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ABSTRACT

A quantitative technique for the 24-hour prognosis using kinsmatic
principles with graphical mesthods is desoribed at hand of eight models. An
oxample of an aotual forecast mede iz added.

L 2N BN

The analysis of surfaoe sharts over nearly 130 years has taught us that
the variety of synoptic situations is nevsr ending, sand that these situations
oan take the moat surprising turns inside of ‘wenty-four hours. 1In spite of
extensive development and improvement of net and gquality of observations, and
in spite of many thecretioal axnd synoptio studies, the short-term prognosis
based on the surface oharts alone has not led to results which ere even
approximately satisfaotory. In tiis paat two decaiss, foreoausters have drawn
more and more on current uuper air charts, most receantly hemisphers sharts, to
er3ist in the surface proguosis, sinoce the upper layers exert marked conir.l on
the low levels. Evidently, this approach would bs more satisfactory if reihods
are devaloped that predict the upper flcw independsnt of any surfaoe oconsider-
aticzns, go that beth ocurreat and prognostic uppsr air charts are available for
aid in the surfaoe prognosis. Here it is not just & question of displaoing
prognostioally a oertain wave struoture. It is of speoial importanse to pre-
diot oonoentrations of the oomtour linsc and areas with weak gradients, since
tnoas properties of the upper wind fiald are clnsely linvsd tc predietions of
development and motion of the sur’eso presssuro disturbances. This articls has
the objeotive of presenting sueh s mathod.

The problem of predioting of the upper econtour field, ewsn for 24 hours,
is not en easy ore. It has been ettacksd in various ways, ell quaiitetive or
senmi~qualitative, and none sufficiently satisfastory to have founa general
acosptance in forecast offices. The prediction of the upper height field muet
be oompleted with sufficient speed so that it is oompleted when ths vime for
prediotion of the surface pressure field arrives. In genoral, one hour at most
is available for the upper prognosis, usueally less. This is a nearly

attempt, given initial or boundary oonditions, to predict the upper preossure
field by integration. Methods that utilize high speed computing mechines.
now in the ressaroh stages, are to be excluded from this commsnt. All other

'A report on researoh ocarried out under contracts be*ween the Bureau of
Aeronautics, the Qffice of Neval Research, and the University of Chieago.



=

bre S A

= ———
v o G

——

e S T —~

- g A

2 P R

s o

e et e i e, et e e S e,

} mordapepfe e 1

=

teohniques with thenretioal background work with models, thus naglecting
feotors that are more or less important. Their results are applicable only
in ocases in whioh the influenoce of these faotors rea.ly remains insignificant.

The prorcedure to be desoribed here will yield a prognosis for one-half %o
twe~thirds of the hemisphere and sovering latitudes 20° to 76° in not more than
one hour. 1f subprofessional personnel is available to assist the forecaster,
the time required oan be reduoced materially. Essentially, the techniquo oon-
sis.s of a routine of kinematio extrapolation. As will be seen, however, it
aliso prediots the very important ohaanges of oontour configuratinn alofi, and
the deepening and filling of troughs and ridsges. Furthar, it ylelds the
weakening and disappearance of pressure centers and it suggests, though it does
not aotually prediot, whether oenters will deepen or new centers form.

Operation with kinematio methods on weather oharts of oourse is an ol4d
tool. Most well known is the sgyctem of Petterssen (1940). The piesSent paper
applies the kinematic principles with a graphical technique designed to yleli

in the end a complete quantitative prognosis of the whole upper contour field
except for the appearance of new contours.

It is the opinion of ths author that the method produces good results
for the short-term prognosis (not exceeding 2L hours) of the upper height

charts. He formad this opinion during his stay ai the Department of Meteor-l >,

University of Chicago, when he participated as guest in an advanced courss i::
forecasting offered under the direction of Professor Herbert Riehl in Autumn,
1951 at the Chicago Forecast Center of the United States Weather Burema. On
the basis of former experimesnts he constructed daily 2L-hour prognosss at
500 mb over a period of two months, These prognoses were judged to be satis-
factory by most of the large group of experienced forecasters present,

Outline of the routine: (1) It is necessary to have available S00-mb
analyses that are drawn very carefully and maintain excellent continuity.
Otherwise the computations cannot succeed. The region analysed mmst extend
far outside of the forecast area, in middle latitudes mainly toward the wes:..
For prognoses of the United States, the analysis must cover the Pacific to
180°, as well as Canada and Alaska.

(2) Three successive 500-mb charts, 24 hours apart, are used. Gonerally,
this is better than successive 12-hour charts. In view of the uncertainty of
placing charascteristic features such as troughlines in an open network, the
2L~hour displacements are more reliable than the 12-hour displacements.

(3) A11 three charts are combined into a single chart on a light ‘able.
The contours of each time period are drawn in different colors, blue for 48
hours ago, red for 2L hours ago and gresen for the current map. In order to
avoid an excesaive tangle of lines cn the working chart, it is recommended
to prepare several such charts that countain only two contour lines for each
period. At SO0 mb, for instance, if LOO-foot contours are drawn, we treat
separately the 19,200 and 18,800 foot lines, the 18,400 and 18,000 foot lines,
etc. The separate prognoses obtained must bt reconciled at the end. For the
sake of clarity, it may also be convenient to enter one set of contours -- say
the 18,L00 contours ~- with solid lines and the 18,000 foot contours with
dashed linss, This wiole stap can be handled by subprofessionals.
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(L) We displace the characteristic features of each contour line. Such
festures are intersections of trough and ridge lines, closad centers, inter-
sections of equal contour values on successive days, and auxiliary quantities
to be described. We include simple calculations of the acceleration,

The use of three days is important. Only three continual positions of a
significant point permit a reliable estimate of the fourth position. In
additicn, at least three positions are requisite to determine the acceslarations.
It is of interest that the use of two 2L-hour intervals for the computatioa of
acceleration in general does not produce serious errors, contrary to wiat one
might expect. Occasionally, however, strong acceleraticns Zlesvelop within the
2h-hours prior to forecast time. These the method cannot notice and Zore-
casters therefore are advised to inspect the last 12-hourly chart as an addi-
tional aid.

It is important to treat each contour line by itself. Only in this way
is it possible to obtain a correct picture of the details of ths fuiure height
chart, For instance a short wave trough nay be present cu one day in two
certain contour lines. On the following day, it shows up in the two next
higher or lowsr contour lines, while those of the first day assume the opposite
curvature of a ridge. Also the formation of the so-called cut-off lows where
closed contours are formed in the south can only be noticed by fcllowiag each
contour alone,

Extension of the computations beyond 2L hours is not advisable. The
accoleration teras augment repidly with time and cannot be extrepolated linearly.
Brrors, vnimportant in the 2lL-hour prognosis, multiply many times in the extrep-
olation to L8 hours and can produce vut-of-phase relations betwean predicted
and observed charts. ’

¥inally, a commsnt on verification. A small deviation of predicted from
conrerved S00-mb chart should not rate as a failure when simply a slight increase
or veakening of the amplitude of the wave is involved., Out-of-phasc prognoses,
of ccurse, are errors. Absences of contour divergences and convergences as
well as the lack of strong conoontrations or regions with weak concentraticm
mu3t be evaluated as very poor verifications, and their correct prediction
must be rated as greatly tc the fcrecaster's credit.

In the following we shall now illustrate the method with several models.,
It is not poasible to cover in detail the whole multiplicity of situations ’
that can occur and give examples for each. Only the more general aspects
of the method can be illustrated andsa forecaster must oxpect to acquire con-
siderable experience before he can make successful predictions in the time
interval available for the 500-mb prognosis in practice.

Models:s Figure 1 shows the linear displacement of a wave., The trough
and ridge Iines on two contour lines are nmumbered i, Z and 3 for Uhe Liires
aurcemaive days. Extrapolation of these intersection puints is iinear and
without accelsrativn. Two progunostic ridge points and two prognostic +rough
points result. In this case it is easy to find the new fom of the waier
by simple sinusoidal connection of trough and ridge points sinoe all inter-
mediate points move the same distance. The wave does nct change shape an.
the trough and ridge lines remeian oriented north-scuth.
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In figure 2 we still see non-accelerated motion of trough and ridge points
and the trough and ridge lines remain orierted north-socuth. The extrapolaticn,
howaver, does not follow straight and parallel lines, but curved and non-
parallel lines., We observe that the amplitude of the whole pattern has baen
increasing with time. In view of the inverse curvature of the extrapolation
lines at troughs and ridges, this increase is about ‘o terminate.

In figure 3 we add the complication that the two trough points and the two
ridge points do not move in the si:me direction but diverge. The motion of the
noints is still without acceleration and the north-south orientation of troughs
and ridges is maintained. Comparison of the distances D on the first day with
the distances D' on the prognostic day shows that the contour gradient has
weakened greatly and more so in the ridge than in the trough.

Figure U shows a difficult case. All trough aid ridge points move
differently and they are retarded 2t varying rates so that the trough and ridge
1lines rviale 204 at the end tilt in different directions. We again draw curves
combining pcints i, 2 and 3, and the prognostic points P will 1lie on the
extrapolation of these lines as smooth curves., But now we must compuie the
distance by which the trough and ridge lines move along these curves. We
define the acceleration as ths percent increase or reduction of distance
travelled per day. It is this perc-ntage which we consider as a constant. not
the actual reduction of distance travelled. For instance, the upper ridge
point moves 22 length units (arbitrary) from 1 to 2, and 16 units from 2 do 3.
This second distance is 73¥ of the first and we say that the distance from 3
to P will be 73% of 16 units, i.e., 12 units. We measure this szount downstream

from 3 on the extrapolation line to arrive at the location of P, We next proceed

in this way with each intersection between trough and ridge lines and the con-

tours. As already mentioned, the prognostic trough and ridge lines are no longer

oriented north-south but take on varying tilts even though on the three previous
days their axis was north-south in figure L.

As an aid in the construction of the compliceied pattern, we now connect
the intersection points of the contcur lines on two successive days, i.e.
the points A and B of zero 2L-hour height changs. We then determine approxi-
mately where points C —- the points of prognostic 2L-hour zero height change --
will lie. This yields four additional points in determining the shape of the
prognostic ccatours,

Figure 5 treats the development of troughs and ridges. At firsi, the
contour is atraight. After one day a tmugh has formed and it intensifies
during the saecond day. We connect points 2 and 3 and extend the curve back-
wvard from 2 until it becomes tangent to the iritial straight contour. This
yields the auxiliary point 1', Now we extend the extrapolation curve down-
stream and locate P with a calcu'ation of the acceleration as before. The
trough line is drawn normal t¢ the extrapclation curve and thus rotates
ciockmive.

In order tc¢ draw the contours we connect the pointa A and B which, as in
Exzmple &, repressnt points of zero 2l-hour height change. Projection of this
line to the contour of the current day ylelds point C -- a pcint whare the
height change will be sero curing the next 24 hours.

We also wish to find a pcint ahead ©f the trough lime. For this purpore
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we draw lines I and parallel tc *he troughlines at points B ana C, We
extend Hy to the straight contour of the first day and Hy to the contour of the
second day. These di-.teonces therefore measure how far the contour has shiftec
southward ahead of thi trough,
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In order to locate Hp and the desired :rognostic point D, we must know the
length of Hp ar. ahiere it is tc be put., Hy = 17 units, Hp = 32 units, an
increass of 15 units or £8%., again holding this psrcentage constant, the lengtl
of Hp = 60 un*..  To find the location of Hp wec now draw h; perpendicular from
H} to the co:respond.ag troughline, and we draw hp in the same way. The length
hl = 15 units, ho ® 17 units, an increasc of 13%. Herewith hy = 19 wnits. We
draw Hp parailel to tie prognostic trvughline at a distance of 19 units from
the troughlino. Meas :ring 60 units from the intersection with the current
contour we locavs *he prognostic point D,

.
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If the reader twrns the page around, he will see a corresponding ridge
foraecast.

Figurem A shows the displacement of a contour line with two troughs without
intermediate ridge. We determine the prognostic points P as before but again
require the auxiliary distances H to draw the connection between the points P
correctly.
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Figurs 7 shows schematically the development of a cut-off low., uUiven a
strong bulging of a contour limne, as se¢=a on the third day, we draw the dashe:
line passing thicugh e auxdliary point 3' in order to arrive at the prognoatic
points P.

The last example in figure 8 which iilustrates the filling of & trough
formed by no less than three isobars on the first day. Only one closed contour
remains cn the second day and it Jisappears on the third day. This model also
indicates how to predict the disappaarance cf a closed center, for instance if
the points 2 rspresented the current situation and points 3 the prognosis.

%x We shall now present the 500-mb pregnosis actually made for
Decenmber 1L, 1, 03002, Figure 9 is the work chart faor the contours 761,

€8 ap:i 60, figure 10 for 80 and 8L, figure 11 for 88 ard 92, It is advisable
to begin with the most _ivnounced features. A large trough is just moving ofr -
the Past Coast. Prediction «f the troughline in the contours 76 and 68 is
handled as in the models. Slight deceleration is indicated. The contour 60,
however, was not presen: on the first day amnd only appears on the second day
over the eastern part of Hudson Bay as a closed center. In this case we
vtilize the lowest point of the contour field on the first day to obtain

] >int 1. Herewith we obtain three prognostic points for the troughlines which
lie approximately on longitude 65W. We also extripolate the low center ove-
‘Hudson Bay and the northernmost point of the contour 60 in a similar way.
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In the werternmost part c¢f the map we can move a ridge line rom the
Aleutians clear to 80°N. The ridge over northwest Canada 2rd Ala<ka has
nearly disappeared on a southeastward path as it is werta! a vy - =~ - =
ating short wave trough movin; in from {he riddle of the Pac [ic. ke e . .
this trough in the contour 76, ani also another t ~ough that -.omas ~a ‘ree
the arctic in the contour 68,

1gtands for 17,5600 feeti, 15,800 feet, etc. o avoid an excer v
of drawings, the progrosis for the contours 72 and »; is rot ° .-
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Figure 10 shows the displacement of the contours §0 and 8L. Special treat-
ment 1s necessary in the southwest, but they also enclose a cut-off low off
San Diego with path extrapolated to northwestern Arizona. Thus the low will

come in contact with the circumpolar current and we can expect that it will be
atsorbed into it,

Over Alaska, a ridge point movos sharply northeast in the 80 coatour while

the 8L contour over the Gulf of Alaska executes on.y a rounded simple rotation
without acceleration (cf. mcdel, Fig. 3).

In the lew latitudes (Pig. 11), the prognosis of the west Atlantic trough
is beyond our forecast area. In the eastern Pacific a closed 92 contour,
present initially, has disappeared on the third day. The extrapolation of the
probable center of the high pressure area indicates a cyclonic path, somewhat
unusual, We also move two ridge points on the 88 contour. One of these travels

clockwise south of the Gulf of Alaska; the other executes an accelerated ruta-
tion southward to 2°N 103°W.

We observe a rotution of ine 52 contour over Mexico and the Gulf of Mexico
which aids in the construction of this contour in that arma.

We now plot all prognostic points, computed in figures 9-11, on a single
chert (Fig. 12), then by simple logical comtination cbuain a first approximation
to the prognosis. We already note a close ressmblance to the observed 500-mb

chart of December 1L, 1951 (Fig. 13). We ses the low over Hudson Bay; the

high over the east Pxcific; the trough with concentrated contours and the trough

over western North America with wideliy spaced contours. We also observe the
contour convergence over the centrai and eastem United States, further the
current parellals the wsstem coast of the United States and the high pressure
over the Arctic Ocean and Alaska., We now p-iceed to compute additional points

for the areas intermediate Letween the points cal:ulated so far and marked with
deshed linee in figursy 12,

As an example, figure 1l again shcw- the 80 and 8L contours over the
United States. The problem corresporis - that of model 61 how to combine

the troughs over the Atlantic and c ¢r .2 .ifornia when there is no intermediate
ridge. Corresponding to the nmodel

't 1= Yest then to watch the contour changes
wa2st of the trough now in the Atlaitirs, We go somewhat to the west from the
trough position 1 of the first cay a~.d find that the 84 contour is displaced

northward a distance Dy, from f:rs* to second cay &3 indicated by the arrows.

Similarly we find tI> distance i,3 for the change from second to third day. Compari-

wn of Dzgwith D12 shows an inc-ease, Dy, = 10 units, and Dy = 18 units, an
increase of 808, If the perce.t ‘ncrement continues constant, should be
32 units. We enter this yfrognosti: distance normal to the contonr line of

the third day to the rear of the .rough and obtain the auxiliary point A,
In a similar way we calculate roint A' for the 80 contour,

points determine the shape of the contours between the troughs over the
Atlantic and Califormia.

Figure 15 gives a further example using the contour 76. Application of
the same method for construction of an auxiliary point shows here Dy, pointing
to the south, i.e. heights continue to fall west of the trough. s on the

other hund, poims towsrd north. Djp = -2 units, Dp3 = 12 units, therefore
DBLB 28 units, If this laet quantity is entered, we obtain the auxiliary
point A carrectly. Such auxiliary computations are often necessary end can
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ﬁiﬁ% be applied in manifold ways. It must be laft to the sharp aye of the fore-
; ; castar to pick on  he best indications for their precrnosis,

The final result of the forecast appears in figure 16 which should be
compared with figure 13.

‘ SUMMARY: Twenty-four hour prognoses of individuval contour lines cn upper
pressure surface are possible by following characteristic points. In general,
errors made during determinaticrn of direction and acceleration of displacement {
remain within limits which do not invalidate the forecast., Practical experieuce {
to date covers the period October to Decamber 1971, when the writer prepsred
daily forecasts for the region from the east coas! of Asia to Burops., Bven
over the oceans where data is sparse the result in general was satisfactory.
For this whole area, the prognosis can be prepared in one hour without undue
stress, It serves as a good aid fcr prognosis of the surface pressure field.
Finally it should be repeated that the techniqus is valid for forocasts not
exceeding 24 hours.
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Figure 7

Figure 8



TR R = YV B S — Y P T

e T .

i

— ——— . r——— ———

Figure ¢

8Superimposed 500-mb contour linres 16,000, 16,800
and 17,80C feet on December 11, 1962, 03002, (thin
solid), December 12 (dashed) and December 13 (dash-
dotted)s Point 1, 2, $, P and distances batweern
them as in figures 1-8. Contours of Hudson Bey
area repeated in insert in Pacifie Onean,

Pigure 10

Sedks as figure 9, contours 18,000 and 18,400 feet,
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Flgurs 11

Same a3 figure 9, contours 18,800 and 19,200 feet,

Figure 12

Preliminary prognosis madewrith trough and ridge

points alme, Finsl prognosis as yet uncertain
in regions with dashed contcura.
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Figure .3

Cdserved 5CO-mb chart, December 14, 1861, 0S00Z,
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Figure 14
Illustrating construstion of suxiliary proguostio
poirts as in modelsa figures &6 end 8 showing develop-
ment of short wave ridge in contours 18,000 and 18,400
feet over esstern United Statea,
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Figure 16

Same as figure 14 for ocontour 17,600 feet,

£ Figure 16

Twenty=four hour progrostis 600-mb ohart for
December 14, 1961, 0300Z, as prepared on December
18+ R indioates =idge point, T trough point, I
interseotion pollnt, H suxiliary point, and C
denotes ocnier: Thne figure shows all prognostio
Puints that have been ocowputed and the lines hesve
been obteined by ~omiining these points,
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