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ABSTRACT

A simple baroclinicprediction model has been adapted
, to the Wilson grid for predicting the displacement and central pres­

sure of frontal cyclones for periods up to 24 hours. It was deter­
mined that 'the primary component of displacement, equivalent to the
500-mb vector wind within the area enclosed by the Wilson grid,
should be adjusted for the secondary displacememt resulting from the
influence of sloping terrain. major diabatic process~s, and the
latitudinal variation of Coriolis forcs o 'Charts which permit an ob­
jective quantitative evaluation of, the secon'dary displacement, in a

convenie'nt form for operational use. are presented 'for continental
North America and adjacent oceanic areas between latitudes 30N and
ElON. Pro'cedures for'the application of the technique are presented,
and assumpt,ions and approxima~ions used in developing the model are
discussed qualitat;ively with a ,view to establishing a set of
prJnciples to refine the objective prediction by subjective adjust­
ment.
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'" "RESUME,

'Un mod~le simple de prevision barocline a ete adapt6a la grille Wilson afin de prevoir Ie de'placementet la pression
centrale des cyclones frontaux pour des p~riodes de prevision

'alHmt jusqu D a 24 heures. 11 a, ete determine que la composante
primaire du deplacement, qui e'st equivalente a,u vent vect:oriel
moyen'de 500 mb dans lDaire comprise par la grille Wilson, doit
@tre a'justee pour le de'placement secondaire re'sultant de l'in-

,~ fluence du terrain en pente. des transformationsdia~atiques

majeures et de la variation latitudinale de la forbe de Coriolis.
Des cartes qui permettent une evaluation quantitative objective
du d~placement secondaire sont donnees sous une formese prgtant a
l'utilisation pratique pour l'Amerique du Nord continentale et les
i'~ions oc~aniques adjacentes entre 30 et 60 degr's de latitude
Nord. ,Les moyens d'appl~qu~:r; la technigue sont expo~es, et l~s'
hypotheses et les approx~maclons employees dans la mlse au pOlnt
du, modele sont etudiees du point· de vue qualitatif afl.n d I etablir .'
un ensemble de principes propres ~ ameliorerla previsionob- '
jective par ajustement sllbjectif.
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In the past few years considerable success has
been achieved in the preparation of· prognostic charts by means of
the dynamical equations o This success has been noted in the pre­
paration of 1000:-mb prognostic charts as well' as.charts of the
SOO-mb contour and vorticity fields·, and a 24-hour 1000-mb prog­
nostic chart following themethodd:evelopedbyReed (9, 10) has
found operational application o Prognoses of this type are limited
to 24 hours as ther prediction equation is rarely conserved for"
longerperi6~so and since it is most 'efficiently produced by
high-speed electronic computers o · it is· centrally produced~ The
chart· is, . therefore 0 J10t I always ava11ableto meet the irmnedia te
requirements of the operational forecaster. Re~entlyJarvis (6)
adapted .a prediction equation sirnil.ar to that of Reed, and ....- ... ..'
credited to" Haltiner and Wang (5) o.to determine a single-point
prediction. of displacement and central pressure of frontal ~ ..
cyclones by making use of the Wilson grid (11). The ~~chnique
can be rapidly applied o making use of charts currently available
at all forecast offices o From the prediction model employed, it
is determined. that the primary displacemement field,. which is the.
mean SOO-mb vector wind in the area"enclosed by the Wilson grid,
should be adjusted by means of asecondarydispl~cementfield
which takes into acc~unt the effect of terrain-induced. vertical
velocity, as well. as thel~rge-scalevertical velocity associat~d

wi th synoptic systems ~ ma.jor' diabatic' processes ~ and the influence
of Coriolis force~" .

The purpose of this paper is to present monthly­
mean .charts of the secondary displacement field, in a readily
usable formofor continental North America and bordering seas
between latitude 30N and 60N" A second objective of this paper
is' to discuss the' approxirna.tions and. assumptions inherent·· in the
model for .th~ purpose of obtaining the most useful forecast of ....'.
the.movement and.central pressure of frontal cyclones that the
technique ca'n provide 0 This is a necessary feature for the suc­
cessful applicat.i;oh of the method o 'since in some· instances compo­
nen ts. of the ,seco~ndary displacement·· field maY' .depart appreciably
from monthly-mean values, while in other cases processes which'.
are given minor emphasis in the model may take a prominent role
in the mo~ement and intensity of ~frontal cyc16ne. In addition,
'detailed procedures for applying the technique are listed, and a
series of examples is discussed o .
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The theoretical backg'round to the prediction equa­
tion has been discussed iti detail by the authors listed above, and
'the reader is referred to these papers for the development of the
model .. This paper begins with the prediction equation 'adapted to
the Wilson grid.. Expressed in vector notation, it is:

-=p
(} (D) = 9.. V (ZS + G + FH + NT s) X k • 'J (D) (1)

at f
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'Zs is the mean SOO-mb height in the, area enclosed by the Wilson grid,
wl,th grid length d, and Z is the corresponding height on the IOOO-mb

surface .. Zo is the'ioOO-~b height at the center of the grid, and 'h
is the lOOO-SOO';':'mb thickness at the same location .. 'rs iS,the tempera-

ture of the underlying surface, H'is the terrain' height, andp 0' is
the density at the base of a column, of air with stability 0"" 0 ' ¢' is
the latitu~e,m.is a,map scale factor, and k, arid k 2 are constants
of proport1.onal1.ty.. ..' , . ,

~quation (1) 'implies the quantity Dis conserved,with
the geostr~phrcwind given by the height. field Zs + G +FH + Nor's •.
For convenience the displacement, given by this height field is con-'
sid'ered'to be composed o'f "a pr.imary component of displacement, wh.j.ch
is the geostrophic wind given by the Zs field, and a secondary compo-

nentqf displacement, which is the geostrophic wind given by the
G + FH+ NT ,field ..

, .• S

-,,' It has been shown (6) that if this displacement field
1.S assumed' to reIl).ainconstant during the for,ecast period, an
assUmption which is implied by the predicticm equation, the forecast
change in centra 1 pressure is proportional to, (ZS) 2 - (ZS) 1 Q (ZS) 2

is the forecast SOO~mb height "at the forecast 'position of the cyclone,
alld' (Zs) {is the initial SGO-mb 'height at the forecast ,positic;m which

is given by the primary displacement field. 'If, the pressure, is' in
~illibar~ arid, contour heights are ~easured in meters,' then'

Forecast' central pressure = Initial central pressure + (ZS)2 .,.. (ZS)l

7.6

Ie

Ie

,I
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As noted by Petterssen (8) and Haltiner and'Martin
(4), theCoriolis parameter,G, ~epresents the influence of the
earth's rotation, arid is weighted by the square of the grid length,
d •. Isopleths of the G field, which are in height units, arE) :'"
parallel to latitude circles with larger values of height to the
north. The influence of the G field in the prediction equation
is" therefore, to give a westward-directed vector displacement
which retards the eastward 'motion, and increases the westward,
motion, of frontal cyclones. In using a displacement field based
on a grid length less than 600 kin, t,he effect of the G field can
usually be ~eglected, but it,becomes increasingly significant as
the grid length is increased, (8). 'In applying this technique,
the Wilson grid was used because it'is roughly equivalent 'to a
grid length of 1000 krn, which was found by Estoque (3) to achieve
best results for forecasting synoptic features on the,lOQo-mb
surface. In applying the technique , it is, therefore ", necessary
to consider the geostrophic displacement wind which is given by
the G' field. ,However, ,this presents .little difficulty, since , ,
once the grid length and map scale have been specified, the G ',,'"
field can be constructed, and it remains constant for all time.
Values of G at selected latitudes are given i~ table 1.

As.was the case of the G field, the terrain para-,
meter, F, depends on ¢, d, and m. In addition, however, F also

depends' on density fJ o~ a stability term, 0-, and a constant of
proportionality,·k. <:r is a slowly varying quantity which is
usually a ssigned s~me standard value (3, 5, 9) • "In this technique,
tSwas chosen t:obe typical of moist maritimepo'lar air in winter •

.The constant of proportionality, k
l

, was introduced

because an attempt was made to account for the influence of
terrain-induced vertical velocity which was assumed proportional
to the gradient of terrain height. ,If the horizontal wind is
fUlly translated into upslope motion, ,k l = 1. As discussed by
Haltirier and Wang (5) ,where the terrain gradient is large, k<, I,
since" the'_ horizonta.l'wind'will, then',not be ;fUlly.',;.. tran:§lJl!~t;.l;~t?,J·
into upslope motion. In this technique, k' =1 wa;; used' eXcept '
in the region of the Cordilleras ofwester~ Nor,th America where,
a value of k l = 0.5 was, arbitrar,ly chosen. Values of F at selected

latitudes, and for application to the Wilson grid, are shown in
ti;lble 1 for. va lue s k

l
= 1 and k l = 0.5. These values of F were

then used to, multiply with a smoothed contour chart of North T'
America' to construct the FHfield which, as was the case of the G
'field, remain~ constant for all time.

, In' addi t ion' to ¢, Q i and, In, , the ::dia'batic' par.ame,t~r,
N, also depends on <Yand a constant of proportionality, k. It, 2
was initially assumed the flux of sensible heat from an underlying
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sea surface was the dominant diabatic process
scale cyclones, and the flux· was proportional
sea-surface isotherms 0 'k is the constant of

2 " '
that relates the heat flux to the sea surface isotherm gradient ..
Unfortunately,'k cannot be evaluated, so N cannot, be evaluated,

, 2. -
explici t ly .. ' However, on the basis of tests conducted by Ha 1 tiner
and Wang, (5), it was concluded that N could be assigned a value'
of -20 fe~t per d~gree Fahrenheit foi converting sea-surface
isotherms into equivalent height, units when the Wilson' grid was
used.. This value of Nachieved re'sults consistent with obser­
vations,' 'so, in addition "to the flux of sensible heat to or from'
the sea being account'ed for empirically, it a lso considers, all
other diabatic processes occurring over the sea in a coarse
stat,istical sense .. "

Diabatic processes occurring over land are not ac­
countedfo,r.. Frictional dissipation of kinetic energy and the
radiative transfer of heat are gerierally considered very small
Over torecast periods of a few days or less.. Priestley (7) has
shown the sensible heat flux over land is negligible cOl1}pared to
the heat flux over the sea, since the sea can be regarded as an
lnfinite heat. source, whereas the flux of heat, overland is
restricted by the slow, rate' at which hea't is conducted to the
exposed surface of solid bodies o The most significant diabatic'
process omitted over land areas would appear, to be the latent
heat of condensation and sublimation released as a result of

,qoolingby large...,scale ascent .. , It has been shown by Danard (2)
that this.process can play an important role in cyclone development.

,In order to adapt, the diabatic processes over the
sea'in <;in operatiqnally useful manner; mo~thly-mean values of sea
surface temperature were used .. - The day-to-day variation in,sea
surface temperature is negligible except along the gulf stream in
the North Atlantic Ocean, where local variations of 4 to 5 degrees
Celsius have been observed in a 24-hour period .. However, even in
this region, the change becomes negligible 'when the temperature at
a point is smoothed over the area enclosed by the Wilson grid ..
Further support' to j'ustify using monthly-mean temperatures is

,determined by an inspection of isotherm charts of the'sea surface
which',show only ~mall variations from month to month o

, 'The stability parameter,' C, depends on ¢, d; m, and
the stabilitY,'of the air column, c:r.. VVhen 0- is assigned some

'standard v:alue,and grid length and map scale are specified, C
becomes only a function of latitude. As noted in tablel, C
varies slowly in middle latitudes where frontal cyclones usually
spend their, active lifetime" C was, therefore,' assum\?d to have a
coristant valua,o£l.0 ..

, I e

•

ie
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TABLE 1

Values of "G" F and C at selected latitude~ for a,polar stereo~

graphic map projection and for adaptation to the Wilson'grid.
G is in meters and F and C are dimensionless parameters.

Latitude 30 35 40 45 50 55 60 65

G 21 29' 39 51 65 77 90 103

F (k
l

= 1.0) 0,,057 0,,096 0,,103 0.145 0.176 0.220 0.259 0.292

F (k = 0.5) 0.028 0,,048 0,,052 0.072 0.088 ' 0,,110 0.130 0.146
1
C 0,,48 0,,70 0 0 86 1~23 1.,47 1',;84 2.16 2.44

Using the values ,;shown in' table I, isopleths of G
were charted for the area of interest to give the G field in peight
units. '!'he terrain height, H, was multiplied by the appropriate
value of F to construct the FH field, in height units. ' ,Following
Haltiner and Wang (5), monthly-mean sea surface isotherms were re­
la1?elled in height units, according to the convention that IF =
-20 feet,where zero height corresponded to the 75F isotherm. ' A
height field of NT~ w:as then drawn for each month over the oceanic
areas.. The charts of G, FH .and NTs were then added graphically
and smoothed over an interval o,f 2';5 degrees latitude to obtain '
the secondary height, field, G + F,H +. NTs," for each month. This

,

additional smoothing was appliEld; in order to avoid discontinuities
in the field that appeared along the coastlines of North America.

, The ,ee,condary height·, field· charts were then converted
to a form more convenient for operational application., Using the
Wilson grid,west and' south c9mponents of the secondary displace'­
ment field .were computed at grid,points 2.S degrees latitude
apart over the area of interest, arid a west compone,nt, and south
component, of, se'condary: displacement was dra\v'n up for each month.
The components of secondary displacement for 24 hours could then
be read directly from, the appropriate charts .. For 12-hour fore ....
casts, half the charted values should be used. These charts are
shown in figures 1 to 24,,'

THE FORECAST PROCEDURE

The procedure forobtainirig a 24-hour forecast of
displacement and central pressure of frontal cyclones follows':

1. L6catethisurface position of the cyclone
on the SOO-mb chart for the same time, and with the
Wilson grid (Canadian Weather Service Scale 71)
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centered at this location, and oriented north~south and
east-west, compute the eastward and northward compo,:,,"
nents of primary displacement, according .to the following
equa tions: '"

I.
C = K(¢) [<Z2 z ) + (Z Z3) + (Z

zJE ' 1 ' 4 6

CN = K(¢) [<-Z - Z ) + (ZS - Z ) + (Z6 z2JS I 7

Z is the SOO-mb height, in tens'of meters, at location I .
I

on the Wilson grid,'

Z2 is the SOO-mb height at location 2 i and sO on. Using

'the values of K(¢) that appear on the Wilson grid scale,
the components'of pr~mary displacement,

,CE and CN1 are in degrees latitude per day,where the

degree of latitude at 4SN is used as. the unit of length ..

~r.. ,Measure. CEalong the appropriate latitude

circle from the initial position of the cyclone"and,add
C

N
along the appropriate longitude line fr,om the endpoint

of CEO The locq,tion' reached by the vector addition of,CE
and CN is the primary forecast position of the cyclone.

Record the' SOO-mb height at this iocation and label it'
(ZS)'l" " ',' i

3. Locat,e the initial position of the cyclone on
the 'secondary displacement charts for the appropriate
month and read off ,the east-west component of secondary
displacement, Cw' an(j, th€ r;-orth-south /,component, , Cs~

From the primaryfo'recast position given by step 2 add Cwand C
s

vectorially ,in the same way as C
E

,arid C
N

were,

added.. This vector additio'ngive's the forecast position of
the cyclone in 24 hours" Record' the forecast SOO-mb
height at this locationi which can be rea<:1f'rom an avail­
able SOO-mb prognostic ~hart,' and 'label it (ZS) 2,"

4.. Forecast the central pressure according to the
relation:

Forecast pressure - Initial pressure + (ZS)2 (ZS)1

7.6 '

•

•
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In some cases a forecast can be made when the
surface wave or cyclon~ i~not presen~ ~t the' initial time. If
a' qualitative assessment of Petterss'en l s development equation
(8) indicates cyclogenesis. is likely, the. computa'tion can be
performed with the Wilson ,grid centered on the area of maximum
cyclonic SOO-mb vorticity advection ,that will take part in "
development of the surface cyclone.

The technique can be applied for forecast period
of 12 hours by using a value K(¢)/2 in place of ,K(¢) for compu­
ting C

E
and CN,' and by using ~ne-half the value of Cw and Cs

given by the appropriate secondary displacement charts. The·
technique can be applied in a similar manner for any forecast
inte~val, but the a~curac~ of th~ technique diminishes rapidly
beyond 24 hours in most cases because the displacement field ~'is

no longer conserved.

A sample computation is shown in figure 25.

4. EXAMPLES

•

.'

Forecasts of frontal waves and cyclones which
could be associated with well-defined areas of cyclonic vortic~

ity at 500 mb were made at OOOOZ for the month of January,
1964. Figures 26 to 56 show the OOOOZ surface isobars, in
thin solid lines at 8 mb intervals, for each day of the month ..
The usual convention is used to denote surface frontal positions,
and the associated SOO-mb contour patterns are shown by broken
lines at 60 meter intervals. 'Arrows point to dots which give
the 24 hour forecast position of the cyclones, obtained by means
of the grid technique, and central pressure fo+ecasts are shown
in parentheses nea~ the forecast location.

Figure 57 is a displacement-error diagram of
forecasts made during the month. Th-e origin of the graph is
the observed location of' the cyclone, and ,forecast displacements
relative to observed location. at forecast time are entered. A
graph comparing forecast change in central pressure with the
observed central pressure change is shown in figure 58. Th-e
root mean square ,error in predicted displacement was,3.S degrees
latitude, and the root mean square error in central pressure wa7 s
7.8 mb. '

DISCUSSION

" . The stability parameter, C" wa s assigned the
value 1.0 for the application of, the technique. This:value of C
is accurate for typical moist maritime polar air at 42N in
winter~, The amount by which this parameter varies with latitude
is shown in table 1. It is also of interest to know what value

, '.
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of C is most representative of other air masses associated with
frontal cyclones o . Using characteristic' temperatures' of North
American air masses at standard pressure levels (1)·, and using as
a stand~rd C~'loOO for maritirnep61ar air in 'winter, the stability'
parameter was calculated for other air masses., These values are
given in table 2.. .

TABLE 2

Values of stability paraJUeter, C, for characteristic temperatures
6f North American air masses, based on a .,

standard value of C = '1.00 for mP air in winter.

roT

mP

rnA

cold. m1\

Air Mass C

winter 0.,76

summer 0 .. 72

winter 1 0 00

summer 0 0 84

winter 1 .. 30

summer 0 .. 94 •, winter 1 .. 72

summer 1.02

Except· for cold rnA air in winter, it is indicated by
table 2 that choosing a standard value of C with regard to air
masses appears to be no more serious an· assumption than making C
independent of· latitude" However, the error incurred by these .
two assumptions will be compounded in many cases since the warmer
air masses with C < 1 ar.e usually found,'at low latitudes where
C < 1 0 The converse. is the. case for cold air masses, which are

. uS\1ally found at high . latitudes•. When C is less than the assumed
value, the forecast displacement will. tend to be less th~n th~

actual displacement, and when C is greate~ than the assumed value,
the forecastdisplacemen t will tend to be too grea t" In general'
terms, then, the ve.ctor displacement of frontal cyclones at low
latitudes. and associated with tropical air maybe· under-estimated
by the technique,' while the' displacement of frontal cyclones at
high latitudes. and associated with Arctic air is to be over­
estim~ted. For the case of cyclones with tropical air at high
latitUdes, or' arctic air at low latitudes, the trend will be for

'latitude and stability effects to compensate.
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In deterrniniI)g the terrain influence on secondary
displacement o · highly smoothed contours of terrain height were

·used o andupon.the secondary displacement field additional
smoothing was made", Some justification for using a smoothed
coritourpattern can be made since it is a synoptic-scale system
that"is.being forecast, an,d.alarge smoothing Jnterval achieves

.best resul ts", However I it is not ;yet known precisely what amount
of smoothing achieves op.tirnum.results, so it is anticipated the
technique would be least: satisfactory for application/ in western
North America", Preliminary tests of the technique have, however,
yielded. some very useful·forecasts o so the use of the technique
in mountainous areas warrants close inv~stigation~

The terrain ef,fect causes a cyclone to deviate to
the J.eft and decelerate. when it approaches a mountain range; and
to accelerate and·deviate·to the right when it recedes from a·
mountain range (11) .. For cases where the.low-level winds are'
parallel to the terrain contours, the terrain influence which·
is accounted for by the technique will be over-emphasized. In
this case the trend will be for the technique· to cause the low.
to move too far to the left on approaching the mountain range, :
and to move too far to the right on receding from the mountain
range", The trend will be for the converse to occur when the low­
level wind has a large component perpendicular to the terrain

- contours",

It has been noted in section 3 that the released
latent heat of condensation and sublimation, which is not con":-'
sidered by the teChnique over land areas, can have a" significant.
effect on the kinetic energy of frontal cyclones.. The added
buoyancy that results from released latent heat will contribute
to. the loweringiri central pressure of the cyclone.. The omis­
sion of this ~iabati~ process over land will result in ~n-under~
estimate of developinent o and the trend will· be for the error
to be greater d~ring cases of heavy precipitat~n thanfbr'cases
of light precipitation",

The empirical relation for relating the flux of
sensible heat over the sea to the gradient of sea surface iso­
therms is based largely on cases -of cyclogenesis.. ~he diaba tic
influence used in 'the' technique is o therefore, best suited to
cases of moderate or strong development over the sea. Cases
where the cycloneS are embedded in a strong zonal flow, or which
have an absence of cold arctic .air behind them, will usually be
displaced farther to the west than observed; and the computed
central pressure.will be lower than observed. This will occur.
because the di~batic effect causes a cyclone to deviate to th~

left and decelerate",
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However, .it is found in' the majority qf cases that
the forecast position using only the primary displacement component,
and the forecast position us.ingbbth primary and secondary displace­
ment components, give the extreme locations between which the'
cyclones are ,observed to ,be located at forecast time, regardless of
the diabat;i.c influence'" When deepening over the sea is moderate or
explosive, the observed location usually lies close to the position
forecast by the complete grid technique; but ,where the'diabatic

.processes are weak, the observedrpositionis shifted in·the direction
of the location predicted by' the primary d~splacement field ..

Forecast errors resulting from the initial contour
-pattern at sao mb. have been discussed at some length in an earlier
-paper (6)," It is of interest to note, however, that cyclones which
are initially iIi 'an area' where' the SOO-mb relative vorticity is
cycionicwill be forecast to have a lower central pressure than
observed.. Fron ta 1 cy'clones usua lly begin to d'eve lop in a region
where the SOO-mb relative vorticity is close tozero~ There are
cases, notably .the'Texas'low, where development isnoted·to
originate near the base of a major SOO-mb ,trough..

Experience in applying the technique also indicates
thernethod should be used with caution in cases where there is a
major SOO-mb trough which lies partially within the Wilson grid
downstream from the initial position of the cyclone, and in cases
where a major SOO-mb ridge lies partially within the grid area •
upstream from the initial position of the cyclone.. Cases where this
occurs are usually associ:ated with "blocking" situations q and al-
though accurate 'forecasts sometimes result, the forecast must
always be evaluated in the light of aq,ditional information", !

. ~ , .

, To summarize the foregoing, discussioti~ the forecast
displac.ernent will be too small, and the forecast central' pre'ssure
will be too low, when (i) frontal cyclones are associated,with warm
airrnasses at low latitudes, (ii) a large 'low-I.evel wind com­
ponent perpendicular to terrain contours is associated with
cyclones receding from a mountain range, (iii) a large low...:.level
wind component parallel to the terrain contours is associated
with c;:yc'lories apPJ;oaching' a mountain range,' (iv) frontal cyclones,
over the sea are embedded in a strong zonal flow aloft, or there
is an absence of Arcti~ Air to the rear ~f the system, and (v) ~

closed low exists at SOO-mb within 'the grid area upstream from the
initial.position of the cyclone" On the other hand, the forecast
displacement will be too large and the forecast central pressure will
be too high when (i) frontal cyclones are associated with cold air
masses at'high latitudes,' (ii) a large low-level wind component
parallel to terrain contours is associated with 6yclones receding'
from a mountain range, (iii) a large low-level wind component per-
pendicular to terrain contours is associated with cyclones
approaching the mountain range, and (iv) there is a major SOO-mb
trough lying within the grid area downstream from the initial
position of the cyclone", •
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In order to test the feasibility of using these
general comments in,;applying a subjective correction to the
forecast given by,the technique, the departure ot the values of
C, F, N,. and the SOO-mb contour pattern, from those assumed by
the technique were assessed for a number of cases. This
departure is indicated in Table 3, and the observed displace­
ment and central pressure ~re included for the prirpose of com­
parison. Cases used were those of the January, 1964, series
shown in figures 26 to 5'6 which exceeded the root;...mean-square
errors of the whole series. .

The results shown in Table 3 worild suggest an
improvement to the forecast could have been achieved for the
majority of cases considered if the magnitude of C, F,N,and

. the SOO-mb contour pattern, of ~ach case had been considered
in the Light of. the values assumed by the 'technique.

6. SUMMARY

.~

The westward and southward components of secon­
dary displacement for the application of the Wilson grid in
forecasting the displacement arid central pres~ure of f~ontal

, . . ~

cyclones were presented for each month of the year. The .
. procedure to follow in applying the technique was outlined

and results obtained by the technique were shown for the month
of January, 1964, at OOOOZ. The results achieved would
indicate the technique can be used to give a useful first
approximation in 24-hour forecasts of displacement and central
pressure.of frontal cyclones in many instances. By comparing
the actual magnitude of stability parameter, Coriolis'parameter,
diabatic parameter, and SOO-mb contour pattern, with the magni­
tude assumed by the technique, the forecasts given by the .
technique can be refined to achieve useful forecasts' for cases
where the departure from assumed conditions is significant.

APPROVED,

J. R. H. Noble,
. Director.
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TABLE 3

Assessment of displacement and central pressure errors incurred by
the technique. which result from. the assumpti.ons and approxima­

'tions made' in .stability parameter I C I the' terrain par'ameter .
F, the diabatic parameter, N,'and the.configuration of the

SOO-mb contour pattern. Large~values signify the forecastdis~

placement is too great and forecast central pressure is too '
high. Small. values signify the forecast displacement is too

small and the forecqst central pressure is too low. One star
denotes a slight departure in.the values assumed by the

technlque,' and 2 stars denote a significant d.eparture.

CASE DISPLACEMENT AND CENTRAL PRESSURE OBSERVED DISPLACEMENT'.
. - FORECAST BY.TEE TECHNIQUE AND CENTRAL PRESSURE

-
Initial 500-mb Displace- Central

la.te
!Location contours ment v~~~sureC F N 7(1<='c . 1,.+. ,

lOOZ, ..
~64 iLarge Small Large Small LargE Smal] Large SmaL LargE Small LargE Small

, .
_ Jan. 30N82W ** 2 16
~ Jan~ 60NSOii * **. ~ In
I Jan. '~SNI02W * * * ~ l~

, Jan~ 53Ng()W ' *. * ·4 2
) Jari. "57NII0W,- * * 4 5
) Jan. 44N'lSW * ,4 7
; Jan. 61Nll9W * * * 2 10,(
, Jan. 47N79W . 5 4
, Jan. 3lNS7W ** * ·7 2
, Jan. ,4SNII0W. ' '* ~, 12
\ Jan., 35NIOIW ' * I 'n "i

I Jan. 4SN52W', **. .* ,,~ 7
) Jan. 32N92W , .* .* 7 7
) Jan. 36N90W' , * 2

,.,
) Jan. 5lNI02W * 4 2
) Jan•. 47N79W * ** 1 11
) Jan. . 47N72W * ' ** 0 20
· Jan. 37NI0IW * , 6

· Jan. 46NI07W * * 2 '0
: Jan. 30N95W * *

I 'l 0
, Jan. ~7NIJ2W ** ::::> ,'n
i Jan. .. 46N48W ** 1 14 )
i Jan~ 32NI09W * I ** 4 7
, Jan~ 52N79W *

,
* * 4, 10

· Jan. 30NIJ7W * * 2 11
i Jan. 53Nll7W ** *, * 5 4
, Jan. 42N120W * * 0 10
I Jan. ~6N60w * 2 10
, Jan. ~7Nl12W * * I .1 14
I Jan. ')~Nl06w * * 0 10
, Jan. 53N73W, * * 1 10
· Jan. 40N73W ** 1 IS ,
· Jan. 45Nll7W 5 4
Jan. 4IJNIJ6W * * 4 S

, .Jan. 35NI0IW ** * 2 IS
I Jan. 42N65W * ** 3 11
I. Jan. 45N51W * 2 12

•

•
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FIG. 1
component of secondary displacement for January.

Units are degrees of latitude.
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FIG. 2
Southward component of secondary displacement for January ..

Units ·are degrees of_latitude.
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FIG. 4
Southward .component of secondary displacement for February.

Units ar.e degrees of-latitude •
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FIG. 5
Westward component of secondary displacement for March.

Units are degrees of latitud.e.
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FIG. 6
Southward component of secondary displacement for March.

Units ,are degrees of latitude.
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FIG. 7
Westward component of secondary displacement for April.

Units are degrees of latitude.
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FIG. 8
Southward component of secondary displacement for April.

Units are degrees of latitude.
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Westward component of
Units are

FIG. 9
secondary displacement for May.
degrees of latitude.
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FIG. 10

Southward component of secondary displacement for May.
Units are degrees of latitude.
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FIG. 11
Westward component of secondary displacement for June.

Units are degrees of latitude.



FIG. 12'__
Southward component of secondary displacement for June.

Units are degrees of latitude.
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'West

FIG. 13
Westward component of secondary displacement for J~ly.

Units are degrees of latitude.
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FIG. 14

Southward component of secondary_.displacement for July.
Units are degrees. latitude • •
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FIG. 15
Westward component of secondary displacement for August.

Units are degrees of latitude.
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FIG. 16

Southward component of secondary displacement for August.
Units are degrees .-- latitude .
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Septltmber "ieg

FIG. 17
Westward component of secondary displacement for September.

Units are degrees of latitude.
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FIG. 18
Southward component of .secondary displacement for September.

units are degrees 2f latitude.
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FIG. 19
.Westward component of secondary displacement for October.

Units are degrees of latitude.
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FIG. 20
Southward component of secondary displacement for ,October.

Units are degrees~f latitude.
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FIG. 21
Westward component of secondary displacement for November.

Units are degrees of latitude.
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FIG. 22
Southward component of secondary displacement for November.

Units are degrees o~ latitude •.
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FIG. 23
Westward component of secondary displacement for December.

Units are 'degrees of latitude.
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FIG. 24
Southward component of secondary displacement for December.

Units of degrees ~f latitude.
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FIG. 25
An example of the grid comput~tion
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FIGS. 26 - 56
Surface and SOO-rob charts at OOOOZ for the roqnth of January, 1964.

Surface pressures are indicated in thin full lines at 8-rob intervals,
and heavier broken lines indicate SOO-rob contours at 60 roeter intervals.

Surface frontal surfaces are shown in the usual convention.
Arrows point to dots which give the 24-hour forecast positions of cyclones,

obtained using the grid techni~~e, and central pressure forecasts
are given in parentheses.
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FIG.' 34
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FIG. 52

FIG. 53
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FIG. 57
24-hour forecast displacement error diagram.

The origin is the observed location of the cyclone at forecast time,
and forecast displacements obtained for January, 1964,

relative to the observed location at forecast time, are shown by dots •
The radia1·1inesare in units degrees of latitude.
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FiG. 58 .
A graph comparing.24-hour forecast change in central 'pressure with the

observed 24-hour central pressure change for'frontal cyclones in
January, 1964 to which the grid teqhnique was applied.
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