenecus distribution during the day. From Fig. 5 we
see that they are concentrated on the main flight routes and they do not help

to fill the gaps over the tropical oceans. During a survey at HMC in 1976

15
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only half as many aircraft reporxts were received, which means for the present

syetem quite an improvement.
The most striking characteristic of the World Weather Watch ground based
observations is their inhomogeneous coverage. In most areas the requirements

of data density are not fulfillsd.

3.2 Accuracy and representativeness of data

When considering the accuracy of metecrological data cone has also to
investigate their representativeness. As mentionad above the ideal
observation should represent the space and time scales of synoptic
disturbances, which should be gained by a sampling procedure providing
averages of one hour in tima, 100 km in the horlzontal and 1 km in the
vertical. These requirements are not met by any observing aystem; aach
asystem has its own sampling procedure and this can create great problems for

comparing observations and for estimating their uncertainty.

When discuseing the accuracy of some basic parameters in the following we

will give some information about problems in the representativenesa too.

{a) Surface pressure

Since the invention of the barometer in the middle of the t7th century by
Torricelli, the surface pressure can now be measured very accurately, within
$0.1 mb. This is a very high accuracy since the variability of surface

pressure is in the order of 100 mb.

16
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This statement muist howaver be qualified for several reasons. RAir flowing
around an obstacle can give rise to local pressure changes which can be in
the order of 1 mb. Such dynamical effects are particularly important on
shipe. Different practices for compensating for dynamical pressure effects
led to a2 0.3 mb discrepancy between the measurements taken on USSR and US

research vespels during GATE.

A further difficulty occurs mainly in the equatorial zone, where a
significant semi-diurnal pressure oscillation associated with the atmospheric
tide is present. This pressure wave (2 mb amplitude over the Indian Ocean)
18 an effect of solar heating and, therefore, locked on local time. Yet,
pressure raports and analysis are synoptic and represent therefore an
instantaneous plcture of the pressure wave which may overshadow weak synoptic
pressure disturbances. This may have a disastrous effect if the first guess
by a forecast model does not capture this pressure wave and if the data
coverage is poor. A proper sampling theory might help to overcome this

problem.

A third problem arises over mountainous areas. As surface pressures are
transmitted as mean sea level pressurea, the surface pressure has to be
extrapolated to thls leval. The assumption about the temperature below
ground will strongly influence the extrapolated pressure. Such an
extrapolation is done for stations up to 800 m above mean sea level. For
such a height, a difference of 1 K in the assumed temperature below ground
makes a difference of 1,5 mb., To reduce this problem the WMO code for
transmission of observational data provides also the possibility to report

gurface pressure at station height.

17



{b) Temperature

Temperature measurements at screaen height can ba made very acouratsly,

perhapa within 20.1 X, because cne can afford to protect the thermomster from
radiation influences but such valuas might nevertheless be highly influenced
by local effacts, e.g. if the measurement i{s taken near a lake, on top of a

hill or in a valley.

More important for numerical westher forecasts are ulqoutur-' measursments
by radiosondes in the free atmoaphere. The main g&m is to make sure that
the thermistor or resistor measures the temperature of the air and not
something else. Efforts have to be mada to ensure a good protection against

solar radiation and to provide reasonable ventilation.

In the troposphere radicsondes measurs the temperature within i1 X. Vaisala
claims an accuracy of 0.2 K (standard deviation) for their most advanced
radiosondes. In the stratosphere the uncartaintisas become progressively
larger. Thia is also reflected by the inatructions by WMC for coding the

data for tranamission.

The problem of inadequate protection against solar radiation is exhibited by
large diurnal fluctuations, especially in the stratosphere. Intercomparisons
of radiosondes from different manufacturers show discrepancies as large as

3 K in the upper stratosphere (and worse for rocket soundings).
In Fig. 7 temperature measurements from several radiosonde types are compared

with each other. The soundings with the FIN (Vailsala) and UK sondes have

been corrected for radiative influences in the pame way as it is done
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operationally. The USA (V1Z) sonde data were not corrected and show large

hilases with opposite signs at 00 and 12 GMT in the stratosphere and upper _ e~

troposphere. These differenceas can partly be corrected hut intercomparisons
between different radiosondes (e.g. UK and FIN sondes)} show mean differences
of up to 1 X after applying correction methods, which indicates the accuracy
of temperature measurements by radiosondes. The random errors of radiosonde
temperature measurements are indicated in Fig. 7 by standard deviations

between the UK and the other sondes, which is mostly in the order of 0.2 K,

The assumed observatiocnal error of temperature in the ECMWF analysis scheme
varies from 0.7 K in the middle troposphere to 1.5 K for the 20-10 mb layver
(see Table 2 on page 27). This is larger than the observational errors shown
in Fig. 7 but the error in the analyeis acheme maist aleo account for the fact
that radiosonde data are not representative for the scales needed for analyses

for mumerical weather foracasts which have been discussed in Section 2.1. ' u

(c) Wind

Turbulent motions in the atmosphera cause rapid fluctuations in wind speed
and direction with time scales mich shorter than the synoptic time scale in
which we are interested. Tharefore there is a higher requirement for‘lonqer
sampling times for wind measurements than for pressure and temperature
measurements, which are mostly not available. Experiments have shown that
for upper air soundings emall-scale atmospheric turbulence can create 2-3 n/8

uncertainty on any instantanecus wind measurement.

Using the track of a rising balloon to measure the wind can create a further

uncertainty as large as 5 m/s for a 500 m layer when the balloon is moving

20

through layers of persistent vertical wind shear. This can be especially

strong in the stratosphere.

Wind measurements in the planetary boundary layer over land are of little use
for synoptic scale analyses because these meagurements are often subject to
large diurnal variation which are only important for local weather. Also
sbstacles and surface irregularities strongly affect the windfield in the

boundary layer.

The accuracy of upper air wind observations dAepends essentially on the
specific sounding equipment. Optical or radioctheodolite tracking leads to
gevere loss of accuracy at vary low elevatlon angles; measurements of
especially strong winds can even be inhibited because of this. S5Strong upper
air winds are generally less accurate dus to resulting long distances between
balloon and ground station. Omega lor Loran-C} wind-finding systems do not
have this limitation and sc they have more uniform errors; they are, however,

not everywhere equally good and usable {WMO, 1981).

Fig. B8 shows a comparison between a radar wind profile and corresponding
Omega sonde data. Note the scalloped appearance of both profiles, which is
characteristic of a distinct layering of the atmospheric flow but also of
gignificant measurement arrors of the order of 1-2 m/s. A more recent
comparison between radar, Omega and Loran-C wind findings {Karhunen, 1983}
show similar discrepancies between radar and Omega systems, and larger
discrepancies between Omega and Loran-C measurements. This will, however,
depend strongly on the geographical region where the measurements are carried

out. The assumed observational error in the ECMWF analysis scheme (see

21



Table 2) ranges from 2.2 to 3.8 m/8 for each component in accordance with
recent estimates by Morgan (1985), who gives values of 3.0 to 3.5 m/a for
vector errors (2.1 to 2.5 m/s for components). The ECHWF analysis scheme

does not distinguish batwean differsnt methods of balloon tracking.
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Fig. 8: Comparison of radar tracking and navigation by Omega
V.L.F. slgnals for one typical radiosonde ascent (from
Lally, 1973).

() Humidity

Measurements of humidity are less accurate than measurements of othar
atmespheric parameters. The relative humidity can be measured within *10% by

wonventional ohserving systems. Advanced sondes from Valsala are said to

22
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have an acouracy of +2%. Thie number represents the reproducability with
sondes by the same factory while sondes of different make may deviate much
more. A mors serious problem is that these data are less representative for
scales in which we are interested, becauss the humidity field is much more
affected by small scale fesaturas sich as cumuluas oconvection, fronts, etc.
than pressurs or temperature ﬂ..ldl. Both problems lead to much lower
correlations betwean naighbouring radiosonde data. Fig. 9 compares
corralation coefficients betwean .-lllll‘l.ntl at neighbouring radiosonde
statlons 1!1 relation to distances between the stations. Dots represent.
corralations of 850 mb humidity data (van Maanen, 1982) and ths solid line
represents corrslations of 500 mb heights fitted by an axponential curve
(Schlatter, 1975). Tha differencs in the correlations is obviocus. Stations
with 500 ku distance have correlation coafficlents of (.87 for the 500 mb

heights and only 0.5 for the humidity.

1
3000
DISTANCE (km)

CORRELATION

-1

Fig. 9: Correlation between observations at neighbouring
radiosonde stations in relation to the distance hetween
the gtations during winter. Solid line: 500 mb height
(from Schlatter, 1975); dots: 850 mb humidity (from

van Maanen, 1982).
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Fig. 9 is iepreaentative for the winter peason - a correspending figure for
summer exhibits even larger differences. Van Maanen (1982) suggests that the
low correlations in the humidity field are mainly due to the high variability
of the field and to a lesser amount due to the inaccurate measurements. To
improve the analysis one should therefore concentrate more on a higher

density of observations than on higher accuracy of measaremante.

Krishnamurti et al. {1983} developed an analysis schems for humidity which

incorporates measurements like precipitation and cloudiness. Ha showed such
analyses to be superior for forecasting in the tropics to an analysia scheme
neglecting these cohservational data. Such an approach is, however, atill in

the developwent state.

{e) Gecpotential height

Temperature and pressure measurements are used to calculate the heights of
standard pressure levels on the basis of the hydrostatic assumption. If the
temperature measurements are systematically wrong at a station, the height
calculationa will be seriously affected. Fig. 10 shows the mean differences
betwaen the radicsconde heights for the 200 mb level and the corresponding
first guess from & forecasting model during February 1979, A dominant
feature is the variability of these biases between neighbouring stations,
aspecially when radiocsondes by different manufacturers are involved. A good
example can be found over Ireland where there is a bias of -71 m at a station
in the north of Ireland and +20 m at a station in the south, which are only

400 km apart. If we assume that this difference is only due to errors in the
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Fig. 10; Mean differences between the radiocsonde 200 mb
height and the first gquess 200 mb height during 6-19
February 1979 (from Hollingaworth and Arpe, 1982).
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temperature measurement, it means that the measurements at both stations
aiffer ;yatemtically by 2 K. A moxe recent recalculation of wuch biases ﬂ ﬁ
shows some improvemsnt. Many metecrological c‘ntrOQ uio statistical

correction methode of obaerved data to compensate for such problems (Langa,

1985).

Uncertainties in the haight field of that amount are quite sarious for
analyaing purposes becauss important atnolphnﬁc d.i.-_hnrblncol are of the same
order of magnitude. It is thersfore nacessary to ul.”oth.r aeasired :
information, namely wind dats, which are connacted tolthl height f£ield
gradients via the geostrophic relation. We have sesn above that the wind
measuraments are not very accurate and the question then arises as to which
of the two measurements one should have more confidence. The wind in the
planetary boundary layer is strongly influsnced by ths local environment
which make them less useful than the height field measursments themselves. ‘ b
With increasing height more and more confidence can be given to wind

meagurements. Thiz 1s also reflected Ly Table 2 which shows the assumed

observational errors used operaticnally in the ECMWF analysis scheme (1984).

The observational errors of heights by radiosondes increases by a factor of

10 from B850 to 10 mb, while the wind error is nearly constant with height. A

random errcr of 3 m/s in the wind fiald measurement results in an error of

30 m/1000 km in the horizontal gradient in the height field at 42°NM.

3.3 Overview of conventiocnal data

We have seen that over the globe the coverage of conventional data is
inadequate, especlally over the tropical and scuthern hemispheric cceans. We

also found that many of the observational data have problems with thae
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TABLE 2: RMS obgervation errors used in the ECMWF operational
analysis schems in summer 1984 (after Shaw et al., 1984).

height exrors {(m)
850 700 500 400 300 250 200 150 100 70 50 30 20 10
SONDE 5.4 6.0 9.4 1" 13 14 15 18 21 25 29 31 3 50
haigbht thickness srrors (m)

1000 @850 700 500 400 300 250 200 150 100 70 50 30 20 10
SONDE 4.2 4.8 6.7 6.3 7.4 6.7 7.2 7.6 9.5 9.4 7.9 11.2 15.2 30.4
SATEMs .
clear 12.0 10.6 15.8 11.8 16.9 9,7 11.1%14.,3 20.2 17.8 17.7 28.4 23.8 40.6
part cl 12.0 $1.7 15.8 12.4 17.7 10.1 12.4 14.3 20.2 17.8 17.7 28.4 23.8 40.6
micro 12.0 12.3 15.8 13.7 19.4 10.1 12.4 14.3 20.2 17.8 17.7 28.4 23.8 40.6

vartical mean temperature arror assumed for height thicknass (K)

1000 850 700 500 40Q 300 250 200 150 100 70 50 0 20 10

SONDE 0. 0.% 0.7 1.0 0.9 t.3 1.1 ¢.9 0.8 0.% 0.
SATEMS

-]
o
.

m
-
.

W
-
in

clear 1. 1.9 1.6 1.8 2.0 1.7 1.7 .7 1.7 1.7 1.8 1.9 2.0 2.0
part.cl. 1.8 2.1 1.6 1.9 2.1 1.9 1.2 1.7 1.7 1.7 1.8 1.9 2.0 2.0
micro 1.8 2.2 1.6 2.1 2.3 1.9 1.9 1.7 1.7 1.7 1.8 1.9 2.0 2.0

wind component errors (m/s)

1000 850 700 500 400 300 250 200 150 100 70 50 30 20 10
SONDE|2.2 2.5 2.6 3.1 3.7 3. 3.3 3.0 2.8 2.4 2.4 2.4 2.5 3.1 3.5
PILOT
SATOB 2.5 2.5 2.5 2.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

AIDS
ASDAR}3.5 3.5 3.5 3.5 3.5 4.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
AIREP

surface observations

PAOBS (1000 mb helight) 32.0m ({4 mb)
SYNOP/SHIP {1000 mb height) 7-0m (0.9 mb)
DRIBU (1000 mb height) 14.0 ¢ (1.8 mb)

SHIP (wind component} 3.6 m/a
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accuracy or representativeness to be of optimal usefulneas to analyse the
initial field for numerical weathar forecasts. Table 2 gives an overview of
the agsumed observaticnal errore in the cperational ECMWF analysis scheme

{1984}.

Accuracies given in this section refer to cbaervational data which have been
handled and transmitted correctly. In an cperational environment, however,
error happen and Hollingsworth et al {1985} have shown the large impact of
strongly errcnecus data in the analysis—forecast scheme. Avoiding such,

often human, errors would lead to large gains with little extra cost.

In the next mection we will see how far satellite data can complement or
replace the conventional data and in Section 5 both data sources are compared

with each other.
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4i. USE OF SATELLITE DATR IN NUMERICAL ANALYSIS

In April 1960 the first meteorclogical satellite, TIROS 1, produced the first
televigion plctures of the earth's surface and its weather systems. These
pictures immediately proved to be very useful for meteorologists to improve
weather maps and cloud analyses qualitatively, and they have become a
standard tool for operational forecasting - especially for short range

forecast and the warning and tracking of tropical storma.

This qualitative usage of satellite information will not be further
investigated here, though it should be noted that cloud formations can be
transformed to gquantitative data by empirical rules (of. Section 4.4).
Instead we will concentrate on the usage of temperatures calculated from
gatellite meagpurements of radiances in small apectral bands and the usage of
winde calculated from drifting of cloud formations. A more comprehensive

overview of asatellite data is given by Johngon (1985).

From Fig. 5 (SATEM and SATOB) it can be seen that such data have a much more
uniform distribution over the globe and may be very useful for filling the
gape which are left by conventional data. Ome disadvantage of data from
satellites, as from aircrafts, is that their measurements are not carried out
synoptically which leads to errors in most present analysis schmes - however
new techniques might overcome this problem. In Section 5 we will also

consider if they can even replace conventional data.
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4.1 Satellite temperature measurements

The possibility of inferring the vertical temperature structure of the
atmosphere from satellite msasurements of spactral radiances in the 15um
absorption band of carbon dioxide was first wuggested by Kaplan (1959). On
the baals of this suggestion, two instrusencs wexe developed and flown on
Nimbus 3. Thesa were the Satsllite Infrared Spectromster (SIRS) and Infrared
Interferometer Spectromater (IRIS). Thess pionsering sxperiments confirmed
the feasibility of retrieving useful temperature 1n!oﬂl§ion from purely
spectrophotometric measurements in cuter space, ut thcylallo indicated many
problems, Hayden (1979) gives a more rectnt“. summary over the principles of
remote soundings. The retrieval of temperature soundinga in cloudy
conditions still remain unsatisfactory. The detrimental sffect of a
correlation between the inaccuracy of data and active weather regions (that
i3 where cne finds clouds) has been demonstrated by Baumhefner and Julian
{1975). Comparisons between temperaturs soundings by satellites and by
radicsondes showed RMS-differences of 2-3 X (cf. Johnson, 1985)., Satellite
data have the advantage that they represent the horizontal and vertical
scales in which we are interssted, and a part of the differences between
radiosonde and satellite scundings may be die to the fact that radiosonde

data contain unrepresentative small scale features.

An uncertainty of 2-3 K make the data less useful for tropical regiona
because it is larger than variationa within tropical disturbances, but the
data are widely used in the southern hemisphere mid-latitudes. Satellite
temperature soundings are sometimes affected by systematic biases which then
effect large areas, e.g. over cloudy areas as already mentioned abovg. For
the analysis schemes it is very difficult to detect gsch biases or to

compensate for them. The impact of biases can be very detrimental. It has
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therefore been suggested that satellite horizontal gradients of temperatures

should be used instead of temperatures themsalves-

4.2 Satellite wind nengﬂnnﬁ

Clouds which are not very active drift with the mwan atmospheric flow and it
might be possible by tncing thdh;.’oaitiunl to estimate their velocity and
thersby the velocity of tha Qw.n, In spite of tha very high resclution
of satellite images, it is usually not pouiblo %0 resolve individual clouds.
Also the life cycle of :Lndivimo_,;. glouds is of the same order as the time
interval between successive .Lllqu- To use satellite images for tracing
clouds one has to restrigt the method to moderately weak but persistent
meso-scale perturbations of the lun flow and the loloudinasl aspociated with
such perturbations which can b4 recognised for mors than one hour. On the
other hand cne has to axclude cloud systems which 4o not move with the
airflow, e.g. atationary lenticular clouds or frontal clouds. Typical cloud
formations used for such tracing are cumulus clouds or cloud systems in the
trade winds and blow off cirrum from convective cloud clusters. However
there 1s a problem in estimating the correct elevation of the clouds. In
earlier times it was aassumad that the clouds were assoclated with the 900 mb
and 200 mb level respectively. Nowadays radiometric measurements of the
temperature at the top of the clouds are used to determine the cloud height
by comparing them with profiles of temperature against height at that
position, perhaps using the first guess from an analysias scheme. A summary

of the wind derivation is given by Hubert {1979).

It is difficult to estimate the error of the cloud tracking winds. Suchman

and Martin {1976) found differences between radlosonde data and cloud winds

n
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of less than 3 m/e. Cloud winds may even he better than radiogonde winds
because they represent the mcale of motion which are important for numerical
weather forecasts. On the other hand they are more affected by blases,

e.g. they are more likely to underestimate high wind speeds, hardly reporting

values of more than 10¢ m/s.

In the ECMWF analysis scheme the assumed cbservational error for wind
components from satellite is 3.5 to 5.0 m/s (Table 2) which is clearly larger
than those for radiomondes; this ia in agreement with investigations by

Morgan (1985}.

The importance of cloud drift winds for the ECMWF analysis acheme is
demonatrated by Fig. 11 where mean differences of the 850 mb wind hetwasen
analyses using cloud winds and analyses not using cloud winds are shown. The
impact over tropical oceans is obvious. Differences of more than 2 m/a are
widely spread. Comparing the difference field with the mean wind field {not
shown) reveals that the use of cloud winds enhances the wind speed of the
trade winds. Forecast comparisons from the different analyses indicate a

clear advantage of uging the cloud tracking winds (xgllberg, ot al. 1.982).

4.3 Humidity data

Radiance measurements in the microwave bands make it possible to estimate
soundings of humidity from satellite. These estimatea are still very crude
and not mich ig known about their characteristics. Atmospheric humidity has
often strong vertical gradiente in the lower troposphere which cannot be
resclved by present retrieval methods. 1In addition molature retrievals are
strongly contaminated by clouds. Cadet {1984) demonstrated, nevertheless,

their usefulness but Ffurther work is needed.

1: Differences between averaged 850 mb windfield
analyses with and without the use of cloudtrack winds (from

Kf1llberg et al., 1982).

1
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4.4 Bogus data

From the very beginning, experienced meteorologiste have been able to
recognise significant cload patterns and assoclate them with the development
of weather systema such as frontas, tropical disturbances, and, in particular,
hurricanes. Through subsequent years the subjective analysis of thase
qualitative cloud images from space has been parfected to such a high degree
of accuracy and reliakility that "bogus™ surface pressure and 300 mb
geopotential height data over oceanic areas are produced routinely by
axparisnced human analysts and fed intc the computesr with ramarkably good
results. In many cases these data have been so sccurate that the replacement
of the "bogus data"™ by the first objective determination of temperature
profiles obtained by remote sensing (VIPR data) showed very little
improvement, if any. The bogus data are still produced operationally in
hustralia and distributed world wide. 7The problem with these data is the
variability of their quality. At ECMWF only surface pressure astimates are

used assuming quite a large observational error (see PAOBS in Table 2).

4

5. OUTLOOK FOR FUTURE DEVELOPMENTS FOR OBSERVATIONAL DATA

It has already been mentioned above that generating, processing and

transmitting of cbaervational data is very axpansive. As some variables are
provided by two or more systems, it would be of considerable economical value
if one could perform forecasts of the same quality on the bagis of a reduced

cbserving system.

Because of the unique coverage with data during PGGE, these data have been
used to perform analyses and subsequent forecasts using subsets of
cbhaervational data, in which the one or the other obsexvational data source
has been excluded, Fig. 11 has already demonstrated the impact of cloud
windgs on analyses. In Fig. 12 we find ancther example showing RMS 500 mb
helght differences between analyses with and without the use of data from
satellites and commercial ailrcrufts. The Gifferences in the northern
hemisphere are considerable and are even larger in the southern hemisphere.
To find out if the differences between analyses from different subsets of
cbservaticnal data are important, forecasts were carried out and their skill

scores were used as a measure of the quality of the analyses.

Fig. 12: RMS differences of
500 mb height fields between
analysea using all data and
analyses neglecting satellite
and aircerafe data during 9-18
November 1979 (from Uppala,
personal communicatien).
Contour interval 10m.
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The impact of different sources of observational data on medium range weather

forecasts is demonstrated by Table 3.

TABLE 3: Length of forecagts with useful information.
The time until a drop of the anomaly correlation
confficlent below 60% is given.

Units: days {Bengtsson, 1983}.

Use of data for the Northern Bouthern
analyaes Hemisphere Hemisphere
All FGGE 7.0 5.5
All FGGE except 7.0 3.5
satellite
All FGGE except 5.5 3.5
patellite and alrcraft
All FGGE except radiosonde 5.7 4.7

There are some indications of redundancies between alrcraft and satellite data
but on the whole one cannot find a single data source which can be replaced by
others without loss of forecast gquality. The impact of radiosonde data in the
gouthern hemisphere is small because there are only few radiosondes available
and the impact of satellite data in the northern hemisphere is amall bacause
of the relatively good coverage, and higher quality of conventional data. 1In
future we cannot expect the amount of radiosonde stations to increase, it is
more likely that even more weather ships will be withdrawn and therefore
satellite data will hardly become redundant. The only hope of saving
observing system costs lies in improvements of satellite data quality and/or

in improvements of processing the data.

An improvement in the processing obpervational data may be achieved by better

analysis systems. By using better forecasting models in the analysis cycle,

it should be easier to detect erroneous observational data and the
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extrapoclation of information from data rich regions into data aparse regions
could be improved. Then the existence of gaps in the data coverage may be of

less importance.

In Fig. 13 the RMS differences between analyses using different systems
during a perlod of 5 days are diaplayed. The input for both analysis systems
wag identical, namely the main FGGE level II-b data set. Differences between
the analysis arise only from the analysis systems for a mumber of reasons.
Detalls can be found in Hollingsworth et al. (1985}. An important reason for
differances comes from the criteria used to decide if an cbservational datum
ghould be accepted as correct or if it should be rejected. Differences in
such decisions can lead to very large analysis differences when observational
data conflict with each other. The differences between the analyses in

Fig. 13 are larger than one would expact from the available density of
observational data and their assumed accuracy. Large differences often
exhibit impacts of few obsarvations with larger errors which were accepted by
one or the other analysis schemes. Detecting such erronecus cbservation with
improved analysis schemes may yield better analyses even without changes in

the quality and density of cobservational data.
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200mb wind

Fig. 13: RMS differsences beween analyses made with tha ECMWF
and with the NMC analysis scheme using the same
observational data during the period 15-19 Frebruary 1979.
Area mean RMS differences north of 20°N are given in the
lower boxes (from Hollingaworth et al., 198%5).

Left panel: 500 mb height; contours 2 dam.

Right panel: 200 mb wind; contours 4 m/e.
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6. DATA COLLECTION

We will now cover some operational
doing forecasts as quickly as possi
will be investigated. Here we will

collection.

To find out the required horizontal

agpecte in which the conflicting aims of
ble and doing them as well as possible

cover only the aspects concerning data

extent of data coverage for (numerical)

weather prediction, wa have to do some simple calculationa: atmospheric

impulses generally propagate with the group velocity G which is given by the

[

expression:

g=e¢ -1 38

where ¢ is the phase velocity and L the wavelength. The group velocity of

pure gravity waves is the same as the phase speed because the phase velocity

does not change with wavelength - they are non-dispersive. The phage

velocity of Rossby waves is wavelength dependent, in the simplest case the

phase velocity can be calculated by

r’s

c =g ~
4n2

where U is the mean undisturbed zon
Coriolis parameter with latitude.

velocity yields:

al wind speed and B the derivative of the

Using this relation to calculate the group
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The group velocity is always larger than the mean zonal flow and larger than
the phase velocity of the waves. In Fig. 14 this is demonstrated by means of
4 trough-ridge diagram. It shows the differsnces of the 500 mb height fields
between forecasts based on two analysea which daviated only in a small area
ovar the north eastern Pacific. The wave front propagates with a speed of 24
n/e to the east while one finds only much slowar phase velocitias of aingle
waves of about 10 m/s. With an average mean flow (U) of 16 to 18 m/s these
velocities agree favourably with the above aquations. Fig. 14 shows also
that interactions between the propagating disturbance and the undisturbed
flow leads to amplifications of differences after a few days into the

forecasts.

Longitude
180° 225° 270°  315°  360° 45° 90° 135° 180°

b
101 i
‘ -
? 3
[N
L]
v
£ V]
£
5 1
g ]
Q
® |
|
I B
24
10 4 ALY s
—10 50-10 10 -10 10

Fig. 14: Difference between 500 mb helght filelds of two
forecasts of which the initial fields differ only over a
small area over the north-eastern Paclific. Data are averaged
between 35° and 55°N (after Hollingsworth et al., 1985).
Contours at 10, 50, and 150 m.
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In Fig. 14 it is shown that information of initial disturbance travels three
quarters around the world within 10 days. The equation for the group
velocity shows a quadratic dependence of the velocity from the wavelength.
Disturbances with double the wavealength of those shown in Fig. 14 will
propagate with four times the speed, which means that information in the
initial analygis can move around a latitude circle within 3 days. We have
therefore to conclude that one neads jinitial information from a hemispheric
domain for forecasts up to 5 days and global information for longer
forecasts. ‘This general reasult is supported by the work of Baumhefner (1971,
1972) and Miyakoda and Umscheld (1973}, in which the effect of a tropical
wall on the flow in middle and high latitudes was investigated. After we
have seen that we need to collect meteorological information from the
hemisphere for forecasts up to 5 days and from the globe for forecasts beyond
that, we have to estimate the available time to collect the data and to

process them so that the forecasts will be avallable to the customer within

an acceptable time after cbservation.

If we aasume the time hetween observation and availability of the forecast
{total processing time) is one order of magnitude less than the length of

forecast time, we come to the values given in Table 4.

This time includes the time for doing the observations, for the data
transmission, for performing the analysis and forecaat and for dissemination
of the forecast to the customer. There are some extra operational

constraints, e.g. the interest of most customers to receive the forecasts in

early working hours.
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AVERAGE ARNVAL OF TEMP/ TRMPEHS® APTER 12X

INTERVALD OF 30 WIMUTRE. TRET PRAIOD 1-W0 MARDH 968

TABLE 4: Maximum allowed total procesaing time for ~ '
forecaats of different lengths.

Forecast length Total processing time
12 hours 12 hours
1 day 2-~4 hours :
3 days - 6=8 houre i
10 days 1 day :
L ova ;
|

A compromise between the aims of collecting as many as possible observational

data and an early as poseible start of the processing of the data (cut-off

time) has to be found, To provide a guide, the average arrival time of

radiosonde and ship data during a trial period, 1-10 March 1983, ia given in Fig. 15: Average arrival time of upper air soundings (TEMP

and TEMP SHIP) after 12 GMT observation time in intervals of

Fig. 15 and 16. The recepticn of data from the whole globe and from south of 20 minutes at ECMWF. Tegt pariod 1-10 March 1983 (from
Akyildi al communication).
10°N is treated separately because of the sparse covarage south of 10°H. ‘_/ ¥ . peraon e )
' AVERAGE ARRIVAL OF SHIF OBSERVATIONS. AT BOMWE
Note the different scales in the ordinates. 95% of all received radiosonde mgn S - .
REPORTS
data from the whole globe is normally collectsd within & hours after 160

140 +

observation time and 95% of the radiosondes south of 10°N arrive within 120 1
100

8 1/2 hours. For ship chservations the time to collect 95% of all received o |
data takes longer namely 8 1/2 hours globally and more than 11 hours for data 40

south of 10°N. ’ o

30

QBSERVATIONS FROM SOUTH OF HI'N

At ECMWF the cut-off time for 12 GMT observational data is 8 1/2 hours and oL s e

considerably longer for other cbservational times, which provides a good data 20

LATER THAN 51 HOURS 204

coverage also for the southern hemisphere. Such a sgchedule allows another 10 10 757 88.5°;
hours for performing the analysis and forecast, and for dissemination to make
MI_FL
the forecasts available to customers in the early morning for most member °° 2 5 45 6 7 8 8 @0
HOURS
countries. L. ' Fig. 16: Average arrival time of surface ship observations

after 12 GMT cobservation time in intervals of 20 minutes at
ECMWF. ‘Test period 1-10 March 1983 (from Akyildiz, personal
comminication}.
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7. REPRESENTATION OF SMALLER SCALE FEATURES IN OBSERVED DATA

Above we have dealt with the problem of how observational dara fulfil the
requirements for analysing initial fields for rumerical forecasts. It was
stressed that horizontal scales of 1000 km or larger should be represented by
the data. Very important features in meteorology are the frontal zones which
are connacted with the most important weather phenomena in dajily life and
which are of mach smaller scale. A main task for short range Forecasting of
the meteorclogist has been to identify the position of fronts on weather maps
and to estimate their further develcpment. The Norweglan (Bergen) School
developed In the years following World War I a model of the typjiecal cyclone

structure which helped considerably to understand and predict the weather.

Fig. 17: Vertical section across the USA at 21 January 1959
12 GMT (from Palmén and Newtan, 1969).
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Knowledge of the typical cyclone and front structures helps to analyse

weather maps also in data voids in a consistent way:; cloud structures can N n ¢
provide information about the free atmosphere from surface atatjons. In u : Lu bt W e ewe mE e L1 -
Fig. 17 we gee a cross-section through a trough over the USA on 21 January . - [”"5’, -
1959. Dominant features are the very sharp changes of temperatures along the ) / ( S “*
frontal zones and different haights of the tropopause sbove different air 7
magses. The analysed temparature fields show mostly very homogenscus . 7 ' ) f "y
distributions with large changes only at the frontal sones. For this Tt HH — ¥ ’
analysis an idealized cyclone and front modsl was used to fill the few gaps s ) .,’", )
without measurements but most areas are well coversd with data which f£it the d g / "/' d as i‘
model very well. . ) ™ // y (/' !" - \
. / 3 “\.“) \ £
Ll
This analysis was made under very favourable conditions concerning the W \ .
density of measured data and a simple interpolation procedure for analysing w&u&m-m : '.
the temperature field would have given a aclution which would differ only in . o / g
small details. HWormally the data coverage is much worse and the quality of we B e
the analysis depends much on the skill of the analyst or the analysis scheme. ii?: :g;z?m.l 300 mb temperature analysis (from Defant et
A8 an example of the use of the front and cyclone model we see in Fig. 18 a -
manual analysis of the 500 mb temperature. One finds there nearly Using Fig. 19 we want to investigate how far the ECMWF analyeis scheme can
homogenecus alr masses: polar air ranging from -32° to -40°C, air of the represent thess metsorologically important features. For the 700 mb level
mid-latitudes from -20° to =27°C and tropical air from -13° to -20°C. The air the cperational tamperature analysis is compared with a manual analysis,
masses are clearly separated by strong baroclinic zones. From the available which accepted all observed data ae being correct and no reasons were given
observations at this level (given as numbers in Fig. 18) it is not immediately to reject any of the data. The hand analysis showa a strong concentration of
obvious that such strong frontal zones exist over the northern Atlantic. The isotherms between -10° and -16°C and perhaps a second somewhat weaker
analyst got his knowledge of the position and strength of the front from time concentration between -4° and -6°C igotherms. The ECMWF operational analysis
series at each station and from the vertical structure of each sounding. ghows a more regular distribution of isotherms. For a more detaliled h
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Fig. 19: 700 mb temperature analyses at 1

Fig. 21: Temperature sounding at
Schlesawig 10035 (solid line),
Lindenberyg 09393 {(dotted}, and
Wien 11035 (dashed) at January

5 January 1983 00 GMT.
Left: Manual analysis accepting all observed data.
Right: Operaticnal RCMWF analysis.
Contour interval 2°C.

Operational analysis

Manual analysis

1983 00 GMT.

Fig. 20: 700 mb temperature along
a line from the North Sea to
Thessalonikl at 15 January 1983
00 GMT.

Dots: obmerved dataj;

solld line: manual analysis;
dashed line: operational analysis.
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comparison, Fig. 20 shows the obgerved values together with the analysed ones
along & line from the North Sea via Wien to Theasaloniki (indicated in

Fig. 19 by a bold line}. The operational ECMWF analysia, as displayed here,
may be smoothar than the original analysie because of interpolations from the
original grid via spherical harmonics to the plotting grid and it should also
be mentioned that the scheme analyses thicknesses between standard levels
instead of the temperature at a level. Nevertheless, we see that the
analysis scheme has done what it was told to do: it fitted a amooth curve
which deviates from the cbservations according to the specified cbservational
error. The stronger gradient in the manual analysis near Lindenberg is in

accordance with our knowledge of the structure of a front but this in not

incorporated into the analysis scheme.

In the manual analyais supported by the observations a double structure in
the gradient can be found with a reduced gradient between Praha and Wien.
This may indicate the sxistence of a subtropical front south eaat of Wien or
at higher levels above Wien. Hadiosconde soundings shown in Fig. 21 support
this suggestion: Schleswlg repressnts clearly an ascent within polar air
magses. The tropopause is low, the tropospheric temperatures are low and the
stratosphere is warm. The sounding at Lindenberg is cold in the lower
tropopause like polar alr; above 500 mb it has the structure of alr masses of
the mid-latitudes with a tropopause at 254 mb. The 700 mb level lies in the
tranaition between both air masses which is the polar front. The pounding at
Wien shows warm ailr throughout except a very shallow layer at the surface.
Its high tropopause of 194 mb indicates that the upper part of the sounding
lies within tropical air masses and some inversions around 700 mb may

represent the subtropical front which separates tropical air masses from the
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those of mid-latitudes. The subtropical front is often not aa clearly marked

as the polar front in the temperature field and was alsc not analysed in the L f-‘}
crogsa~gection by Palmen and Newton (1969) in PFig. 17, although a faw
indications for ita existence in that cross-section are given. We do not want
to carry thia diascussion further but the sxistence of a msubtropical front
would explain the double structure in Fig. 20 and it would suggest that the

wanual analysis should snhance the temperature gradisnt south west of Wien

.

even further.

Thess examples indicate that there are ﬂlllu'. scala .u'll.ctur.l resclved in
the obssrvational data which can be interpreted and incorporatad in the
analysas by using our knowledge of the atmospheric h.haﬂ.our. aven if the
denaity of observational data is not sufficlent to analyse these scales with
straightforward methods. Defant and Taba (1957), and Baese and Arpe (1974}
wo

tried to quantify the knowladge of alr magses and frontal structures to

provide help for analysing them.

For present forecasting models which have coarse resolutions compared to
these structures, this information is not needed or may even be detrimental.
Future modela with higher resolutions will probably nesd frontal structures
in the initial data because they are the areas where the most ilmportant
processes take place. It will require cbservatiocnal data with higher

resolution also over the coceans.
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