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AVIATTION SIGNIFICANT WEATHER CHAR™S, DERIVDD FROM 10-LEVEL MODEL FORECACT
DATA,

by P. G.Wickham and S.K.Rich

TNTRODUCTION

This is a report on an investigation, cerried oul between Hovemver 1975
and Februasry 1976, into the extent to which forecast data from the 10-level model
(coarse-mesh, octagon, version) might be used to produce high=level significant
wosther charts automaticallye. '

The sim of the project was not tov prcduce an operational system in any
particular respect, but simply %o have a preliminary look at the problems in
their broadest terms; to get & 'feel' for whal is possible and where some of
the vroblews lie,

Forecast charts were produced routinely over & pericd of two months in
January/February 1976 and some exsmples are included, but the forecasts have not
been verified &gainst any actual cbservatio s,

Operational significant weather charta « Those currently supplied to airerew

(1) refer to levels above K)IOmb
(2) refer to a time=-span % 6 hours sbout the nominal forecast time
(3) "significani"™ weather ic defined broadly as weather which could have &
hazardous effect on eirfraft in ight, namely:
Moderate or severe turbulence
Moderate or severe icing
Freezing rain
Hail
Thunder/1ightring
Tropical storms
Send storms
(%) in addition the charts normally diaplay the locations of
Major surface pressure centres (with central presswe aud expecied
movement)
Surface fronts (with expected movement)
Jet-stream axes
Arses of Cb cloud (with depth) and frontsl cloud, dense erough to
produce severe icinge
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The nurerical dats used nave huen (T%ZA) forecasts Trorm the cetagon =

(grid@=length=300¥m near the i'orth Pola)e This simulates @ forecast chert valid

vetween 18=30 hours after the d ata %inma.
"he data items available from the numericel model above LOCmt are as followa:
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Winds &t 400, 300, 20Cmt were usec-for the displsy of jet-streems and turbulence,

'tjjo and h'350 for icinge Herizontal and vertical deriv,tives of u,v,ws were

#1s0 used for turbulence, In addition, the surface pressure was compuied froa

hyooy 20 hig- e

METECROLOGICAL ELEMENTS PLOTTED ON THE FORWCAST CHARTS,

Surface pressure cenires
A high (or low) pressure centre is identified where a maximum (or minimum)
pressure value occurs at the middle point of a 5x5 array of grid-point pressure
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The nurerical dats used nave huen (T’s‘-22+) forecasts fror the ccetagon -

(grid=lensth=300km near the llorth Pola)e This simulates & forecast cheri valid
vetween 18=30 hcours after the d ata %ima,

"he data items available from the numericel model above LOCmt are as f'oll-.
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Winds at 300, 300, 20Cnmt were used-for the displasy of jet-streames and turbulence,
"350 and h' 350 for icinge Herizontal and vertical deriv,tives of u,v,ws were
#1s0 used for turbulence, I addition, the surface pressure was compuied from

h1003 snd h* 9'»0'

METECROLOGICAL ELEMENTS PLOTTED ON THE FCRNCAST CHARTS,

Surface pressure cenires

A high (or low) pressure centre is identified where a maximum (or minimum)
pressure value occurs at the middle peint of a 5x5 array of grid-point pressure
velues,

Thus no centres are identified in the outermost two rows of grid=-points of
the octagon areas Alsc, highs sre only considered significant if pma.x} 1025mb
end lows only if Pk &{ 1005mb, A further device for discardinz svperflucus
contres is to reject the one with the lower piessure where two high pressure centres
ere identified within 5 grid=lengths (1500km) of each othere

The average number of pressure centres plotted on each chart was 15, which
seened the ootimum number if the chart{ is not to become over=cluttered with un=-
important details One of the practical Aifficulties met in sutometic chert
presentation is the over-writing of symbola nf varicus kinds. It is advisable
that less important parameters (sueh as surfece pressure oentres) be restricted to
& minimume ;

No attempt was made to cveluate the forecast movement of the surface pressure
centress Past expericnce within the Brauch has ahown thal with data only evailatle
et 6=hourly intervels, the wiembiguous identificsation of a given pressure centre




yom ons Gaiz=set Lo the next is difficults With hourly data~seis tho probl-m
beccmes solublee
Jet=streans
The largest amount of effort in the project was airected towards this item.
The essence of the exercise is to draw a smocth curve \represantmg the jetr saxis)
¥ through the general line of wind=speed maxima given by the forecast grid=point values,
where the lattar are not completely smooth but exhibit e certsin amount of noise or
% roughnesc,
Initially only %the forecast wind fizid at 3C0mb was used for identifying the
jets, butluter the 400, 300, 200zt levels were 211 used. X lower speed 1lirit of
i5 /s was the normal criterion for e grid-point wind to be included in & jet-stream.

The basis of the technique used for -t l { - i
=+ x’“mé':‘%

drawing the jot-stream axes was a sinple .

! i
£ o F
procedure which works well in the normal 9 I i
case of an elongated jet with smell curve=- %
ture, but which was found to be unable to cope with some rare, complex patierns.

After identifying the elongated jet area, it is split into sezments and a swocth

(double=lined) curve drawn through the wind maxims in each seznent. By inspecting

the wind-directions &n arrow heed is 2dded to tne down=wind end of the curve.

Local maximum wind speeds are enditered in small boxes every 1800km alcng the

curve,
Practical problems encountered:

(a) Very long jets.
It wes frequently found that jets extending over 30 grid-lcngths (9000im)
occurred in the Asiatic/Pacific sector of the charte With ihese fe.tures there
is difficulty in eliminating wobbles in the drawing of the: jet axin, while at
the same time inciuding synoptically significant festures of a similar scale.

(b) Short jets.
A jet war normally taken to bo = significant feature if it occupied at least
12 grid points {each of the 12 being contigucus with at leest one other. The
whole pattern may be a veguler 3 x 4, or something very irregular in shape) «
Saaller jets that were located near the UK., were also included, but a
difficulty with these was to satisfuctorily identify the minimum number cf 3
noints along the short jet sxis which was required by the curvoe=drawiug routinec.
The resulting jets were noiuwally unnatu ra,.ly straight, or sometimes incorrectly
curved,

(¢) Abnormelly shaped jets, :
Klthouzh ithe majority of jets fell into the stendard elongated pattern there are
neny vuriations fiom thise Some of these seem likely to be difficult to handle
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even with a more sophisticated systen than that used in this project,
Prohably the most important, and the most difficult, Is a double~jat
patterne This may take the form of e . ¢~

confluence of two jets, poasibly at
different levels (e.g. poler jet and

sub-tropical jet) or it may be =

tifurcated pattzm,
in these cases, unless the two arms

of the jets can be unmmbiguously defined

(either by their levels or their wind >
directions) it was found to be very hard to ,/"’; \\.

avold absurd drawings in which the jet — <2 N
axis 1s shown to cscillale firom one erm ;’We/ﬂ ‘ \; _

of the jet te the other,

Other variations from the standard pattern, which caused some difficulties
in analysis, were an occacsional quasi-
circuler jet around n cut-off cyclonic ! Lew >

centre or the more ususl, sharp Veshape
pettern which occurs when beth arms of u."'
the flow wround an upper trough (or rid_a)

are equally stronge

Airfrane icing.

The symbol r\f‘ is used %c signify a high risk of airfreme icing at forecsst
grid-points where high relative humidity is coupled with a temperature in the
range 0° to -w°c.

In the 10-level model; there is only one layer above LOOmb which contains
moisture (350mb)s The particular values used for plotting the icing symbol were:

h' 350> 20201 (corresponding to & tempersture warmer than =32°)

(ot 54
RH355;' 355 :
No verifications were made on the accuracy of the forecasta, And since in

Janusry = February it is very rare to have temperatures warmer than -w°c in polar
air-mpsees eb levels abuve 40Omb, neerly o1l the forecast icing symbols oceurred in

latitudes south of LO°N, So even to check the synoptic reesonathleness cf the forscasts

was difficuit,

The particular values of the icing diseriminaters were chesen mainly with e
view to liniting the extent of the icing aress and minimising the ‘emount of over=
printing wiilk other symbols,.




Clear Air Tucbulence

K brief attempt was mede to utilise some 'empiricsl formulae' which heve
been éevised in Mei«0,2 for forecasting CAT ucing numerical date derived frox
esrly versions of ihe 10-level models However, further informal contacts with
Het,s045 indicaied that the current formulation of the model did not produce com=
rarably good results., With this information it did not seem worthwnile pursiing
the Met.0.9 apprcach end there was no time to cmbark on arnything new,
The symbol JL , to indicate CAT, has been plotted on our charts on the simple
criterion:
Wind-apeed %50 n/s et any grid-point which is not part of & jet=stream
. praviously selected for display by the program.

Surface fmonts

It was originally intended to utilise other work going on in the Branch to
draw surface frontel positions on the significant weather chartse It was not
possible to incorporate this feature in the time available,

SUMMARY

There are many probiems, beth of interpret.tion and presentation, which should
be tackled vefore the currcnt hand-3rawn significant weether charts can be
adequelely reproduced by automatic methuds,

Meteorvicsical aspects,

Sonme features of # significant weether chart could be reasonably well
represented by automatic means now = {though with an unknown accurssy. For example:
surface centres, jel stireams,

Others could be added to this category, though the effort required might well
be out of proportion to tie resulis atteirable = e.g., movement of pressure centres,
frontsec

With further research some progress could te made towards the identification
of areas of Cb, areas of CAT and areas of icing, It is difficult to assess how
useful sucihr forecasts would be, a8 derived from model dstae

her neteorologicsl elements seem rather unlikely ever to ba forecastable
from 10-lcvel model data (e.g. tropical storms, sand-storns) and there are others
for which the prospect is only slightly less bleak (e.g. hail, thunder, freezing
rain, distinzuising moderate from severe intensities of icing or CAT) o
Presentational aspects,

It nesds only a little experience of this kind of work to convince ons that the
ebility of the human brain to pick out the significent features from & mumber of'

more or less noisy patterns is extremely hard to match by automatic meihods. And
the standard of presentation achieved by subjective means is the standard which nucs
be approached by objective techniques if their results sre to aerry convictiong
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limong the problems which need teckling in *ae precentation of automatic
sharts (=nd which woull require much effort for vather specinlised returns, are:t
1 MAyoiding the overprinting of symbols and figures.
2o Drawing smooth lines which eliminate noise but preserve real short=wave
features,
3¢ Recognising irregular (or Aizeontinuous) eoreas of a certain type of weather

- a8 i Y . 4 ) . - - .
and outlining (or shading) them in distinctive weyse




diegrams Jollow:=

Four paiyrs of

In ench pair (a) is a significent weather chart

(v) is a strealine chart (with a 45 m/s isotach

included) for 300mb winds for comperison with
the jetestreams drewm on the significent weather
chart,
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