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Introduction

The basic technique of extended forecasting as
practiced by the Five-Day Forecast Section of the United
States 'Jeather Dureau is the construction and »rognosticae
tion of five-day mean pressure charts, both at sea level
and at 10,000 feet, These charts represent the means of
ten twice-daily charts, anc are mace twice a weelk, cover-
ing the periods saturday thrdubh fleCnescay, anda 'lecnesday
through Sunday. Thus, the successive half-week charts over-
lap one another by one or two cdays. In making nis Torecast
on l.onday, for examuple, the forecaster iust iake a prognos-
tic mean pressure chart for the advance period Wednescéay
throush Sunday, but he 1s also interestec 1n the probable
appearance of the next half-week chart, ending lledunesday.

The following report is a ciscussion of sore nethods
used in preparing these Prognostic nean charts based on a
quantitative analysis of lon.-period trence,

One of the principle tools eii loyel for nany years by
forecasters has beern the evaluation of trends incicated by
past weather maps, Thus the practice of forecasting the |
movement of highs or lows by following their successive
positions fror: day to day is familiar to everyone. But

sonie meteorologists have also long been aware of the fact

e —— —_— =
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that, apart from fluctuations of day-to-Cay weather, there
are longer period weather trends. For exanple, the continued
use by many forecasters of the 1l2-hour pressure change map in
addition to the 3-hour pressure tencencies is probably cue
to the fact that the 1l2«hour pressure changes iron out minor
fluctuations in the pressure change fielc, anc thus offer an
indication of the major day to day weather trends. Another
way to eliminate local anc irregular fluctuations ané bring
out longer perioé trencs is by the construction of mean pres-
sure charts., H, Helm Claytonlwas one of the first to rec-
ognize long period trends in mean charts, ané concluéed that
the slow ané regular changes which he observed on mean charts
were due to large scale physical processes often comuletely
masked by the detail in the daily weather chart,

In a qualitative fashion it is often possible to follow
a gradual movement and riodification of the atmospheric centers
of action from week to week with the help of mean charts., It
is the purpose of this report to suggest more gquantitative
methods of cCetectin. anc¢ evaluation these longer period trencés.

I. Relationship of Daily Chart to lean.

Ixperience with nmcan forecasting soon led to the use of
the last available caily chart as a further indication of
trends in the mean charts, 3ince they represent the latest
information available, daily charts may incdicate a continuation

or a reversal of the trencs first shown by the ncan charts.,
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An investigation of the relationship between ¢aily charts
maliing up a mean chart, anc thelmaan chﬁrt; reveals the

fact that a dally .chart bears maxihum'siﬁilarity to the five-
day mean (of whiech it is a part) if it is the middle map in
the series. This means that either the 5th or 6%h twice
dally charts, making up a five-day mean, should look like

the mean, This is ﬁllustrated by Figurés A-ahd 5 in which
are shown the-caily 10,000 foot ﬁap for 2300 HST, January 12,
L9422, and the corrcsponding mean map for tihe period January
10 - 14. On the mean map are other elements which will be
treatec later on. -

This empirical oonﬁlusion is further sup; orted by a
gtatistical cvaluation of tnc'coofficicnt of corrclation be-
fween the meen pressure pattorns for trelve éases selected at
puncom and the caily charts niaking up thesc neaus. These c¢O=~
officlcnts ware.determined'by corrclating daily ané mean
pregsures over North Amcricé at 24 pbiuts at the 10,000 foot
level ané at LO points at sca level*, *Thesé coefficicnts are
phown below: |

(10 aps, a,ia. and p.u. make up

Maps during the. 5-day period
the mean)

boa—
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Une conclusion we may draw fron thie result is that, mor;
often ﬁhan not, the vafiatibns of pres sure at one p01ﬁt c«*howr
graaual TiSlHé and. falllLu trends lastlng 110TC than five days
althougn there arc snall 1rrubu1ar fluctuat101s in the twice
daily valucs maklnb up Lhc ncans, The degree of similafity
betweecn thc Lean una miaale daily nmap will bu éruatbst vhgn'
bhorc is a ragular alulgrafurublj a l;near, varlatlon of prus
sure in &qun rculons during the flve—day perloa.. In othur

words when the patteru of the daily chart is 51uolc und when

movcmhnts are slow thore w1ll be grecat similarity betwcen thc

e L a

middle daily and ncan chart, but when the pﬁtturn is congl

with repid moveixnts, thu sirilarity will not bo as gooa.

It has beun f ound thﬁt in the HﬂJOTlt“ ef *afeq Le aally

pI‘(,SSUI‘C. I‘l(}.g ;8 anc BI’OU 1'1"‘ gre Stronger t.\.ll'.tl- t lL corra S‘DOIlO.lIl

orcs on the mean charts. This ig the result of the zreater -

variakllitj of prcssurb on the caily charts.

The Ooanﬁt that any rallv chart bca;s cY 31111ar1ty to tn

mecan in Whlch'tht aally caart is in the m lu of tihe period
has certain éircet nractical usces in forecasting:
]
1, It offers an indication of the 1nstant1n@ous trund
28 taklna place-in:the- iican charts, and P

o W CCRCIE PR - OO R O e e T T

o 2 Once ﬂmVlﬂ a pfognostlc muan Ld' it offers falrly

. - definite clUes™as to thu-appuarancu of the mid-
ol pcriod-daily rap cerrbuponding.to the prognostie: |

chart,

" Obviously, the doncept is 1ot 1uFallivic, aud borderline

cascs arisc where the forceaster must be carcful in attempting
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to evaluate his last available daily chart in torms of the
latcst mcan. Thus, considering the 10,000 foot chart, whon
two falrlv weak troughs of uqual intcnsity. appoar relatively
elosc toguthur on a daily chart, the corrusponding mean will
most likecly contain only one trough located;bctween the two
on thé daily chart.

The limitetions on the use of the concept arc perhavs most
roadily seen if onc comsiders the well-known fact that daily
troughs ané ridges almost always move faster than mecan troughs
and’ rldges. Thus a:mean. five~day trough is usually made up of
more than one daily tr ougd; cach off'which undergoes variations
in Intensity. If cach deily nan corrcesponded cxXactly with thc
flvesday mean in which it makes up a pqrt;_thgnwthc\spoed of
Uie dally and mean troughs would be,the samo. .

A. Quantitative Applications

The development of trend methods was oriiinally along
gualitative lincs., Onc of-the first attempts at a quantitative

approach was to simply plot on a map a sclected isobar, such as

the 700 n 1sobar, for thc latcst mcan maps as well as the

-l A" nl latest Cally map. By continuation of oxisting trends.of the
8 trend ;
S same isobar, an attempt was madce to.locate some: features of
zigalrly the mean map a half week ané a full weok in advancc, This was
ostic’ not vory satisfactory becausc it gave only one isobar of thc
- | Qosiree pressﬁfa Cisfributioﬂ but 1t led loblcally to the next
craerllnc

: I l1tust ;ntlou o CApr S&1 rg trencs uqnultatlv l namcl
attemptlng and le L ;p gssi g q s G137 v,
mm —_— -—
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to plot as a graph the izean pressure-as a function of tine

for standard irtcr-sections of latitude anéd loigitude; iun
other word33'to congtruct what mizht be termed "a nean baro-
gran (Fig, 6). In this figurc obscrved mean pressures (plot-
tcé against thi last éay of the five-day period) are indicatced
by dots, whilc pressures taken from tho latest: available daily
maps (which cofrcSPQnd to the mcan pressures of which “they ‘arc
the midale value) arc indicatud by crosses, Tt will be noted
that the daily valucs inéicate the trend in the necan barogram -
quite well in most cascs. Also, the higher dally values lfé
well above the mcan curve, whilo the lewer valucs are below 1t,-
indicating the grcater variability of the dailly values.

I1, Trcnd ldps

A, IZxtcnsion of 'thc Mcan Barograum

The most obvious way to maie- prognostie -usec of -these mean
barograns or "trend graphs;”:as they are célled; ig to find
methods of extencing thewm to incluce the dates of the next half
week and full week maps and then read off the appropriate pres-
sures. By plotting theseé yressﬁfes at eéch'étanCard iﬂterAI
section we can then construct what is known as.a‘”treﬁd charth,
Two methods have been used to do this.

Thelfirst method consists of extending the_trend indioateql
by the'last two or thrge.pointa; ipclq@igu the last caily value:
In ot@er‘wopds, a_straight line ig ¢rawn which is approximately
an éxﬁenéioﬁ of the slope incicated by the last few points. Thi

method has the advantage of bein, purely objective, so that any
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two analysts can get the same results, but it sometimes gives

tine
. Impossible results for some of the pressures. Moreover, when
gt ; _ ‘ i . .
S the forecast values are plotted ana the isobars drawn, it has
i o een found that this iwethod has a tendency of "stopping" the
- : ovement indicated by the half-week trend chart. The effect
tndicatced \ _ Ny,
el # Lo over-emphasize thc ééepening and filling of tro
TR D € deepe & 8 filling of troughs and
sall dpes and under-emphasize the movements.
they arc )
s The metliod of ‘extidpolation now in use is to make use of the
¢ noted _
: bt history of the trend curves as well as the indications ex-
)>arogram ' . | _
: pesped in the last few points, 'This suggests the use of
lues “1ie : : s o e 4
] % I it 1 L0 Al R i, 5 3 5 At o Tyt = ‘
below it,- parioda", a method of forccasting which ‘has bu?n long unéer
y prial without a great deal of sudcess, I- wevef, no attempt is
nade here to use perioés-figorouSly{ - The- basic assunption is
nerely that the convolutions of the trend curve at any given
; polnt in space will remain approximateély similar, For exanmple,
lese nmean _ Ful _
iy lugtuatlons in pressure at high latitudes usually are character-
Yy fain :
¥  Mued by large amplituces and. short wave lengths, while at low
next half

\ latibudes a small amplitude anc long wave lengths prevail, No
.ate pres- : AL % .

s ¢ AAgld period exists Tor a lon, time, but in general it appears
JTiter-

3 hat the slopes of the rising anc fallihg portions of the curves
1id chart™, e . :
: wmaedn approximately the same for any given geographical point,
\# doss the curvatire of the troughs and ric¢ges. Then, t00, by
indicated '

&

aking account of ‘the ﬁast'hiétcry'df ﬁﬁéﬁéurvas, impossible
dly velue.lynlues of pressures are eliminated, * The method, then, involves

-

oximately N hg gxtension of the curves by a reagonable spacing of the troughs

ints. Thiiknd ridges, an¢ by considering past slopes and curvatures. To

v that any s
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some extent the metuoa makes uuelo; t he 1Qea of symmetrj
p01nts proposed by Vclcﬁmannz. Our methéd suffers tue le—‘
aavantave of belnb not entlrely obaectlve 31nce the e&act
shape of the extended ourve is to some e: tcnt a matter of
1nd1V1aual 1nterpretat10n. o test has bcen maae to deterﬁlne
how closely two alfferunu analysts woula aaruc but 1t 1s fclt
that in bcneral tncre wéula not be funaamental ClSaéréehcnt.
An examﬁle of thls met od of oxtranolatlon maj be seen in the
right hana portion of *1bure 6t ﬁhere below the thlrd curve
from the top are entered tnu l&uei C.8 comesoonc:.nb to numbers
beside the barogrur- - = . S i HE

B. =Examples of Trend lans.,

It now remalns to be,sebn.aou Well o; ow baélv ££ésé prog-
nostlc trend charts work out 1u Jractlcp. Thie que tlon will
be treutca noru fully latcr on in the Stutlutical sectlon of
this report, but we will illustrate hcre some e&a:mlos of trend
charts. 1

Figure 8 is one of thp first trenc¢ charts taat was maue
for a full week in advancs, ané in conparisorn with Figure 7,
the mean chart available at the time of forecast; represents
a radical change in pattern. An unusyally strong and extensive
polar anticyclone is forecast where no previous'sign was inaiu

cated. Figure 9, the observed chart a weck later, shows how

well this forecast succecdec., This anazing result was soon

found to be rather unusual, ané subscquent sea level prognostic
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charts based on this mcthod werc so Door‘that ﬁﬁa us¢ of sea
dovel charts for the applicztion of trend @ctnudv was abandon 3d o
It was felt that tho poor rosults were in lqrge part due to

1

the cerplicatcd noturc of the sca level pa ttbrns togothor

With scme crrors in the method of reduction of pressurc tu sea

L ot

l.\..Vbl .
X ‘s ,}';
fhore arc reasons for bullLVlub thﬂ trcend methods, such

AR that Luscrlbud buvu would heve uere succoss wnun uﬁnllbd

L

te 10,000 foot prcssuro chnrts. In th; first ;1&0@ theso

alarte orc nuch nors DiAwlc in thull apnu rancc than cre sur=

i ?
1, - FE

food ohirts Thoy consist mnlnly of cxtunieive ridegcs and

Lroughs , Liv1ru thco LpJ,Hranuu of o weve train of sirusoidal

Tnc weves on the peon naps nove with spieds which

i i .

 QUite slow relative to the Caily troughs and ricgcs, 2nd

aanpaotor.

Male tho CunulHUlLy of sca lcvul.m;an raps is frequently very
Urrioult te dctermlnc, thb cgntinuity aleft ke easily dctor-
adned 4n purh“pcz 90% of thu e-s;s. Cnc of the reosons for thc
nrostur cgmplox1ty of sua lcvul pressurc ﬁaps is the faet that
B0 Wulght of the layer cf air betweern tvu gsurfoce cnd 3 km, is
Bolwthing which varics terLnduusly dupeuding upun the scurce
f the alr wnsscs invelved. | |

An oxample of a 10,000 foo% troeud chart preparcé for.full
Wouk In advancce is shown in Figurc 2; while the observed chart

18 shown in Pigurc 5, and the antoeccdent obscrved chart in fig-

ure 1, At tincs the trond wothods foil, ané o cose of this kind
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ig shown in figures 10, 11, and 13,

Trcnd-charts nreparced for a half week in advance almost
always work out quite well, The degree of success of these,
as wcil as tho cﬂarts preparca for & full week ahead, will
bu treated latcr.

ITI. Computation Methods:

A, Gencral Considcerations

Trend graphs; or mcan barograms, suggust the possibility
of applying cxtrapolation formulac to thc novement as well
as deepening and filling -of mecan troughs and ridges on the
10,000 foot chart., Sincc moan pressurce pattorns are continu-
ous, both in spacc and timg, thire is no thuoretiéal receson
why the usc of cxtrepolation formulac is not perfoetly wvalid.

On the othor hand tliere are practicalldifficulties, which
are so grcat that it scuis at first impossiﬁl@ to cxpect good
results., If, as TUttUTSSUﬂB statis, cxtfébblations should
bec carricd out on ééily charts only as far as 12 hours in ad-
vance, and cortainly no further then 24 hours; it sceme 4iffi-
cult to sce at first glance how we can have any succoss when
extrapolations arc carried out as far as a weok in advancc,.
Thoere are, havcvor; a numbuf of consgldcrations in favor, of

applying thc formulac to mean charts, particularly 3 km., charts

which are¢ so appealing as to suggcest that'ﬁhu ﬁuthod should

at lecast bu thoroughly testcd,
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Firstly, ong of thec basic principles involved in the usc

of mcan charts 1s that they climinatc minor dotails 1n thy

pruasuro systom.vhlon arc subjcect to rapic and 1rregular fluctu—

nly thu large 'scalc “seml—permanont“ centers

ntions, apn rcvaal o

of mnotion, whica arc subjeet to much slowbr changes in structuro

and position, We should expeet therefore, that pressure contcrs,

proughs, anc ridgcs on muan charts would MDVQ in a much Lore

rugular fasnlon than they do on caily:charts, anc. for this rcason

uxtrnpolatlons bascd on velocity comnututlons ‘alone can be.

unrriun out for much greator periocs of time

Bocondly, considcr tho simplicity of tav patterﬁs on mcan

Y km, charts, Cn these upper level charts tﬂprc is alimost

always & simplc wanliku ProSsure distribution, w1tn onlj one

Lrough anc one ridgc OVuL an arca as largce as tho United utatps
(Mgure 5).

of ﬂqural points for tﬂu application’

Such a simplce pressure pattoern allows the choice

.of formulac. In other

words, tho choice of p01mts is not so painfully restricted as
if the

*

in tho casc of ¢aily pressurc charts. Purtheriiore,

fpallobaric pattern 18 equallf glmplug largc lenth units nay

lulgth units, without v1olat10n

be choscn., Thc USC ‘of larbc

of any of thc thoorutical prlnciplus uncorlving kinamatical

gomputations, strengtions onc's confiduied in tac numierical

poouracy of tpg volocity coizputation.

der the question of the rcliability

hlnally, we shoulc consi
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of the data, One of the rcstrictions to the application

of formulac to dGaily charts is the unrcliability or un-

-

represcntativeness of ‘the data, particularly the threc hour

tundencioé. dﬁrgprchntaiiﬁenGSE is cantircly eliuinatced on
mean 3 km, mapé, and thorc cén’hardly be any gucstion about
the rcliability of tho pressurc data, at least over tho
Unitod Statos,;siﬁcb it rupresents the mean of 10 daily maps.
The mean pressurc andOﬁbios are & little more uncortain,

These arc obtaincd for cach of the stancard intorscetions fron

the slopc of thu mean dbarosran at thic point ropresunting the

o~

latost moan pressurc nap (Fig. 6). ' Tais portion of the trond
eurve is n;léti.matucl partly from the last daily value'ané for
this fuason th LSfiﬁatbd.tunaunOiLS ﬁay'bu 17 errersl "Lk
ordcr to uvélua€Q tﬁu ragnitude of this sourcce of crror, ob-
served tonddncips were obtained fof the ‘saie points after

the trond craph had boen conploboud. The two iscllobaric ficlds
constructud frbh thusu différ;ﬁthbstiﬁﬂtoé.Of'ﬁhb'tuﬂdunﬁy:Wuru
very simiiﬁf; and in fect wvolocit7 couputations tiadu with both
sots”of iéailobufs gave practically the sari Tosults, 'Thus;':

it may bec concludcd that the mean btinéoneics are fairly aceuratd

B -Tuohnique of laking Vblocity’Coﬁputafioﬂs

Tn practicc the prossurc tenéencies arc obtaintd frow tho
graphs by takins thc pressurc ¢iffurcrnec between points one

day on cither sidc of the point roprescuting the ncan (Fig. 6)
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In othur worde, a two-day tendeney is uscd, and in rost

ORELE this 18 a viry goocd approxination to the slope of the

Prossurc tondoneics zrc obtaincd in this way for all

Fi

bhe stundard intorscetions,

(Mg, 1).

oUIve.,
and mean isallobars arce drawn
Trougch ané ridec lines arce ¢ofincd by their mininum or
maxlinown latituée positions, sincu it is guaurally ¢ifficult
b0 defiue points of maxinum curvaturc .on moan charts. It is
gloar from the dcrivation of ﬁlﬁ,hutlc fornula; that it is not
nubseeary to dcfini-a ?Iouah‘or rlaéb line bv the roegion of

(TRETE RTRI ourvqtﬁrdlés.lopg:asﬁthy prussuru Sos oxllg 1s approx1—
This ds

mately parabolid.: truu in thc caSc‘of thc mean charts

LUBAMBL of the largc soal;fof thé vrgssurd*waﬁué,

Anoth,r cuvgrturp frOm usun i qu to: gar pructlau in 12 Llng
mbmpututions ig to choosc 1z tiuuau GerluS a8 co;uututlon xus
(Mg, 1],

Gnee whothor tiac axcs ars sStrai hu or curvua,'ﬁut all the- Vﬁluua

Accorcing to Pbttcrssunh it docs not ma ﬁe BBr: differ_

o DruBsurc or prossurc tuuCCthn :oa 13. ho formula_mu&t-bu

baken from the chosgeil qxes; ,The use of minimum:éf ﬁnximum la%i;
tudy points for dcefining troﬁghs or fitéuSi and the suvlection
of lutitudd.circluS-fbr axos simplifics tho id@ntifipapionﬂof'
proasurc Systums frou onc Iap to the noxt,

The formula‘to be Used for a full wock coupututloﬁ bascd
on vuloeity alonc is: i

8 = 345

(p




il

where S is the number of lungth units traveled in a week,

b is the pfossuru tendoney in millibars per two days, and p

is the prossure. The ratio is multipliud by 3.5 since there
arc 3 5 tcndbncy intcrvals in a week.

In applylnb this formulq to mean maps ong must obscrve

the samnc rules for cn01ce of unlts as apply in thg casc of

._ddlly mapss In gc,nu rady 1t is founa that tho unite which can

bb choson arce qultu lqrgb, 50 as to inercasc confidonee in

the VblOGltJ corpututlon (zig. l).
' Duupunlng or fllllnb may bu obtaiuod in il usual manner
Ey u81no the “rbssuru tuncuncy at tﬂb troubh or 11cgu i,

An oxumnlu of COLpUu&thﬂ Lﬂsyd on mua n maps is shown

]

in Flbu. 1, angé 3, Whllb tqu obsvrvyd LoD corrpspondlnb to

the prognostic cnurt is shown in figurc 5.

&, The AGOul ration Tvrr - fuhntltatlve l.cthods

AS w1ll be soun l“tur manj of tiic couput thDS of cis=-

| placumbnt purticulﬂriy fo¢ thb full wook, Lqu poor results.
' This may bu €uc to an inaccurate butludtu of tau velocity, but

in most casus 1t 1s grobablj'auu to f¢llUfu to Lnoludg in thc

dlsplacemunt computatlon tﬁu JCubleAtlon tbrm or perhaps

tcrms of UVun hlghgr OrGLE,

Two attcmpts WOre UialeRe to flna quﬁntlt tivb cxprossions

for thu aecclurﬁtlon turn.

The first “Lthoa makes usce of tho Lutab“.tlcul cXpregsion




veck,
, and p

ze therc

d2bscrve
ase of
which can

icy in

1l manncr
3 line,
Le shown

tng to

Jue

of dis-
_rosults.
yeity, but
lu: &n the

;rhaps

‘gseions

JXpression

=
for acccleration, If we assume that the velocity of isallobaric
guntors ond pressurc cuntors ard the samc, then the oxpressiﬁn
for aocblcrutioné is: |

(pt - .o

5 BhTT o el
(p=* - p°)

Where o is ﬁhc-vclociﬁy of tﬁu_prcésurC-systcm, the numcrator
af the ratio is tho cus£tu£p of ﬁhc“iSQllobafio profile, andé
the dunominctor is the curvature of  tho prussurb profilec.

it wae fclt thoat morc riliable stinotes of tondeneics,
Bhan It 1e possible to obtain pﬁ daily mope, night make it
pOFElble to cstimats the curvaturc of “the isallobarip progile.
Phe ahove formula was applicd to two mean maps using both the
uatimated isallobaric ficld and that obtainud from the completed
{obsurvud) trena curvh; as oxplain;a bufééﬁ. Howevor; unlikc tho
Vulooity turm; thc two, cstimatus of the acccluration turm did
not Agreu, and werd vven dpﬁbsitq_iﬁ ¢ircction, Sinecc ¢ and
(p* = po) + (o1

SarBuent must bc duc to the CuUrvaturc teri of the isallobaric

g

-.p°) were the samc inboth ciscs the lack of

profilo,

One mny concluge that tho crrors in neon ﬁoﬁdancies are still
fon large to pormit XCAﬁrﬁt;.bomppﬁ;tions_of_aééulprations or
BhNE the @grid obtoincd by plotting:tundonciuslnt'uvary . ik

interpuotion is too wide to nllow an aceurctc Gcoctcrminetion of

thy denllob-ric curvaturc,
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The sccond mcthod of considbring reeceleration makes qu

of two past movements of the trough or ridge to obtain the

acceloration. Thus, if we have throc succussive positions of

a trough or ridge and if we assumc constantlacce}ération or
roetardation, then 'it is Qﬁitu;simplo-to gct the futurc position
of the trough or ridg. by dircct cxtrepolation,

ThlS method may be 1nplled to mecon troughs or ridges, but
since the- timc interval betwecn sqcoussive positions is approxi-
matély a half wock, a foreucast for a half woek in advancc would
involve the essumption that the accglcration remain constant
fquﬁ WuC:¢and o half, As will be shown later, this iﬁ a rather
noor."ssumﬂtlmn. : ; !

Another method of thu some type makes usce of the pﬂst hulf
woeek movenent and thu instontoancous veloqlty on thu ourrent mop .
This method may be illustratcd in the foilqwing diagram:

) [ T '] [ ]

v B B s s = o R, i g
T

B—

- o B ] 4 g - b -

" (Successive positions of ‘econgtantly aecclerating point) .
Assumjng for thc moment constent timc intcrvals, then.it

ean be shown by using the formula 8 = Vgt +/1/2(4,t%) that tho

aegoleration is 2(V=A) whiére V is the veloeity at point S; ‘and
A is' the past displocoment in a-unit tine intorval.: The dis-

placcuent -during the next unit time interval is:

B = V+(V-A) = 2V-A
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The displacement during two tinc intorvals ist
B+ C =2V + L(V-A) = 6V;4A
Phy advantage of this mcthod over the previous onc is that

1t ppsunes constant acccleration over o shorter interval of

tine, for in this casc a forceast for a half wock in advance
poquires only -thrt the acccleration remain constant for a
Wouks ‘

PThus, displacenunts of mocan troughs or-ridgos; toking
aebcluration into cccount; may be made by using the past half
Wuelt mevuniont togcthor with the veloeity computation.

. Mhe netual formula for displaceint is corplicatud by thu
£o0b bhat the tine interval frow onc half-wecl-map to thu next
is ‘hot- ‘genotant, varying botwoon 3 .and 4 daye., Thorofore the
f'diﬁ&h o be uwscd in‘a -given case doponés on whethor thoe fore-
iﬁiﬂhiu'ror @ full week or ¢ 'Half WGLK; 216 whoether the past
hﬂlt ﬁvwk Interval is 3 -duys or 4 days. The formula for a
WP Weok displacement, 'with o past half weok interval of 3
dnye o1

S = L/3 V' - 16/94 .
MIRRR Bia tbo alsplaconant, usually exprosscd Anm cepblmeters,

Vi de the voloeity cemputction for o full woeck, and A is tho

jﬁ’ﬁ;hﬂlﬂ wuok movement. : The Tformula is-most oasily cvaluated

m’ﬂlhlﬂl of 4 graph, whsre the coordinates are Vi' ané A and
. v X * i .
ol Whiloh arc drown:iso=lincs.of S,




good, ~ Istimates of A bascd on 0E5crvcd-positiqns of trough

" $Hhat ‘the failure of the method to &ive positive results is due

e
This method of cxtrapolation was tricd in a numbcr of

cascs for a half weck in advonec, ané thc rosults were quitc

negative. It was found that in the majority of eascs the

that obtained by correeting for accoleration, This mcans thot
cither the cstimatce of aéccloration is incorrcet or thot the
dssumption of constant acccleration fér a weck at o time is

incorrcet. Now from whot has boun said buforc it 1is probable

th~t estimatces of the insﬁaﬁtancous voloeity:(Vy') are quite

and ridgelines should :isb Bu good, so that at the worst the
acceleration obtained should be 2 Tairly gooé cstimate of tho

mean acceleration during the ﬁast half weeks It is belicved

to the faep that accelerations do not remain constant for a
week at @ timc. In other words, oven if the corrcct accclerati
torms could be found, another torm should be added to the vX-

trapolation formulacs

D Accolerntioﬁ Tpr@_;.Qualitative Methods

In Spitc of the fact that no good method.of cstimating
acdclgrations,Qr_chgngu;in aceuloration was found; it pay Sfil%
be possible to gut qu;litativp Ustimatos of the sign end mogni-

tude of aceculyrations, or at lcast to vstimaty whon tho leociT
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mber of formula is lik;ly to work well, It will bou most convenicnt

cre quitce b0 brdng out this point by a é¢iscussion of the various possible
ics the Prors in the oxtropolation, These are as follows:
botter than 1. An crror icy be mado in the veloeity computaticn.

| moans thot @INLE hee bocn Giscusscé befurc, and it was statid that in
*thet the wheenl tho prussﬁru ané isallobaric ficlds arc so aligned
U otine is e & good dcal Qf confidence may be placced in the uniquuncss
-s probablc B¢ g, oomputation.-fHOWVVpr; there oro somcetbimus cascs WhET
arc quite Mo lenlloburic ficlé is quite complicated, so that o short
f trough L gt unit must bo chesen. In such a-ease it is ofton irpos~
FWOTEL, Ghe 1038 B0 pulcct o ﬁnit‘sélns tu satiéfy all the eriteria of 'a
sate of the ‘ol somputcotion, his ie c¢specially truc if the isobaric‘
3 belioved 'Pl’ilu s flat. Such cascs con casily b. Cistinguighced with
sults is ducly yigeiy, rnd may be climinated.
int for a 2, Aodolcrations may oceur éuc to oxtroeme flatnoss of
3% acccloraty he PrLseure profile, A else of thls kinc is illustratud in
to tho ox= STEES 10; 12; an¢ 13. Figurc 10 shows that tho computations
Wi Applicd to a proessurc ficle that was oxtroncly £lat, and
JaNpadeon of Tigs. 12 and 13 shows thot the results were obout
stimating A8 B8 ap oould be oxpuGtCﬁ; with ridges fereeast whore troughs
it way stil] BONERLA and vico versa, =gy
gn ond magni On the other hand Figs.‘lu, 15, ané 10 show a case¢ where
n the vdlocii,."; BooLloepntions cecurrcd with' a very Gecp pressurc systom.

ie 11 lupteatos the fact that the criturich of the pressurc:

@
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proflle cunnot be ugﬁlluu to mean maps in the same way as it

can to daily maps. As Wlll be shown latcr, the increascd tlme

interval causvs deupeniiig and Tilling to takec o much greatur

part in determining the chamse in vcloelty than it does on

daily ﬁaps.

In tﬁé casc 1lluutrﬂLLd bv rig. lh thcro Was an abnofﬁglly
decp troughlpff tiho cukgt fnd purh*ﬁﬁ duc to c;n": e tuT“CtIUH
botwebn ihﬁ tw; lbl prcsourb syetuis tnc wnutbrr—nost ong fllluﬂ

VveIry ra“idly nrc Hieme ?uru was cubjcct te 1rorb”51ng uCCulurdtlL

EOWuVuT, it nay bu Dqssi ]u to ﬁuturLlnu Jhun fat duuﬁ truugh

is subgpct to dCC?unlﬂG nd lllllﬂu, Qrd tdurulbrL tg aceller-
ations, Fig. l shows the casc ¢f an batuhEqu WOITEL high and a

culu low. Such a systun cuminctes tho UﬂUlu uuntnu: pnttcrn SLi

Bhe t we dc not expeet rapid écopening or fllllng,. ThCrbbe

<L

accelerations huj bb cxpucted to ruhhin smaall,
Thus, to sum up, we nay cxpput lapec ﬁcculur“tluns Wlth

flat profilus cn mean charts a2s well as on anliy chmrtb,lbut if

the profllu is sharp wc must IlrSt con51ug¢ the possibility

cf erpbnlnb or flllln during the interval bofoerc we can
stntu thut &CGLluT .tions Ulll remoin small,
3. Ancther lndlcutlbﬂ of the V”lldlty of a coumputation

oma7. TR e

cF

is the relative metion of adj;a;nt PresSsure sSys

computaticns incicatce, for CXﬁhnlu, tnat a ridge is noving

into a trcugh, cr thet o tlaug‘ is rotrograding whlle a ridge
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I8 moving castward, then; since oﬁ ths averase adjncent
ay as it o p?ullurg gystins must uwve with dpproxim&tuly the sanu spead;
vascd time FUMLE Incdientus cither thit the computaticns are wrons or thet
. greatoer pooulurations will cbquf ¢uring tho inturvzl; sucih that tho
0es on. PuBulting metion wiliLbL diffufunt fron that coijputed., In
ulihur 0nBG littlo rvlloncu can be placué in the cocmputations
i

ﬂbnornallj 'l thorc is rp son t6 cxpeet that c¢ne or the other is wrong.

iT ‘} L

‘ 1nt“r“°t1°5 L1 if ono of thb Gprut tiune hes boen nade over cecan areas

=4 "‘;‘f

‘t LR flllbf " ¢ datn arc seorec, then loss relianec sheuld be placed on:

5 uc?vlf?atlf Ii. lhnn ) oomputktiun made in a rogiun‘cf plentiful data,
d“‘??. trcu{a ﬂ,‘ :”‘m what has buen .mld above, it is clear that not

w acc”l“r' ﬂlﬁ' Arv nooulcr“tiuns large, but thoy may vary cunsiderably
hl . “nd 8 -Hlt‘gjihu Intorval of o wock. Thus, oven if it woere pessible
; pattern sCRpg SN the ourroct instontinicus cec.luraticns it is doubtful
Phorafp;g_ ‘.q, ‘h*l would bu of £reat | _vlp in'furgoastiﬁg; cgincc we must -
I‘li‘",hku thu variction of thu acccluration into account

-

Long With - q‘h A ounvenicnt to think not in turns of cesoleratich,
*rts but 1l '“~;jhf‘hrwl gf chorzing vclccity. It is cvasy to sce from |
3lbllltY ‘ "ﬁﬂltﬂpiﬁ Yulceity formula thaf & ‘chonge in speed is duc to
go can  UNMAE WL thiugs: (1) o change in the slops of the isallcbaric
K ,“lu:'anﬂ {2} o ch;ﬁgu in the curvature ¢f the pressure
aputation '.J}'&g! A ohange in curvaturc of the pressurc profilc is duc
?- &l "‘ﬂg'!c decpening or £illif,. If a mean trough or ridge
moving A8 BMpLotud te woaken then rapidly inerensing veloeities may

lc a ridgc NG WMpeated (Mg, 14). If o ncan trough or ridge is cxpected
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r, thon veloeitics will dccruﬁsu.

to beeome strunge
As an impcrtant causc ¢f changing spoch, wWe may ¢ften neglect

the change of the iscllcbaric slepe duc to changing intenslity

of isallcbaric conters. Usually such changes in intcnsity

and thereforc cnly scrve to

acccmpnny 4ceo nening O PAlling
”*01f; the Tbﬁultlﬂ chonge in spucd. Ter oitomple, if = trcugh
deopens it will cften b found that tho intongity of tho isallo-

baric ccnters, and therefore. the 1snllcbaric slope, has incrvascay
tho pbrcuntual incru&SQ ueunrlly is nuch lcss then that

However,

e

of the curvaturc, So that 1t only scrves to ke the Tos sulting
decercasc in voloeity less than that wh" ch cne weuld cthurwisc

cxpuct
A vory ilmpertc L causc, of changy 1n S;llLburlC sloupu is
founé in the rulwtlvu nutiun f nrogsury 2ne isallcbcrlc
ccnbersSy geraplcty ruvursil of slupe may be causcud by btils
footer, ond it is pr.bably the &f tbSt single causce for lorgs
crrors in curiputaticn,. Tig,' L snuws 2 casc whore & gool oo
putation was acccl enicd by wquality in the speeds of isello-
baric anc iscbaric ccnters. It w1ll be Pqtud by conparing
Fig. 1 and 5 that the positien of the iSCllObMTlC contbors re-
ne about tho ST

lotive be tho troughs AanG rid&cs renglins
To teet this icca furtacr and te 8cC whothir oF not 1t
night be vsc@ as 2 2 pocosting BLooly O brm . Woe constructed
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on which the positiuns of isallobarie and iscbaric centers
at LON wore pletted acainst tine., (Fiz. 16). The period
ohicson was from the cnd of April to the cnd of Junc. Thik

particular scrics wos choscn buccuse tho cemputitives scoiicd

revsulte during the corly andé ziddle

[
<
C
(=
(BN
H
'_l
<
oy
re
()

Iay wiile thiy breke down alnicst ccuplotely beginning about

the firet of Junc., 1oy wag chiftctpiﬂ;aAi by ¢ ncre wr legs
norogl 1tmb&jhmric cireulatiorn with progsure syetolls moving
in ¢ normnl foshicn llvg_xb:ﬁ it UGSt ﬁcgiﬁn*L; nbeut the
first cf.Junv, howewer, b il progsure riscs Appuvorced in
Toeth Atlentic, This is generally isshﬁintud with sc-called
il c“ln’“ durin : which & gencral @repping of eirculstivniils
nuted over the Tgstbrn Hemiignivru ﬁﬁd pressure oontors mive

glowly of even rietrucrado. 1t will be acted frow Pig, 16 that

during nust cf lay, not vnly are the curves fur prossurc ond

o3 o

Iscllcbaric ecenters eppriziiately parallel, indlesting ggual

BpLLG, but are ols. epproxinatily lincar, indiccating

¥
foirly const nt specd. Aftor the first of June, nwwever, the

goneral piecture is gquitc choctic. ot unly de beth the iso-

poric and isallobarice curnters shuw sutregressicn, but the lines

3
gLntinuclly cruss ohic andtacr, indiecting thab the systens
IT¢ net nmeving 2t the scne spucbe. Thore is Lwven s suggesticn

glint abrupt chnnies in the notion of iso ll;b“ric cuntors preccde

pltiil~r ehnnges in the lscd ric centers by ot lucst o half ook,




light on whether or not there will te relative motion between

=PI

However the length of record is entirely too short to craw such

a conclusien. INevertiieless it is congicdered a part of the fore- i
casting prodedure to investicate first whether or not there is !
evidence of erratic behavior of isobaric arc isallobaric céhﬁers 1
before evaluating a computation. ]
5. Another method of taking care of changing velocity 1

is based on the construction 6f an interimediate mean map. AsS i
will be shown later, the nalfwweek'prounostic trend maps usual;y i
give quite good results. If we construct such a maﬁ, then; and !
: ; i

constiuct isallobars upon it in the manaer described before, we J
‘may make cémﬁutations anﬁ.obtain a prognostic map'fof the foliow— E
ing half weelk, In 6tnéraworﬁé, we use the half week trend map ‘
as an intermediate 5Step_ing sione” to the final fuvll week j
procnostic chart, This methoé-has recently been tried, and it is l

*

apparent that the actual numerical valucs of the computations
based on the internediate map can not be trustec., Towever; it
is believed that tlhie relative positions of isgobaric and isallo-

.

baric cénters may be trusted, anc thus may throw a good deal of

isobaric and isallobaric centers, In this way we may obtain a
clue as to whether the full week computation will work out well,

IV. Statistical Resulbs

Tn order to test come of the extrapolation methods ce-

dribed above, a scries of iieau charts were chosen from the
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period Feb, 23 to about June 6, 1942, coumprising about 29 suc-
gessive meén maps, Trend maps both for a halfl week and a full

week in advance were made for this period, as well as couputations,
In meking; the computations, points were chosen on each mean map
where there was reasonable assurance of good results, Whenever
possible, one point was ohosen for each trough or ridge, and

thus the number of points chosen on indivicual mean maps varied

from 1 to L4, the total number of computations bsing about 65.

]

™
i

or each of these points, computed displacenent as well as deep-
ening anc filling were coupared to the corresponding observed
full weck

values for both a helf-week arc a in advance, The com-

puted values were obtained fror trenc charts as well as froin the
kinematic corputations.

We have described how the estimates of cisplacement were

made by means of Kinenatic oom@utations. It ﬁill be recallec
bhat troughs and ridges were cefinec as mdving aiong lauitude
“lf01950, Thus, 1n order to comparc obsefved with.computed Gis-
placement the éame trough or ridgec was located o the following
observed half week or full week mean chart, and the observed
dieplacement was then the movement indieﬁtcd‘albnb the chosen
litituce circle, Thu computct dispiaoenunts.from trend charts
wure obtained in a similar fashion by identifyin¢ the chosen
Lroushs and ridges on the half week or.full week trendicharts.

e computed deepening or filling was obtained in the case of

83028
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the computation method by simp D1y cxtravolatlng the ohserved

2—daj'tendency at the point in question, just as is done in the

casc of cocpunlnb anc fllllnu on caily charts The observed

deoponlng or 11111n6, and tqc édee ng or filling as estimated

from the trend charte, was obtained gimply by fincing the daifforcd

in prcssure at the -chosen latitude circlc for succcssive posi-

-}

tions of the trough or riagc.

It shoulc be pointecd out that the leDtlflClthﬂ of troughs

and ridgcs on suce cessive ObSuiVLC or trenc cnurts is not always

casy. This is cuec to the fact that changes ‘in the structure of
mean charts are sometimcs so rapic that 3 or 4 days or a week

is too large an interval of time to follow an individual ‘trough

or ridge. Howcver, as will be shown later, this uncertainty

in the continuity occurs in only sore 10% of the cases.
Computcd valucs were plotted against observed valucg on

graphs to bec desceribed below, Since the esanc points were chosen

regardless of thc riethod used; thosc graphs are strictly com-
arable, | .

The first graph (Fig., 17) shows thc results of conputqtlons
for a half week in advance, (a half weok compricsing 3 or L days).

Particular notec should be talken of the number of moints where

the continuity is unccrtain, Therc arc scven of thesc points

out of a total of 65, This is a fairly small percentage, but

it must be rcmcmbered that there can be 1little hope of ap:lying

¢xtrapolation mcthods if uncertainty oxists as to the identifi-

¢
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cation of troughs anc ridges from onc map to the next, P
thesc points are clininated it will be seen that fair corre-
lation exists bectween computed andéd observed values.

However, correlation alonc docs not toll the whole story;
for the scattcr of the points may still be so great that csti-
matcs of trough or ridge position will be too greatly in error.
A ¢istance of 7° of longitude at 45°N has been choscn as the

maximum allowablce crror for a

.

reasonable, since the averagc

¢£ood forccast. This is quite

waveleugth at 45°N is about 60°,

80 that an error of about 30° must bc macde in order to place

@ ridge wherc a trough is obsurved and viec~versa, 7° of longi-

tude at 45°N recprescnts about 350 to 400 milcs., Lincs represen-
ting an error of this magnituéc have becn érawn rarallel to the
line representing perfeet corrclation, All points lying within
these lines, thon, arec satisfactory from the point of vicw of
the forecaster, It will be noted that about 75% of the points
lic within these lines.,

Fig, 18 shows the results of computations for a full week
In advance, Very littiu corrclation is shown anc 65% of the
points lie outside the maximum allowable error. It will be noted,
k0o, that the number of points whore the continuity is indefi-
Wlte has incrcascd to 14,

This means, of course, that vclocity computations aloneg,
Without any modification, cannot be usocd blindly as a forecasting
Lool,

However, the criteria mentioned above may be uscd to
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: selcet thosc cases that may work well.
Fig. 19 shows thc results of half weck computations obtain-

cd from half weck trend charts, About thc same results arc shown

| 28 in the casc of the kincmatic computations., Thcre 18 good

| corrulation anc in this casc 77%% of the points lic within the

| maximun allowablc crror,.

h Tig. 20 shows thc rusults of the trené chart method for

| a full weuk. Here, ag in the casc of the computatior mecthod, B

3 most of the points lic autside the maximun allovablce crror. L

“ However, it is important o not¢ that, unlikc the casc Of the e

! full weck computations, thorc 'is cofinite corrclation prescntb,

‘“ and the regression line (dravm by ins;uction) lics to the left A

|

':1 of and has a greater slope than the linc represcnting perfeet

h| agreement., In othcr words thc full week moverents as given by B

|

I the trend charts have a tondeney to be luss than the observed ne

| 3

{‘ movencnts, gspeeially whon tho obscrved movemont is largcs - Thig :

H. pcculiarity of the trend. charts was mentioncd bcefore in connce- Ol

|

| tion with the tcchniquce of thelr construction. If the maximum o

Il error limits wore drawn about the true regression linc instcad P
of the thcorctical rcgression linc, niany HOTC points would fall L

I within thom, "

| Another graph (not reproduccd herc) shows the results of |
computations o: doepuning anc £i11ing, for .a hall weok by rcans ‘

of the tundeneics at the centcer of the troughs or ridges. lo

corrclation cxists, Even the sign of thc pressure change 1is \
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the samo in only 49% of the cascs - about what one would expcet

Y chance, This rcsult is rathecr disappointing.

Another grapi (not rcproduccd here) shows the same clenents

|8 thc previous onc, but for a full weuk., Agein no corrclation
A8 shown anc the sign of the pressurc change is not indicated.

Pigs 21 shows dcepening ard filling for a half weck by

the metiod of trenc eharts, Here definite correlation is shown

iné about 50% of the voints lic within 2 mb, of thc corruct

valuec,

Another graph (not rcprocuccd) shows the samc thing for

1 full weck, Very little corrclation is shown,

Since neither the trend wcthod nor computation recthod gave

good results for full woeck decpening, another method, bascd on

formal prcesurcs was tricd. This method is bascd on the simplc
gsumption that the ceparturce from normal pressurc of troughs

¢ ridges will roain constant. This means, of that thc

coursc,

oputed Gecpening or filling is simply the ciffcrcnce in normal
frescurc botween the obscrved position ané forccast position of

.

Ble trouch,  Thus, if a trough i1:oves into the region whore nor-
Mlly a ridgc prcvails it should fill, anc if it moves into a

Bglon in which a trough is norrmally found, it shoula cGeepen,

e physical significancc of norrial troughs ¢g 1is that

B

i) Lhe long run mean ridgus are favored loecations for anticyclo-

arc fuvored locations for cyclogenesic,

BlluBlis anc nmean troushs
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In ordecr to test this hypothesie the obscrvead dcepening

(1 and filling was comparcé, not with the diffcrencc in normal

| pressurcs betwoen currcnt ané foreccast poéitions of the troughs

l ‘

‘ or riéges, but with the ¢ifference in normal pressurvs between

their obscrved positions. ‘This is iuportant, for two pasic
assumptions arc madc Lcrce. First, thitzthg original hypothesis
is corrcct, andscccndly, that Lo movemints are forcenst corrcctly,
We wish herc to tust only the original hypoth;sié. The graphs

! for both a half wcck and a full week in advance do not show good
] results, but neverthcless, tho Lcthod is the onc now currently

. _

. | used in the construction of couwputation charts. The method GOcCs
not give the erratic andc oftcﬁ sidiculous results obtaincd by I
| the tundeney method, ané i tho long run it should give bottor

rcsults than a forcecost of no chingc in trough or ridge depth.

{
| V. Swmary
|

Thesc statistical results indicate that considerable skill

| is shown in aepplying these gquantitutive methods mochanically

for a half weck (3 or 4 days) in advance., This applics to dis-
| placenicnts by bothr trenc ané coiputation nethode, and to deep-

il ening ané filY¥ing by thc tronc nothiél, Tor a full week in

| ' A i -

| acvancce little skill is shown cxeont by the trend dieplaccments,
| o .

| These results are quitc satisfactory from onc point of vicw,

1 They verify the fundomental :ssumptiOE.that rean maps mar’ be

extrapolated for 2 longur-timbzintcrv;l thon can daily maps

(3 or 4 days as against 12 or 24 hours), duc to the wore gradual

"I"‘J




= ——————

il
trends shown on mcan Liaps., ﬁOWUVUr;”aS Par as the half woek
extrapolations arc concoernet, it must be romembered that due
to the overlapping of suoé@ssiVU'nalf"WUuk'pcriods, 1 ‘6r'2 ‘maps
whichi g0 to malke up.tﬁu half wceok mean map are dlrcady avail-
able to the forceaster, In vicw of what has becn said about
the resomblancce of mcen naps to the middle daily map of the

= - -

period, thc last availablc daily map in itsclf gives the forc-

n

caster some¢ idecc of what the ncxt half week mcan map will look

like., Howevor, the prognostic half week trend chart is a much

s

closcr picturc, and has approciable forccasting signifieance,

The whole weck charts can be of appreeiable help to the

T 1 -

forcecaster, providing that he considers taclr limitotions as

sct forth previously in this roport.

Lie

It must be borne in rind that the methods docgeribed

l_l-

n
this report are uscd only as cuxiliary tools in ¢xtonded forc-
casting. Theoy at lecast™ give the forcedster the best ‘indica-

tions possible from cxisting tronds; - much better than he can

obtain mcrely from a visunl inspection of thé observed cherts,
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VI, Appoendix:

Qualitative Critorin Applicd To Computation and Trond Displacements

A, Intrccuecti.n

In the preccding sceticn of this roport, certain qualita-
tive criterin for ¢stirnting the degrec of success of 3 Clmpu-
trtion wore discusscd, Thesc erituria nnd to ¢c with such
clclents s phg curvaturc of thc pressurec profilc, deceponing
pugition uf isubaric 13& isallgbnric cantoers,
end use:¢f the half wock trenc carrt, It is the purrcsc of

.

this -sceticn o drent the rosults oI statisticnl tests. of these

5

criteria, whiech in the wnin sooi: be uphold the strtuicnts R2Ge
in the preccding syctlon,

It was puinted cutb thiat thp_fgruczsting of displacceiaunts
for o full weok in advoncoe 1uft uch toe be desircd, whother thcy
wore eglputed by meons L extrapelation furﬁulgp vr by trond
charts, -This. result earrice with it tho dnplieaticn that on the

whule the ccuputzbion ind breud methoCs arc nut, of uweh praeti-

cal valuc, Hewever, even though thoe ccuputed displaccucnts do

[

nct shew up to. well when they ore luipeé tegether indiscrimi-

nately, we should c.nsidor the pussibility of scleecting those
coscs which have 2 high probability f succcss. This prcbleil
riscs in clicst any nothod of forcensting. lust Peroenston pe-
eognize, for cxomple, that thore arc cortzin weothor situnticns

which arc casicr to forccast than others., It is the purposc of

the prescnt study to show how thie proccss «f seleetiuh Nay
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be applicd to computation end trend Gisplaccments on 5H5=day mean
10,000 ft. charts.

It may be stat.d from the outsct that qualitative critcoria
enn nover guarante¢ the suceess oOr fallure: of o Torceasts -AS
long, as it is not possibl. to make quantitative cstinates of
crrors inm the comput~tions, it is 2also not pogsible to state
definitecly that an estimatud displacument will remain within
curtain limits of the obscrved éisplacerints The beet we can
for is that thoerce will be somc assoeciztion between the
criteria and the success or failurc of a Torccast,

. The eribtoria suggested in this gtudy wore Gevelopoed essin-

= X

tially for usc in conncetion with cxtrapolation (kinciatic)

less, it 1s assunicd that they may &lso bo

formulae, MNovertho
applicd to cxtrapolations bascd on troné cherts., The justifi-
cation for this assumption lics im the followin; statistiecal
metorial, Tt is clear;hUwUVLr, that there cannot bo cxact corre-
gpondcnec between computation 1né trond éisplacements mucih of tho
flne, In thoe Tirst plQOU; if the troend granhe arce cxtrapolatod
gorr.ctly, they will automaticdlly take into account the chang-
ing velocity Sf a el ven trough or rldgc. Thus, "there is a ten-
fluncy for tnu tr;ﬂd charts to'cecrrcet somewint for accilcrations
Which affbct ﬁhu vglocity & mputations. Nuvierthelcees, the daiffi-

BUltics of vixtending the trond grﬁphs oractly are so groat that

~

i ropicly chonging situctions the trenc curves will fail just

W bhe formulcc will fail to give the correet displacuiunts,
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Socondly , it has been pointed out that there is a tendency
for the trend maps to underestimate displacemente, anc that
this error can be corrected in part by means of an umplrlcul
regression curve. No attempt has beoen made to do this in the
nrescnt study, however, so that this source of crror will toend
to make the trond displaccrents less sucecssful than those
made by computation,

B, Definition of Cwiteria

The critoria uscc in this ctuly arc, with one exception,

-

the same as those outlincd

=

n the nreceding scetion of this

report. They will now .be defincd individually,

1.  Profile Curvaturc: .In. ordcr to apply this eriterion 1t
is neccssary to definc what is meant by a sharp profils,
and thercforc onc that is favorable for a good compu~
tation, No mattor whet aunorloal valuce of tho curvaturc
is chosen for the critical vuluu, it will be qult
arbitrary. It is porhaps best to choosc this v;luu such
that half of the totul ObﬁchuQ curvatures arec greater

and half arc losse After inspcction of a scrics of mcan

maps, thie critical value of the profilc curvaturc was
dectormined to be 7 mb., using a unit of 13 cogruus of
longituéc at L45°N, and applying the usual formula for:

curvaturc [(pt - p°) + o P°]]c
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2+ Deepening
Al ]

deepening oné f£illing play a nuch more important port in
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evaluating displaccments maéce on mecan charts than on
i i

daily charts, becausc of the much greater timc interwval

involvcd, It was elso shown that the half week trend

o

charts give a good indication of this decpening or filling.
It will be assumcd that they also indicate change of cur-
vature, A change in curvaturc is cefincd as significant,

and thcrefore unfavorable for a good computation, when

i half-weel: trend chort indiecates that the curvature

B
(@]

will changce by a fector cf two,

Relative lotion of Adjacent Systems: Too much relative

ymotion of adjaccent troughs and ridges as indicated by cxtrao-

pclations ot the gwie lobitude shows thit cne .o uore of the
computations is in error, andé thereforc this situation

is unfavorable for a good computation, The indication

@

is dcfinecd rigorously as unfovorable if the adjaecnt
gsystems are forccast to overlap,
Past Relative lotion of Is:lloboric and Isobaric Systems:

e |

Considercd from a kincu

oty

I

atic point of vicw, rclative motion
between isallobaric aid isobaric systcms is pcerhaps the
groatest single causc -of large crrors in veloeity compu-
tations. In crder to obtein an indication of this relative
motion we may make usc of the last half-weck observed

mean map as well as the next half-weck trené map., It is

difficult to deeidc what ocmount of rclative niotion should

’

be considcred significant, but cxpericncc with mean maps
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opd . ridges frun <

Leult if. the casc of isnlliboric systilis. Furthoeriore, isallos=

-36-
mokes it clear that this critericn should be defined in such

~ way thnt it is unecossary te. identify individunl iscllo-

baric systows froln One ianp to the nuxb. It hos alresdy bookh

cxpl-dncé in thic, enge of cbserved nips that din about 10% of
the coscs it is ¢ifficult to jGuntify. inaividuwgl troughs

fe wep B bhe pexb, ;It,is_mgch.mdru;diffi-
baric prtterne o thoe halfewook trené mops are cften eruac,
ond-in the nmojerity of enscs it weuld be cxtreucly difficult

to identify incdividunl ia~1llcboric systoeue cn them, o Thorc-

fere, rolative nctisn 1e Gofineg o be neb foo ERElE LT
frRorable for n.gotd capubntion, whewn the is~ilcbars ¢n the

past holf-wock 1enn Dop wr R the holf-wouk trond:ehart indi=

cote bthe SaLic dirceticn of mctisp.ef ~trough cor ridge =8

L

This definition is.un31$isffctury

4

dees the current potn NP,

sinee o goud Ge~l of Tl tive totien moy.take pls e without

aetunlly PoeversSiné the ¢iruvection of pckien of: iyven. breugh

v

BLV
o pidge Trom cno-hilf wolk to the noxt, ' As will by, shown,

whtrs the n~1f-wock: trend is~llcs

Pt thore eTu BUG CRES

{guProble rolative s tion’ Wwithout o chonge

cdnl@ireetion of nution, ond the furceistor ean take this intg

" aicccunt in‘a qualitabive manncr. iorc will be soid later

about: the qualit~tive usce of those. eriteria, but for the pur

 puge of tho at~tisticnl znnlysis, the Gefiniticn. hos booh
- 1oft in the above siiple formi.

'Reldbive lotion Incicatod by Frogunostic JFslf-Tlcck Trend Chol

The cefinitiin of this ritcrion is sinmil~r to th t ccseribg

o

in the preecding
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between 7 and 14 degrecs, it is ‘¢considercd fair, and when be-
yond 14 degroes, pocr.
The poricd choscn for this statistical study was from

July 4 to Deccmber 16, 1942, cr from the time half-weck trend

isallcbars were first éravwm a8 & rogular routinc, up to the last

’

T

available menn maps,. - Thus, the voricd includcs mainly the
warmer svason cf the year; 2 puriod nct tco favqrnblg for trend
far ceaste,

Onc or twe.trough our ridge: peints were chosen on gach of
L3 meon naps, moking o total of 64 peints, Unliku_thu.pTGViUUé
tcsts of déisplaccment; the points were choson only witain tho

L §

" United States; botwoen about 60° and 120° West longitude, and

generally fairly clousc te 45°Ne The estimatoeé full week dis-

plocencnt was in each case obtoined both by the cxtrapolation

formula and by means ¢f the full woeck trend charts Thesce wore

then compared to the obscrved cisplacerment and classificd accoird-)

ing to whoether thoey woere gocdy fair, or poor,

The statistical precedurce uscd threughout this study is

an cpplication of the "chi-squarc® test tc cuntinginey tables,

4

This procedurc will be described only bricfly herc, and thosc

unfomilicr with it ecan censult any stanéard textbook on sta-

(€)

tistics.,

The contingency table fur the relaticnship betwecn trend

and computatiocn displaccrients is shown in Table 1, . Tho cocrdi-

.

natces arc the “valuc? of the trené or conputntion cisplaccments,

Fl s

oxpresscd as peor (B), fair (F), or.gcod (G). - The nuwaber in,
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TABLE 1

Trend

Velue | P | F G

Totals

PUTHETION
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g 1 6 . @15

28 xRz .§§  
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12 4 §/e

B L (2] (@)
- ol Bk | AR R
:ztggin@L;_@L“(n

Toyals | 340 . 1 30, M7

(25 P .01

TABLE 2" 7

61

Half YWeek Trend Chart - =~

et Sl T8
Reversed | Reversed

L Totals -,
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-, Pt . A

10) .
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| 42

TABLE 3

Trend, Chart
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3 e 115 ; 20
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64

flid i
Fablo~d P | 7 | o U mobals. |
B iz g
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41-59 ) 1 ey ) |8 et
040 i ! Boeiqil pe 1_15 ;5Ot> P 80
o @ e | 7
B8

Totals | 35 110 |17
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TABLE 4

Computation Chart |
=5 T A S T I O . |# m
Rat10“1 25 i"F G Totals
Tt 12 | 5. | 16 | 33 X2 = 4.27 |
E0=1001  “eisy () (13)
______._._-_.;. ot H,% i ,__1_______. S I
i E 4‘ |

B Lo ol .5 | '
41-59 | iy i ) (5) 13 4 d/f !

0-49 2 | 4(3) ! 3(6) - fas 500 F) .30

Totals | 25 _Tuls 24 62

TABLE 5 |
Trepd Chart : I \
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0:17:20 | (5) | (2) | (3) R .05y P .02

F S N _ 1

P =t e

Totals | 12-4 4" |9, | 35 -
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the upper left hand corner of cach square is the total numbor

Of cascs which fall in that group, Thus, thoere arc 11 cascs

Where good trené disploccacnts nre assoceictod with good compu-~

vations, ané 23 cases wherc poor trends arc assveiated with
peor cuuputaticns, The nuaber in parenthoscs in vach square

1s the number cof cascs Gxpeeted by chancc in thnt group, ‘ehi-

8quarc” is cbtrinué by finding the difference botwoon vbservad
nd cxpected, squaring it, dividing by the cxXpoeted number,: and
then sumaing the resulting volucs for all the groups, The

number of “"degrecs of freedom™ in this casc is L, ond the pro-

bability of gettineg this valuc of "chi=squarce™ by chance is
fiucn lcss thon 1 in 100. This means that beyoné eny roascnable

doubt there is real tendenecy for csseeistion botween the ro-

Bults. ¢f trend cné comput ticn cxtrapolaticns, Hewever, this

platoricnt should be wwodificé somewhat duc to tho fact thet there

W not ccuplete independence between the incividusl cascs golng

W makc up this test. Thus, for exaaplc, if o cocrtoin compu-

Btlon were to turn cut well and the corrgsponding trend dis-

ounnent also turnceé cut well, then there woulé be 2 tendoney

- Ciic eamic rosult to oeeur for o neighboring trough or ricdge

.

CT 2 trcugh or ridge from the next mep in the serics, sinply

bl |

&re eloscly assuciated in space or tis

ey
Al g

B UC the faet that they

I result of this is to rofyuece thoe effeetive nunber ¢f casos

W Ghercfore the numericenl volue of “chi-square?®, It means

2

ERRRLCT, thot the probability of gotting this distributicn by




I
chance is grcatcr than is indieated by the test. No corrccticn
hos been made for this crror, but it will be assumced that it
will not affcct tiac conclusions materially. .

Although the test shows that assceiation is preant
(Table 1) the relationship i by nc means perfect. Thore are,
for example, 5 cascus whers the trond displacument is peor while
the computaticn is good., Also 1t will be neted thet Thope are
more cascs of poor trunds assceiatod with gocd curputaticons

s nu doubt duc tc the tendoncy, men-

|

then Ywice wersa', Thils

)

tioned before , for the full weck trond ¢isplacuments te uncor-

_cstimote the truc displaocoments.

The next relaticnship investigatul was that betwoun the

half-wook trend iszllobors and these on the observed half-weok

e S
.

o .

nwan ‘ehart,’ Thug, the nalfwook trené isallcbars should indi-
cote the some dircetiocn of uction of @ given treugh cr ridge 'as
dc the isallcbars cn the cbscrved helfiwedk map, To test this,
the half-week trent charts as well cs the ubSUIvuq half-weok
mcan charts werc clagsifica acecorling to ﬁhptncr the igallobars
indicated that a-given trecugh or ridge weuld coentinue 1 The,
sorc dirceticn s on’the eurrcnt mcan chart, cr woeuld roversc.
These factors Wore thon tested for assceiaticn (Table 2). It
will be secn thnt in only 7 cut cf 29 cascts, where the cbserved
half week isellobors showeé the trough or ridge noving in the

some Girceticn, ¢id the progrostic half-weck trand isallobars

indicete thot it would roversce, However, in tho 35 cnscs where
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the cbscrved isallobars show reversel, the troud isallobars

il to ducieste thet revirsal in 20 ecazses, This result ds &
be vxpocted, siinee when lorge changes take place the exbunsion

Cf the mean barversn becews more ¢ifficuld,

bability fails

©o recch the one purcent level, «né that thercfire the cbscyeved

5

distributicn ¢ culé be cvbtainced by cunice,

LJ]

However, it should be

pointod.cut that theroc wore 5 casgis, whon the cbegerved isullo-

baric ficlc ghowed % PCTuTsl,; Whery tie trend Ieallcobars fefd-
mitely dnc jcatul miorked polstive etlice, 2¢ bthat tac Lorceadte?

Guulc nzve been well awars vkt lorge elasges ‘Word tking place.
Lo tthU 5 eqsuy Wore Enbiuret in fawven ©f the asstelanbtlon thoy
weuld purhﬁpg raisu the srobability above the level of signifi-
e LCce,

butﬁbun (e

The next roloticnship that wos Luestud was thet

Evaluct of thu 5iSCl&ObluhtS_iﬂC the cerresp dlIb gritleria

B orGer to. hove a gquanbity wllch TSP Lbubﬂtu tqb caabined indi-
Bticn of 211 the glx erituris, thoe ratilc botween the numbor
feverable for the compubaticn to the tebal number (6) was uscd.

Bllus, valuus cf this ratic closc tc zero (indicating that fow

-

P the critoria fovoer goud conpubatien) should be assceiated
Abh pocr cumputaticne, while valucs elese te 1 sheuld be
BRiCcicted with goccé. snics, This tust wog ecorricd ovut for both

BN Crcic and coiputoticn displ-comonts (Tables 3 Aiﬁ bily X

ETol is Foery Llibbls cssceloblion pruuu?t

B only the cxtrees oare tegted (Tables 5 znd 6), the results




e e
are significant iu tic cesc of the trond charts, and come clousc

tc the level of vlbnlflc nec in the easc of the cumputaticus,

Thug, in cascs wihcere uct morc then cue of the criteria are opposcd

tc the cothers, thoy ¢c indicate sSucccss

Pinclly, the a auGl“Uluﬂ botwoon cach critoericn taken
scparately anc thc “v&lub” was testud (eontingency tobles not

done bocausce of the pussibility that scme of

shewn) . his was

the eritoris ~re DEre iiportant thin tha othprs. Sincea tnis teast

requires tho trod tracnt Lf L2 corbin Uvncy tobles it suffors from

“phe frot thot the pr;b#bility of ot lenst cne siguificant ngsceli-

~ti.n ceecurring by chincce is 1horL“ cd, In wicw of the fact that

we arc Gcaoling with a lorge numbur of tobles, Nuvertivless, nong

of thcsc c,utln.unCJ et blw runchoG the ono pereoiid lovel of sig=

nifiesnec, incicating that, token clone, the indivicdusnl critoria

(eg éufincd) camnot lrdicate tho volue of on oxbtropulaticm,.

D. Examplc of Applicabicn ¢f Crit erie

Couputaticns mado éuring thc periocd January 13 thr.ugh

January 24, 1943, have been chosen te illustrote the application
of thosc eritoriz. The obscrved nean 10,000 ft. chart For
anusry 13-17 (f1e,.. 22) shows & broaé deop trouch leeated pyer

the castern Unitoed Statos. Cemputativhs mwade o this trouzh

indicate bitﬁvluly rapié roetregression to pesiticn just along

the west cunst, Jueh large rotropressi s arc selden Cheervel

~n charts It ig £ epoelal irturost, thorefare, BL 860 if

L -
CIl T olh e et

L I

te, eurpubobicne dre Likely e

the critceric iudiecrto wictbiork

guccead,



e of
shis test
?S.fr;n

t nsscei-
act that
G88, nUNC
1 of sig=-

eritceric

Agh

ylicevl on

wl e

Congidéring the particuler cowputaticn mede at L3°N 88°W,

nd cn messuring the curvaturce of the trough ot this point with

the proper length unit, we sco that the curvature just: borcly

cxcocGs the eritic~l v-luc., Iicwever, we note also that thoe trough

is very brozd snd cxtensive, cuminating the entirc orea of Tho

[}

Unitoé St-tos. Deecuse of this, we can prebably ploco nore con-

ficcrco ir tic faver-ble incicatioms of the curvature’ measSurc-

ment, and 2lse in the xssumpticn that the troueh will neot deepen

g £1311 ahpruciiblf curing the poricé. The half woek trend
chort (Fig. 23) indicotes thzt'thu curvature of thoe trough
(measurcd at 43°8) will nct bu chauget ap,reciably, anaé Ghe half
Woeok troné isallcbars indieate that the treugh will cuntinﬁu B
move westward, with isallcbaric poxinun ond ninimun still quite
far roemcved from the cenbtur of the tfoubn. However, the isallo-
bars on the bzst h~ lf-wock cbscrved map for Jan. 9-13 (nct shown)
indicate that the treugh was thon weving Qastw:fé, gng Ghab fhpru—
fore thore must have becn a comsidcerable changs in thQ igallo-

T 1=

baric ficlé during the past half wolx,

=

This is the cnly cne of
Lho critgrid which is unfoverable Tor the computation, Thu
Qllrrent mean mop (Fig. 221 shews that the trough is more thon 1/,
® the aistonco botwoon the isallcbaric maximun at 43°50 74°0

B tlic isallgb:ric‘mininun at L3°W 117%0. As far as thc ihdica—

Blins of ~djacent systuns arc comeerned, W Lidbo that the only

Biur system on the rp on which a computation wons pade 1s Tho

Mugh 2t 50°H 55°W, arnc thot this computaticn decs net gonflict




il
with thc others simncc tho displaccment is not largc in ecoupari=
son te the others, and would still rocsult in a reascnable trough
spacing. This critericn will thorcfere bo congidurcd faverable,
altheugh it is somcwhat indeeisive., Thus we oo thot gsince 5
of the 6 oritorie arc faverable for thu ccipputetion, it should
work cut foirly well, On . turning to the cbscrved mop for the
pericc Jan, 20-24 (Fig. 24) wc nobe that tho trcugh has cctually
L8806 of D thiuiwest ecast™®, and .su we.Ge net know ite gzact
pssitibn'bccaust of the lock of cbscrvaticn in that rogien, |
However, if we aceupt tho analystt's cstinetod pusition at 43°N

Y-

124°W we se« that this is Juas thzn 7° fra. its feroetgt pcsition

at L3N 123°W, onc that undcer. thisu circuiistances the forccast

shoulé. be consicercté gult,

In nracticc the 6 criterin arc arrangod in o fcehock 1list™
and the forcenster simply chucks or Crousscs them off tho list in}
making his cvalunticn.

B, Ccnclusicns,

It is scon that if cnly tho cxtreme velucs of the cvalua-
tion ratics ore covusiderca, STLC ckill is shown in prcdicting
the succese of o forceast, However, 1t shoulé be umbhasizgd
that in mory ways the dofinitlons given aboeve 2roe unsctisfactory
ainco there is othor impertant infuimation to be curived from
the eriteria than is incluced in thu definitivus,  Tho eriteria
wore Gofined rigerously in this simple fashion fur the purpesc
of the stotistical study. A iwre satisfactery, but iory coipli=
¥ Tntorvoning 5-day moan oharts prove withcut doubt that tho .

necan trough actunlly retregradcd and that theré is no deubt
of the continuity.
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k 1ist™

¢ 1iep 19

Tron
critoria
PUrpPCSC

r¢ compli=
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ited, definitivn wiula probably not be justificd, sincc it

Weule be sc¢ invelvoed ag tou ubsceurc thoe.practical value of the

resulits, Noeverthcless the furceoster should cunsider these

gritceria iu a nere gualitative fashion thon suggestoed in the

definiticas. Such gquolitative ccmsidoration is illustrated in

Bhe oxomple. Thue, the cxbtent of o trough cr ridesc, os well as

[ts curviture, is impcrtnt to eunsider whon it is o quostien cof

cannges, Thoe qualitetive usce of the half-woick

~lruséy beeh menticned

should be wiphngizel cgnin thot, strictly

Bocking, the abeve eriteria epply only U gormutoticng 2n6 neg
t¢ trend ch-rts., An7 tecchrienl improvanent in the constructicn

f the trené chrrbs or «Xpuricvnce in their uso nay invaiidate

critoeria as applicd tu the trund chart, Attaipts at im-

Lheso

Broving thoe trend mothed arc nuw in progress.




H, H., Clayton - "Iong-Pcricéd Weathcr Chonges
and Iothods of Foerccosting, "MONTIHLY WEATHAIR
RAVIZW, Vel, 64, No, 11, Nov, 1936,

Weiclawnn, L. - "Neuere Ergebnissc aus dor Theo
der Syimct rlcpvJ-ta.” Beitrage zur Gpug_y
Leipzig, 34 Band (Hoppenbond 3) 244-251 (l

yson - Wivather Amnalysis -nd Forcensting,”

"oG;_f—Eill, 1940, Pogc

Potterssen: thid, Fage 305
Pottopseen: 1ibid, TPage 393
Tetteresen: ibid, TFernmuls (1) Prge 399 curbined
with forrml~ (4) TPoge 393 and formule (11) Page
395
/’)o

Pettoreson: 1bid., Drec 40O

Rider, Icul R, "An Intrcduction to Modern Statistical

liethcds", John Viley & Scns, 193L, Page 12




26l ‘L-g 'upp

(paasasqO)
IYNSS3™d L4 00001 NVIW




Dl SNSRI,

o<
SN
e

‘T“ i A AN
g
i oSsSSe

TR XS
Jan.0-14,1942 .....bil‘“‘




A M)

KA \ L e
1

-
N

£ O, AT
A A x| )

U. S DEFARTMENT OFf COMMERCE 5
WEATHER BUREAU

Jan.12, 1942

10,000 FT. PRESSURE
(Observed)
Jan.l0-14, 1942

2300 EST




9 ‘BI14 1snsnv g 2¥61 "ONION3 oowmzﬂ.w
a4 6 S g 62 92 22 8l Sl 2 3 ] I 82 r2. 12 Ll %l (o NS €
e ol N e 5L _ _ 1 e e
089
069 ¥

X I % 3
00L =] Nl 3 l/// x\r/u,.{\w\)f/x\}fiz 08
/] /

ol =

E S

089 (6—G 'onp) 38NSg3dd MIFM 17nd| 03ivI0dvHLIX3
(S—1 9ni) 34NSY3¥d NI IM JTIVH | GALYIOdYHLXS

tsaw 2/ z-)| AON3ONBL 3FunsE3Nd AV OML
(29 _q_Jmu 00g2) A3NTIVA| 3MNSS3Hd AIva)| 1Sy
068 Iz 5y -62 nr) 3nTVA 39nSS3lid NVIA| 1SV

0oL —% .rw;mf;_ deivik \«\m.\.x\i/:/ S}/x lm\)/m(
il ﬁ??«\f\\/;«\a&\ //..\ . Lt

~laim ¢ |6

‘M .06

oI £
3 1dWVYX3
069
¥ X X
|
30 ¥ x | X //
i W

a— : M 001
= Iy X

ol X

S8




MEAN SEA LEVEL PRESSURE

Dec.20-24,194|




NSRS IS
RESSSwASY R

Nl ees
s Ceo

TREND MAP - SEA LEVEL

{full week)
Dec. 27-31,194|
a /

Al
nnnnnnnnn

~ I3k X
MEAN SEA LEVEL PRESSURE .m
e, . .ii
[ 3 f : 1% 1 llll -

Dec. 27-3, 1941




DEPARTMENT OF COMMERCE =

WEATHER BUREAU

= T =
U.5. DEP

Made Apr.6, 1942

TREND MAP
(full week)
APR.8-12, 1942

MEAN 10,000 FT. PRESSURE
{Observed)
APR. I-5, 1942




uuuuuuuuu éj
=" — - = 1
L]
" i
e '
— % 7
= /]
e b
{5 .‘}r
/0' S
i ;
= I iy L
i S w
AT
O 9
P 0=
< &
IMEAN 10,000 FT. PRESSURE
(Observad) 2
APR.8-12, 1942 w0 k.




EEEEEEC e = 7 S e S = R ATE

~ EEEREERS ) S STiny ]
“-“ nee i !E‘@’i%%ﬁa%“‘ /]

N "'\-:_!*2'?"3 \ 5t .__\" F e i

GOMPUTATION MAP
(full weak)

APR.I-5, 1942
Made Mar30, 1942




39014

—oxmmwee e 308K, N oOb 1V SHILNIO OIMVEOTIVSI ONV 'SIO0IY ‘SHONONL NVIW 30 LNIWIAOW --g--g---0-—,,, 200
olifd, o ey ONION3 Q01 43d AVG-G ot it BDOM
aunp fop % 1ad
WidY (2b61)
O.N m__ ol ] Ig Og S¢ 02 Sl ol ] (o] 92
! AR 1 y UL y F t _M_ T __‘\uﬂ// G2l
| o . % / \
I ra /. S " \.. \_\h\ / \
_. \ —— . _\_n_ R / \d\ / \\.. /. /
il S / / o o o<l 3
2 \ P u\\ \ ; > \ x __~| \ =
| ! / ! / A
! . / _ s / £ 34 A S
I ..ﬁ x |1 / . M_. = \\ / \..I.//.
Fd
M. 4 [ \\ _..“ i \ vl ' ' lu. \
! ...\ P __1_ 7 Ve \\ I 3 / \\t \J \ S0 M
[ J o ’ n_\. V. 7 \ _.w u\ v \ w
..~. / - \____ 7 \\ ] e A / / - - n/.... =4
. b 7/ e J / \ s il
S // ot | A [ 5
p / / 5 M) : / J Z
i / \ \ / = 7 It g6 @
.
Fa /] e s /o\ e / &
4 P e TN U [
.x \z« | \ _\\ ....._-__.P! \_.._ ! { ...-. ‘.\ £
Ll | \ 4 / N Z M P i __... 3
» = ¥ ] - 58
I [ / Nfi..:\ = \ 55 Iy P A
/ ! L P ! 1 / -7
/ / i@ o~y | e A i
/ ' y ! ] /|, i 5 -
! 4 I 4 4 o' \ ot
f - : 4 - / / s Vi er” 95,
_ / o AL / R I R 7
[} \ \\ \\ﬂ I ____-._ _ \\ R \\ (]
B \R n.\\ I / _\.k \\ ! !/
LA ﬁ S K ‘ /
/LI . % ! ’ z : /
Y - S 5 i 4 .
R “ ] Qe Y T e
a /
\ 7 [} L I -0 !
\ ~g-1 - ! ; \\ b f ! \\\ /, -
i 4 7 \ : R
: / : / / ! b £
/ { \ V) / g f 7 o5
I g A ! I /
L o v .
! e i # e -
rd \ll
| u.lrl\ \ \\ m._ \ \\ \_\__ e
\ T ) 7 L . /- . St
‘ A L [] / 4 \
O= &7 - ! / /
f ] ' ks " / ; / q
=~ i / o s 1 / o |/ / 1
u.d / / i _\\ \ﬂ\f\ / \ \ ~‘__ . / \\“;_
L ) ] /| i /I J / / LA
,., A AT \ .ﬂ L Ve { xk g \\‘ /
7 \ g \ / ’ /
\ 7 2 3 A ; S _ \ / ’? A 7
\ f 3 X \ \ ~~g-- . AV i J /
£ 0 1 7~ o / ’ A
AR p 4 - 4 2 P — < -
/ff . \ < £




25

MAXIMUM ALLOWABLE ERRDR-372 |MILES
25% OF| POINTS QUTSIDE MAXIMUM
| ALLOWABLE ERRPR
% —CONTINUITY IN[DEFINITE |(8.6%) | . | |
20| ———— - e e eI
is -
5' 10
.
=
i
=
u s
>
o
=
]
x 0 = ==
d
@
o /.‘ -
e e / . C -
7 7 FEB. 28- JUNE 6, 1942
/ e (74 POINTS)
_.07 5 MOVEMENT OF TROUGHS AND RIDGES
7 o) BY COMPUTATIONS ON MEAN MAPS
o e HALF WEEK Fig.17
-5 -10 -5 0 5 10 5 20 25 20 35 40
FORECAST MOVEMENT (CM.)
MAP SCALE | CM. = 2.6° AT 45°N. = 24 MILES
20 GAximul ALLowABLE ERRPR - 372 MILES Z v
€5% OF | POINTS OUTSIDE MAXIMUM * wl .
ALLOWABLE ERROR S /
g | X-CONTINUITY INDEFINITE (17.1%) ol [N Tl T
P v
/// [
* 4 i 4 /
o i
7 / s
. ./ .
= o /
36 " " .//
S = -
= // / P
g o ,/‘ =
= A |
) 7 o 4 <
= o d o #*
x-s
7] 7 v,
] / /
o / /
A /_, v
e 5 7 FEB. 28-JUNE 6, 1942-
4 7]
P, (63 POINTS)
/ :
15| — > 2 | IMOVEMENT OF TROUGHS AND RIDGES
4 BY COMPUTATIONS ON MEAN MAPS.
-
" i FULL WEEK Fig.18
“z0 -15 -10 -5 0 5 10 15 20 25 30 is

FORECAGT MOVEMENT (CM.)




MAXIMUN ALLOWABLE ERRQR-372 MILES * S A
23% OF| POINTS [OUTSIDE |MAXIMUM | A
| ALLOWABLE ERROR | 5 b
5 | % CONTINUITY INQEFINITE lie.3%1 | | A A
i ' i t -
l SRl
‘ A y
10— | A 2
| £y
| e/ b %
- o "
2 | P &
i AT P G 3
- | A -.:/'. Ve
& | Y| 45 -
= Gt R |
> 0 - — o £ —_—t
o - s
= A A
g 1 s ;
2 P [z e l
& -5 | / £ ./-}';. /.),. i —a L e B T i . 3
3 y A B |
/l /'/' < I |
=) I (o] £ =
i/’ | / FEB. 28- JUNE 6, 1942
Wapd (68 POINTS)
| |
-15 —,-/----/-/—;--——— | MOVEMENT OF TROUGHS AND RIDGES
< |
: 7 |
v HALF WEEK _
o | " (a) TREND CHART Figto
-20 -15 ~-10 -5 0 = 10 15 20 25 30 35
FORECAST MOVEMENT (GM.)
20 T = T T T 7 =
MAXIMUM ALLOWABLE ERROR - 372| MILES 0 M e
65% OF |[POINTS OUTSIDE MAXIMUM / 52
| ALLOWAHLE ERROR \ S
3 #-CONTINUITY INGEFINITE [113.1%) . ‘_‘_'/ ire A
‘ '_‘"“7‘/-- F
‘ ol / ///- 7
. g
p | sy, ////,/ //
E s we A
. - L /./ '
4 é b . . ? ok o '
= / A
2 il
= o e J i
[ o 'k e
5 e Al |
2 Al
3 b ikl I
f g ; s x
a s p : |
2 o Zaler
E 7 e S
E 7 2 3 e S | |
i % // e FEB. 28- JUNE 6, 1942
# rd
/ - (60 POINTS)
il s
=I5 — i i MOVEMENT OF TROUGHS AND RIDGES
o
Sl FULL WEEK
P ;, F .
ke . TREND CHART Fig.20
“““20 -8 -10 -5 0 5 5 T8 20 25 20 35

1
FORECAST MOVEMENT (CM.)




MMMMMMM AJLE
SSSSSSSSSSS ouTsipe 2 mBs
||||||||||||||||||||
A
| 4
; SRk A
- . , .
7/ ¢
_ e
o 4 [
7 ph i &
P
;/ FEB. 28~ JUNE 6, 1942
o
Vi // " (64 POINTS)
ol MO JDEEPENING AND FILLING OF TROUGHS
/ AND RIDGES - HALF WEEK
TREND CHART

—— -

Jan. 13- 17, 1943




TREND MAP

(half week)

Jan.i6-20, 1943
Made Jan. 18,1943

MEAN 10,000 FT. PRESSURE

(Observed)

! Jan. 20-24,1943




JHID

Wl!
/86N Z1E60N
AHVHE TWHANID WVOM

00 86€8 €

en,

105 90

NE

~




	cover to page 7
	pages_8-21
	pages 22-40
	pages 41-45_with_app._figures

