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E¥FIRICAL STULIRS OF THE MOTION OF LONG WAVES IN THR WESTERLIES

Philip F. Clapp

I« Introduction

Among the basio tools used by the ixtended Forecast Seotion
of the United States Weather Bureau are five-day mean charts of pressure
et 10,000 feet, representing the aversa;e of 10 twioce-daily synoptie
charts. These oharts are at progénv proparod three tises a week so
that some overlap oocurs. An extensive discussion of the importance
- and practical use of mean 10,000 foot charts in 16ng’~rmg¢ i‘are’anting
is contained in pmi;e&a reports of the Extended Forecast Soction(l) .
Here it is sui'ficient to point out that those charts generally re-
veal fairly simple, quasi-sinusoldal pressure waves, as distinct
from the more complex p@ttorna gonerally found on daily synoptic oharts..
-Thess waves move, on the average, along Jatitude circles from west to
easts Sinoe it is one of the objectives in the forocasting proocedure
té construct prognostic mean pressure patterns for periods a half week
(3 or i days) or & week in advance of the latest availa ble mean charts,
it ie obvious that one of the basic problems iz to forecast the west-
to=east motion of the: mean troughs and ridges making up the presesure
waves. This report deals with certain statistical studies of methods
of forecasting trough displacement originally suggested by thg theoreti~

cal work of Ce=G, Roelbym'z’). ; f

Il. GStatistloal Studies of the Rossby Formula Assuming Constant Velooity

As Tormula for Trogﬁh Duplabmnt-

Rossby's well=known formula for the motion of long waves in the westerlies

iss
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dhepe C is the instestensous weetetoesast cpsed ol Lthe wave, U te

the Corlelis pmrazwter with lstitude, and i 1s thw wavelengthe

This formule nes been used in jractice for s musber of years,
but it has besn enly rewm]@' that enough data has been M
to cheok the formula Ly statistical mounse ltowever, a pmlmrg
sheok by Jo demise {unpublirhed) revesled essentially the esms re=
sults as the wore extensive work to Le desoribed belewe ihe present
study 1s Lessd on approximately 5 ysars of Seiay mesn m,w(} nm
charte.

refore we oan use the atove ‘ormuls to obtain an estimete of
trough displacement, it is necvsssry to make eertein assumptions re=
(ardin; the terms, U, U, 6nd Le In the over~simplified theoretical
modol used .y vossuy in ceriving ﬂzo formule, the pressure nm are
sgsumed Lo Lo glhwsoldal, and L and U are sssuwd everywhere constante
in pruetios, it is sot only difficult to decide what to use for L, due
to the nonwsimiscidal smvure oF ouserved jressure waves, tut having
deoided, it is then Jound thut both L and rvar; w&%l;f frow place=to=
place and from tizmpetostines 1t is thorefore mecesanry. o adopt &
more or lese sriitrary deflultion for i and U to outain best regults,
ihe definitions uged in this study are Qwiﬁ«&.iom of those guge
gostod vy Y, vaxlertt,

First 3t le necessary to seleot a certain latitude circle along
wisioh the cisplacemente of the moun pressure troughs sre 1o be mes=
sureds In the first part of this pbudy, the fixed latitude chogen
18 45%4, The dleplecenents mey then be couvoniestly expressed in
de;rees o lou;itude at the ohosen latitude oircie.
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A tro.gh or ridgs lwe i defined an & live drawn through the
ninlwon or mamimum latitude points of the Jsobars in the treughs
or ridges. The advantage of this defirition over ome invelving
maximas ourveature polnts is meinly one of precties) simplieity,
and hes Leen disounsed wore fully me}* The porition of &
trough er ridge on the chosen latitude eircle {n simply the lengie
tude of the point where the trough or ridpe line iniersests the
latitude eircles iho wavelength is twice the #ifference in longle
tuie Letwesn & given trough and the ridge to ite west.

The definition of U, the mversgs somal velesity, we orizloally
taken ac the moan wost=towsast peoetrophic wisnd between trough end
ridge and in the letitude soms extending 5 cegress te the north awd
south of the chosen latitude -ireles Ilater, az will be explained be-
low, it was feund more satisfuctary (o use & value of v sovering the
sotive rac;e of longitudes included ip the svailables date, or frum
avout 130%¢ to 30%i,

in substitutiog the sceesutelned velues of U wod L in formls
(1) sn estimete of the instuntanecus spesd of the trough is obtaimed.
To obtain the displacessnt over & given time interval, it i» meces~
sary to make sone sszumption regarding the warisation of apesd with
timee The most obwious assumption Ls that the speed of the treugh
will ressin oonstants The setimated displacemsnt is ten ;iven by
the simple formuie:

(8) § = oY

Whefe & t¢ the displecement, sxpressed in degress of longls

tude at the chosen latitude oirele, ¢ the spsed in degroes of

longitude per woek obtaimed from farmuls (1), snd T 35 the time
interval, ususlly a helfwweek, (3 or L days) or s wesks
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Bse Statistical Treatment eand Uivision of lata

defore cimoussing the results of applying this method, it is de~
siravle to make & fow general remarks coangeraing the vature of the a~
vallable data and the statistioanl methods employeds

The method of comparing estimated displacement with cbaerved dis~
placement is by means of the well~known simple correlation cosfficient,
refarence to which may be found in any stunderd textbook on statistios.
Uther equally olementary statistical techniques, such as determimstion
of linsar regression squations, are used throughout the reports The
prinoipal objective of the study is to find the general order of mmg=
nitude of such coefflelents, but from time~to~time comparison is mde
betwoen one coefilcieat and enother. In making such wmptrhm,- ne
attempt is mede to ude statistical tests of significance.

The dats counsist of 2~1/2 to 3 years of S=day mesn 10,000 foot
oharte, coverin the period from January 1841 to April, 133« These
wore f{irst divided acoording to meascn, the sitancard seasonal divisions
being used (Lecember, Janumry, and Februsry, for example)e The troughs
selected for the tests were taken within the range of avallable data,
from about 130° to 30° west longitude, and, for the present study, at
h5° north latitude. Ceses of umoertain continuity were first elicinated.
As explained in & previous publioation(s) these constitute up to 104 of
the avallable coesess The remeining deta for each season were then di=
vided in mccordance with osrtain oriteria suggested in the earlier ectwdy
of Jo Namiss, mentioned above.

It was found as & result of thet study that one of the mest im-
portant osuses for the failure ef formula(2) is the development of

new troughs or the disappearance of old ones during the time imterval
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covered by the foreocasts 7This is evident when we realize that sueh ce-
currences in the visinity of the trough we wish to extrapolate gomtitutc
& pajor violation ¥ many of the Mwu;r’aim upon which fmuh( i) ia da~
rived, TFurtherzore, ihe; cause sudden changes in wavelength wiieh in
turn result in chan;ing the apeed of the troughs. Thus it is desireabls to
-elimdrate such cases when testing the Hossby formula. Howaver, besauss of
the spmoial limitetion of the date end because of the faot that only twe
or Lhree mean zaps ave coustructed & wesk, it is necessary to adept an
arbitrary defirition of trough development or disappearancee AL onse is
defired s ono in wWich a trough develops or disappesrs dwring the week
if on the chart a hall week later than the current owe there is evidense
that such an cvent caused s sudden modificatien of the wavelength as mee-
gured betwesen the trough concerned and the ridge to the weat, Cuses of
the appearance or disappesyence of troughs on the chart a full week in
advanuce, but not on the half wesk chart, are not considered, ng it ie
asmumed that the ocourrence took place too late to grestly sffest the
motion of the troughs

Another suggestion arising frem the preliminary study is that those
computations which work best are mede well within the main Lelt of the
weeteriios, as implied in 4he derivation of formula(l)s The defizitien
of westerly flew used in this study is not eatirely satisfastory, as it
eould oot be made rigide loweswer, it is conesrned with the amplitude
of the proessure waves xué the préum or absenos of olosed csnters at
1&5'2!. as well as other factorse As will be shown later, cases classed as
"not in the westerlies" astually give better results than the ethers,
and o were nc longer considered as & separate groupe Therefore, the de~
finition uged will not be dizcussed furthew.

The division of the data in sosordanse with the sbove criteris is
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shown in the fellowing table:
hf&ﬁw 1‘

idriston of ‘ate ('ipures wre nunber of cuses)

Troughs Troughs
develop or mot in

‘ 4 ar . Testerliieos Uther Total
[T ELeF !% 1 ;)
Tory ‘ [ ' i
T&LL ¢ i
Totals n 55 17 | 283

Co  Hesults of Statistlesl Testss

ihe lirst weest of .*.‘mh&é’) wag made using & velue of the
ptrength of the wegterlios betweon the trpugh and the ridge to the wesss
The extrapolations wers ande Tor o half week and s full week iniadvenos.
the corrslacions are shown in Table ¢ The ecolvwn headings show tw tyye .
of data ueed, the eame division of dete being used s+ in Zable 1. Thus,
Colums 1 of Table @ refers to those troughs which ars within the mals
belt of westerlies snd inm the vielnity of widch no troughs developed or
disappeareds Ibe number of ouces vesd in each correlation is slee Lo~

dicateds
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TARLE 2,
Corvelations for Hoties at 45 375, Rossby irough Formula, Using
Iroughetowiidge “avelength snd Kesterlies

i 2 3 L o é 7 B

Fudd ¥ lalf-ioek Pull m ] Fudd

In ek in [~
wepter= wisters '

lien lies tevelep
ne now uo Dew fot in nentror

devalop=| lLumber | develop=~| iumber | westere | Numbey| disepe by
ment | iaire ment | Fmirs - lden Palrs || poureces | Falrs

#intey o 57 ol 35 26 A9 1§ ¢+
6

spring]  o38 35 He | 38 o7 20 || w7

(Euomarr|  #27 2 29 5 ot i2 &7 7

Fall | %] 35 «5e 37 o3 é «18 5

The correlations im Colwmn 1 of Table R sug.est thai there is a definite
relationship, especially in winter, betweean the obesrved displacenents fer
& full week in Mm and those oemputeds: by the Rossby foremlae Tha
correlatiens are not remariably high, but tids may be in pars due to the
insdequate nature of the datme fhus, while the loaation of troughs snd ridgoes
at the veglaning of the weokly intarval is fairly definite, tils is not true
at the end of the wesk, s they are them often well out in the Atlaatle,
whore, until the latter half of IR, data were very scarde., Thls unsvoide
able diffieulty resulte in poor definition of the finmal trough pesitions end,
therefore, & poor catimate of chasrved treugh displuosments

Anothery #vetor which mey ssoount for the lew corvelations is thw length
of time coversd by the extrapoletions Thus, sinoe formula (1) enly gives ue
st best the inmetantaneous velocity of the troughs, it is met ¢ fair test of

1ts walidity o extrapolats ovear too great an iuterval of time, aiuee there may
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o sipnificant changes im velecity dwring that time. Thersfore, if the
sxtrapolation covers a shorter time interval, we should sxpeet to find
highor correlutionss (o lsst this conslusion extrapolations were made
for a balf week {3 or L daye) im advanowe 7The resulting correistions are
shown in column % of Table 24 7hese cerrelations were made waing eew
sentially the same onses ac for the full week intervales lwwever, there
are & fow additicual cusss Cue to greater emse in determining esntimuitys
It will tw nobed that Tor all semsoms the Sorrelaticns are higher for the
balf week extrapolations, as we should expect,

Colwsn 5 showe the correlations for thoss ceses wiich were sot in
the mein belt of the westeriles, Wt for which there was no new trough
develepuents Lxespt for the winter season, thess cosfficients are son~
siderably higher than thoss in column le The reaszon for this rether sure
prising result sight possibly be feund in the insdequate definition of
the wonterliss, out ihe nost probeble ewplaomtion is that tre.ghs end
ridges of larges smplitudes(which are clasced as not in the mein bale of
the weaterlice) wre Letier defined than the otherse Yrom the stande
poimt of continulty, the sdventage of this better definltion is privabdly
snough to countersot the mors limited epplieability of farmulas (1)

Column 7 chows the results of those cases where naw troughs formed
or old ones Clsmppesred Juring the intervel of & weeke Az wo sho:ld exe
pest, ilose correlations are lew or cven mm stives, Dowever, it sheuld
bs pointed out that this rosult is somewhat inconolusive becsuts of the
extremely emall mmber of ocusese ‘

To an sttenpt to £ind a core reprosentative value of the sonal
westerites (U) than that civen by the mean geortrophioc wind between
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trough snd ridge, o fow other definiticns were trisds Une of these

was & valus of the geostrophic wind taken between LO° and 50%H, and
sovering the entire razie of longftudes fuoluded in the duta rather then
the more limited ranges ‘uch a walue of the moan sonsdl westerlies is
known ws the 10,000 feot index (Iy)s The eorrelstious cbtained using
this definition of the westerlies are shown in Table 3, inly the ceses

for whish thee wag no new trough developewnt ave shown,

TABIE 3, . TANE L.
Correlstlons for fullwweak end Jalfe Correlations for fullwwwek and
woek sovement at h&"’z&g Fosshy trouih  palfewsek wovement st L5%H, wsing
forsulsm, using total Iz and T to R surrent wavelensth slone, and
wavelength, and eliminating ceses of  o1iyvating cases of new treugh

now trough developmente development.

Fuliwfigek || infecoek - Tullwivek || Yaifeneok
inter |  «66 | 37 Wi 36 ;;m wolly | 52 |l =a7TL | 36
‘&prtn‘ olii | 35 51 35 B pring =il | Sl || w6 | 95
Evmmar | o33 | 29 I Bummor | ~u38 | 35 || «u33 |29
Fm A2 |35 o3| 35 [gm web) | L0 l-».ss 3%

Tt will be noted Ly comparing thwse correlations with thoss in colusue
1 and 3 of Table ® that they ase larger in every ease, suppesting that the
tota) zonal westerlios are more representative then the reathsr lisited
values obtained Letwesn trough and ridge.

The linear regressicn squations betwesn eoserved snd sceputed full
woek displacement correspondi g to the cases just disoussed are shown in
Table 5, In this tabls 5' is the sstizate of the observed sotion and
& uthhym of the Hossby forwmlas 3otk are sxpressed in

degrees of longitude at L5%,
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TABIE Se

Regression Sguations of Ubserved on Computed Fulleweek lisplocsaent
at 45%%, josely Trough Forsmls, Using Total Iy aad Treugh ve Ridge
Ffavelength, and Dlimineting Cases of Hew Trough Levelopment

H#intey T/ 0w YeTH ¢ 0156 ¢
Gedll €

#*

Lpring £ w 1Telhy

9483 <+ Del¥P &

Fald 87 w 18425 ¢ 0 E

These oquations are currently used in the Istended "orecast Soetien
in esbtaining eatimated of displacemsnt Ly means of the Tossty formilae

A point of censideravle interest Sm regard to¢ these equations e that
they by no msene incioate & oneetowone rolationship betweon cbserved amd
computed displacement, in spite of the feol that the correlations imdisate
that the thaory hes a fair degroe of validiiye 7Thus, im the case of the
equation sor winter, it will e noted that en the average the Rossby formula
indicates u m‘a;agmnon (wostwsrd motion) of almost 100 dogress when the
ouserved sotion iz serce iuraing to squation (1) vwe ses that thie mupt mean
that U is on the avorege too small in compariscs to .%’f,.‘ Howsver,
due to the normal fusroese of the westerites with height, one cen presweably
find & level such thet the valus of U will be large eucighe This level at
whieh the Jossiy formuls is sstisfled i koown as the lovel of non=divergecow,
for the formuls wa derived on the ssswaption of no divergence in the westerly
Tiow, Swo yours a;o Nusise attempted te find this level of nonedivergence
by oouputing the T necessary to meks the Hossby formula fit the cbserved
results, and locating ilw lewel of this somal velocity through the cbeerved
dtatribution of U with elewation Hie regults (unpublished) showed that
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most of the ting the lavel of nonwdivergence liss Letwesn 1 and & im,
although the sestter i ;reat and nuserouws caser of levels above and

below this interval are found, It 4s not the purpose of this report e

50 into detsil conesrning the theory involved in the condept of the level
ol nomedivergence. Those interested may corsult a recent publisation deale
ing with that mhj&erﬁ{w « tevertheless, it le sugpented hove that the
roasan for the leck of & one=toeone relatioushiip Letween sbeorved amd W
puted dlsplacenouts is leveuce of the fact that the 10,000 feot level lies
on the average velow the level of nonedivergenos.

De Ceneral Conclusione

It way be helpiul to summerise the p-inciple conclusions of Fart X,
They sre as follows:

1s 4 fairly ;ood rolatiouship 1s inciosted Letwesn observed displace~

monts, &8 far ne a wesk in advance, and those camputed from the Nosshy
formuls {assuming constent veloeity), Mﬂm that cases of trough forwma~
tion amd diseppearance sre eliminated.

2+ Computations for shorter intervila of time show even better core
relations, thue further establishing the valldity of the formulas

3¢ ibe total 10,000 foot index is & more represestative valus %o
use for tho speed of the westerliss than a leoal index taken Letwwen trough
and ridge.

lis The regression equations indicate timi the 10,000 foot lovel ey
hﬁ, o the sveraye, below ths level of noneCiverzonow.
1Je Empibiesl “tudy of ireugh Iisplecessnts |

imvin: oospleted the statistical study deseribed atove, it war thoupht

deeirable to attempt to (ind & purely smpirieal formula for trough Jdisplacee
ment besed ou the varistles widch were lmtlceted by the thesretiosl studies
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a8 being most importants Uecides the variables, i?m Ly anothey veriable
was added, the amplitude (A) of the pressure waves,

Thus, it is sssusad that the displacement (5) oan be exprossed as
fumetion of these thres wariables, or:

(3 ¢ @ P (U, Ly A)

The provlem, then, is to determite this functional relaticnship by
means of the data alomss Unfortumtsly, in metecrological studiss uniike
oxperisental serodynamics, it is not possidle to hold all but eme of e
varisbles osnstant and study the effect of the remmining ones levertholess,
thers 410 two statistion] methods whioh can be used o obtain the dosired
funstiomal relationship, if any, provided a sufficlent smeunt of data ™
availadlis These are the methed of graphical corvelation, and the more
o jective, but olosely related, method of ourve fitting by least sguares,

It 1» not the Wufthunwtmhmntbuuaﬂauﬁ-nn of sueh
methodss Tetails may be found in mest standard statistical textbeokse'’)
Howewer, it must be emphasised again that for conclusive rosults by either of
these two methods, & large ameunt of data must Lo awailable, and this was hardly
true in the case of the present study, s oan be seen fram Table 1.

Mmﬁu. both Mhodc indicate the soms results, nmwly, that
the only important variable related to the displacement is the wavelength,
and in the case of the least squares method the first power of the weave~
Jength is the lmportant fustors No other combinstion of the three variables
seoms to produce significantly betiew results.

Zurprisingly enouch, this appears t o suggest that the sonal velosity
U, which enters Hossby's fermula, is mot an important variable. However,
1t should be stated tint in atudying the probles by means of graphiesl
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correlation methods, it was found that on eliminating certain questionable
data, i;boem important(s). Furthermore, the trough to ridge wvalue of

U wes used in this particular study, and was probably somewhet unrepre~
sentative, as indiocated previously. Therefore, these results cannot de
interpreted to mean that v is not important in determining trough dis=-
placement.

The correlations of observed displacement with wavelength are shown in
Table Li{page 9)s The correlations show a negative relationship, as is to
be expected from the Roasby formulae.

These correlations were made using essentially the seame date as in
the case of the Rossby formula (Table 3, page 9)s The greater number of
cases for a fullw-week (Taile L) is dus to the fact that cases classed as
not in the westerlies were included,

In comparinm; tables 3 and L, it is interesting to note that, while
correlations for a full week using wavelsngth alone average slightly higher
than the corresponding ones for the Rossby formula, the half week ocorrela~
tions average slightly lower. Furthermore, unlike the omse of the Robsby

formmla there dces not seem to be a systematic deorease in tho correlatians

with time.

IXI. Statistical Study of the Rossby Formula Assuming Changing Veloodty

Ae Formuls for Trough Displacemsnt.

It is now of interest to consider a slightly different approach te the

the differsnces in the oorrelations of Tables 3 end L, snd may also help

to explain other observed peouliarities of trough behavior.
It will be remsmbered that one of the agsumptions made in regard te

the use of the Rossby formula in Part I of this report was that the speed
of the troughs remmins constant during the periocd covered by the smtrapolations
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However, the behavior of individual troughs at 10,000 feet as shown

on observed mean five-day 10,000 foot charts, reveals t&t troughe
seldom move with eonstant velooity, tut rather mey mowe ecsstward for
tiree or four days or perhaps even a week, snd then come to & step or
perhape retrogrades, It is partionlarly true in the susmer season that
troughs move in en apparently irregular fashion, with rapid shanges

in beth spsed and direetion of motions Even in the winter season, whem
the simple assumption of censtant velooity seems more justified, troughe
do not contimue to move in the sams direstion for very long perieds

of times It seems desirable, then, to develop scme method to mocoumt
for the changing velocity of the troughs.

Aoserding to formuls (1) the velocity of & trough may change either
beocause of a change in speed of ths westerlies (U) or becauss of a
change in wavelength (L)« It is obvicus from a study of obeerved charts
that such changes actually ooeur, but in order te make uze of them ia
obtaining & Letter sstimabe of daplacement, it is neoessary to show
that they can be expressed us a systemmtio fumetion of time. At present,
there is no known theory to aeocunt for a systematic ohange in the speed
of the muﬁrlin, but there is & vary simple scheme to agcount for
& systematic change in wavelengthe In fact, this schems follows
directly from the theory of trough formatiome According te ldeas ex-
pivsed by Hossby and sthers, troughs in the westerlies form when an
approximately west~to~sast current of air strilme a region where there
is a pronounced meridicnal concentration of solenoids. Sueh a reglon is
to be found off the east coast of Asia and tends to remain fixed for
long perieds of times The alr current sequires voreieity on passing
through this region and a wave=train is set up to leeward which, in

s completely balanced state, will have & stationary wavelength (Ls )
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civen by formade (1), where C s set squsl t0 sere. let us suppose,
however, that at some initisl ‘momentt the wuveetrain is oot coome
pletely bmlenced, but hae & wavelength shorter than the etationery
woevelengih (see 'igs 1je A1) the troughs except the ona fixed by
tw solensid field will than start to move eestward with a velooity
civen by formula (1)e

Fige 1

Fixed region of
Solenojds

/ P - \\ // - \\
e AN .
W/ N ‘ N ,
L Vi \ ’ N X
?;'% / \/ s/
; e
~ 7
\.—af

"-4——--—--——_ MLo - —— J
i mLs -

lot us now conslder the partioular trough which, at the initia}
unoment, is sepsraied from tiw solenvid fisld by » whole wevelengtie,.
in otler words,its diwtunes from the solenoid field ie:

(L) %% al

where X, ie the ecordiuete of the trough line oo the eastewest axis,
B is the nuaber of whole wavelomgths betwssn trough and solenodd
fiedd, and L, 1a the wavelength of the wavewtrain at the indtial
moments e will apsusw that as this Srough moves esstwerd thers
will be no changs in the spsed of the westeriies, and there will

be no formetion of new treuchs or disappesrance of old enes.
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In this ouse, it ie obvious that sinoe the field of selenvids ree
malne fized, the wavelength mmst inerease as the trough moves sasbe
ward, and thereiuvre the speed of the trough muat decrsese in sew
gordance with foramla (1)e The trou;h will seutisue to move saste
ward, homever, until the wavelength ls squal to the statienary waves
lemgth (L) at whivh time the distance of the tre.gh frem the solee
pold sld will e

(9) X v B
The total displacemsut of the trough will then bes
{6) Sg* nlge nlye u(ly« Iy}

Tais very simple anc obvious formuls states thet the trough eannet
g0 on soving imdefinitely, but can only wove & muxisum distanse
given by formula (€&)e Furtheramore, it is olear that this f ormule
does =ot depend Lo any partieclar theory of trough motion but dee
ponds merely on «he sseumption that there iz some stationary wavelmgth
at wiiek the wave=traln will be completely balanced, It is inberesting
to poinmt out, in connsotion with fersuls (o) that Af » and ly do not
vary greatly fram ono cese to the next, them the displecement will
be & linszar, negetive lfunetion of the wavelenyth, as suggested by the
results of “art lie

Howover, v sre interestad in koowing what the displacemsnt will
be for any ;Jven tims interval te Iun arder to obtain a formule for
displacesent wi a funstion of time, it iz Deosssary to adopt seww
theory of wave motions Sfuch & theory is expres:ed in formuls (1).
nefore we use formula (1) in this osnmeotien, it is nesessary te point
out that, in 20 dolng, we are violating one of the sssumptions ine
volved in ite derivations This is the essumption thmt there will de
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ne shange ia shape of the wuve perturtations, and the wavesz we are oconsidere
ing definitely change their shape ss the wavelongth changess lowewer, we
will sssume ihat changes in wavelength are se alu} thet thay will net oene
stitute a seriocus violation of this assumption,

Considering a piven traugh at any time after the initial mewent,

we have,then:

(N x = nal .
(8) t » %n 5'*%

fubstituting (7) 3n (8) we get

) *"i"“"ﬁ
a4t

11 we aesume that ¥ and n sre cozstant, we can integrate the above equation,
and after comelderation of the initial conditioms, we ottgin the fellowing
sguation m the displacessnt as & funotion of time:

(10) P nllgely) (e Yy o Bl
: it m
(larlgy o .}
(o)

where &ll the terms huve beon defined previocusly.

It will e realized, of oourse, that n and Iy will vary fras ome ine
dividusl sese to the mexte In feot, ae will be shows later, n does not even
have to e a whole number, besause ridges ss wll as troughe way form the
Tixed point of the wave=train,

Be Qualitative Verifiocation of Uisplasement ormula

For the purpose of th: following statistieml discugseion, it may be

pointed out that under certain speeisl cenditions given Lalow, the dis=

placensnt ebteisned from farmula (10) will be & linesr, negative fumetion
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of waveleugth Tor eny glven time intervale

Firet, it 1 osoesary that the term (le = lo) e -»?3@ be emall in
oomparison to undtye JThis will be true m::{m*ob::z{nd wivslongth is eloas
to the stationar; wavolength ead for fairly largs intervals of time, Within
the rean;e of wavelengths sotually cbeerved on menn meps, end for tise intepe
vals of & halfewssk or more, the siove term is generally quitse small 1n come
parisen to unity, Wt its emizeion may, in specisl cases, iatroduee errors
up to LOie Hevertheloss, it wil) ve sssumed in the diecussion which felloww
thit dn the first ap reximation it may be safely meglocted.

tiext, we way waks the same appreximations as in the oase of the simple
formala (G, and szsume that o and Ly do not vary greetly from swe indivie
dual oaze to the mxte VUnder these circumetances, the digplacement will be
& linear funotion of wevelsngth for any given time interval,

it may Vo pointed out that, for the purpose of statistiosl analyeis,
it 1e not nedossary that m and Ly Peesdnioonstents Ae lomg we the frequendgy
cistributions of n and Ly for a Jurge suebor of cases correspond te the idesl
*"noraal” mwawma. end a8 lomg ae thess two varisiles are not rolated
funotionally to the varisble Ly, twhen the regressien of displecsusnt on
wevelength will still Le linvar, and e will be discussed JAter, wo uay dee
teruine the sverage val ea of u and Ly from thess regressiom equations.

It is now desireble o eaphasise & fow of the groperties of a

family of lines of the form

=it
(11) £ m a(lge Ly (1 =0 )

“here averoge velues are wed for n amd Iye In Figure R, the lines have
been drawn assusing n and b equal 19 undty, end iy equal to 100 The
figures insefted iu the lines indieate the corresponding valus of time (%o
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Some of the ocbwicus prepertics of these lines are Limt they sl) have the
senm intersept on the x axis, vhers the wavelength is squal 1o the sta-
t1onery wavelength, Furthermore, dus to the exponentisl charaeter of
the funotion, the displecemesnt sorresponding to a given wvelsugth

will net double whem the time interval is doubled,

It is mow Anteresting te compere thees theoretiesl lioes gualitatives
ly with the observed linear regressions of displacement on weweldugth
for a nelf weex ani & full week (Fig, 3)e ihese rogression liucs were
ocomputed using the sae detes a9 for the correlations iu lime 1 of Table
Le it w11 be noted thet qualitativedy the observed tehavior of troughs
seoms o agree with the thesretioal bebavicr Allustrated Ly Fige e
%he two vesression lires have mearly the game interoept on the x axis
{within 2 degrees longitude;, and the displacesent for e full week fop
& Aven wavelength s not twlos the displascesment for & half weeke The
correspanding regression curves for the other thros sefsens show ap~
proximatsly the same resultse lowswver, acrrespondiing te the low cape
pelation ér the sumaer coason, there it a rather lurge disovepansy
of aine deyress in the intercepts on the x axise ke same statistieal
trestment was appliad to two other latitude eiroiss, showing essentiale
iy the senm results,

a

Co lotermiumtion of Constants in lisplscement *armuls

It mint now e supposed that tids theory of trou h m;alm
eaAn v tested quantatively by sluply substituting the proper values of
3 and ly from the Hosmby formule inte formula (11) snd sssiguing seme
arbitrary valus to ne More will be said sbout the problem of the
quantstitive verification of the theory, tut it must be pointed out
here that it esunot be done in the simple menner outlined above.
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Bot only is it not poseivle to determine the sverags wlie of B

An this way, tut 1t will be remesbored from Part Y of thie report
that, w:ile the lossty formuls eoems to Le of the correst farm, it
does not ;ive results of the oorreet mepnitude. Therefore, it is
eosssnry to determine the three coustants n, I, and B fremithe
regreesion ourves thammelvos. Furthersors, sinee thesre sre three
unknown constunte, #idle onl; twe can be debermized fram each regres-
sion curve, it is Mwovesary to sl we of both curves «s«m
theme It is sleo obwious thet, in order to get a unique selution
for the constauts, $t is recessary that bobh curves pass through the
seme point on the x exis. &;&amfm, the fullwwwek regression,

as being sssunmed the most unreliable of the two, has been wrbitrarily
adjurted Ly ehifting it parallel to iteelf along the y axis uatil

it passse through the point repressuting tbe = intereept of the halfw
week curves This s Lllustrsted iy the dotted line in Tipure 3, and
1t will Yo oothd how somil an edjurtuent le mooesarye The final
arithmetionl process of detersinin, the constants, given fermuls (11)
end the two rwiression eqmtim\ for & halfewsek and o full=welk,

is perfsutly straightforward although somewbat tedious, and will
not be disoussed here. The eonstents for all seasons of the year
are shows in Teble &e
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TASLE

Constants in Uisplacsewrt Femmula (Formula 11) Chtained From
Two fegression Curves

lat, L5
n B T’ L] VE i'
ﬁim oi2 15 & 28
Bpring o9 2.1 i 100
fummes ji.l ¢5§ 10? §§
¥al} 1 95 1.l 81

The velues of n arc shown in Celumn 1. Thay average alose to
/2 for winter ant spring. 7his result cun probably be expleiued bty
the effest of the sexi=ermenent pressure ridge found over the Heaky
Hountain srems Thus in deriviag fermuiae (&) and (10) it was assumed
that & trough ic tiw fixed point of tie wave train, and that there~
fore in an individual ense n i» always & whole muber. lowsver, thew
are swversl regiors in the atmosphere vho& ridges, rather than troughs,
tond to remain {ixed for long pericds of times Such & region is the
Hocky sountain Aren of the horth Amerienn cmtinents Here, eregrephie
Anfhiences, as well as v lercidal flelds ereatsd Ly di fferential heate
ing, tend to the eztablisiwment of a semiepormenent ridgse Therefere
it is clesr that for the wlk of the troughs considered in this study,
initielly located fn the reglion emst of the meuntain area, n will e
olose to 1/2 under cirsumstences leading w0 & semi~permaawnt ridee
over the platesu., Thus it is provebly the Hueky ieuntein ridge wideh
s responsitle for the aversge value of m being dlese to /2.



it s mot o easy to explain the larger veluss of n for the swseer
and fall seasonse Aotually, therc is every rescon to think that these
values should be smaller, if anythings It was pointed out before timt
sotions of troughe seem to be m Lrrepular An the warnsr season thu‘
in the solder, Uhen wo roalise that the motion will mere nearly ep-
proximate motion at censtant velocity the lerger the values of u, then
we should sxpect n to be 'krw during the winter sessons % must thes
sone lude that the Jarge values 4n somser axd fall my be fistitiouvs.
The possible resson fer fictitiously large walies mey be dus to the
poorer determination of contimity for the illelefined troughs and
ridges of summer and early fulle

in codumn 2 of tuble & are listed the values of Be This oomstant
is wot of such immediate interest as it's reciprooal, listed in column
8, 1The reeiprocal of 3 iz & measure of the"effective”™ length of time
OORBARTy to ocunplete a dlsplacesent. Jbviously, sinse the displace=~
mont reaches its inal valus exponentislly, the time necessary to come
plote s dleplacemsut is thooretioally infinites In such cases, howswver,
1t is customary to chaous a6 » moesure of the effeotive tme, the time
peoessery to complete 2/3 of the Iinml displacemsat, This is knowa
as the timo constante In this osse the time constant (T,) is zivem by
the resiprocal of Be It iz seen to be cloee to half & week fer winter
and spring and somewhat larger for the warmer monthes Thess latter
valuss may agsin bo flotitious due to the poor continuity.

In the last oolumm of tebls 6 is listed the statiomary wavee
lengths obtu ned from the x Antercepts of the half week regres-
sion lioess It will be noted that the spring velw is sMghtly
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larger than thet for winter, whish may be due to the shoriness of the
reooerds The puseer valus is the smllest, a: is te Lo sxpected,

it 40 interesting to vonpere thess wal es of the statiomary wavew
length with some othar savelsngth values sutained frua mesn chartee
Timse are indicated iu Jucle Te

TASLE
ielocted Values of vavelength Chtailxed From lesn 10,000 Feot Churése

p—
Lg by | Yo

Hisnter g6 | M0 | &3
Speing 100 o0 ¥
Sumuer ¥ ] e &
rald [+ § ol 76

In the first solumn sre feund tiw stationa ry wevelengths edtain~
od from the ropreseion curves as listed in Zadle & The sesend colwmn
containg the mormal wuvelengths (im) obtained frem novwsal mouthly pree=
sure charts at 10,00 fest (7). ihase values are cotained by taking
twies the cifference in longitude betwesn the trough amd ridge to its
wat, on the normml chards. There s 1o yoason te think dwt these
norml wavelangths, which represent stationary conditions, sheuld differ
mterislly from the stationary wavelsngths chtained frem the regression
ourvess The slight differeness indisated in Table 7 can prodatly be
soocunted for by the small amount of date fros whldh ly was oomputed,
More speeifically, if we assume tiat the siationary wavelsngth is a
direct funetion of the somml velooity, as is indicoted by the Homsly
formula, then the somewiat sseller valuss in codwsn 1 wight bLs woscumted
for by lowsr than normal values of the zemal veloocitiess The dsta i
Sloates that the strength of the wsterliss were astually belov nereal



um‘”

for our sm:mpls of data, particulerly during the sumwr ssasocne

The lsst column of table 7 shows the average wavelength (i) obtaimed
by simply evera;ing the individusl wavelengths for the 8»)/2 yeurs of
dathe Theze valuss are all considerablf, smmller than elither s * ln,
a5 we should expeot, for t}is soacunts for th cuserved sversgs sastward
digplacommnt of the mean treughe.

De Empiricel lisylacemeat Formmise
ist we now retarn to tle conetants in Table Gs 17 we aspume tiat

these rojresent good [iret wpproximeticns tc ths coustants in the complete
formula ror displacemnt {formula 10), whern we my substitute them in
that fermula and obvtain » fimel wuupl;m sxpressios for diyplaceuent, Ihe
final diaplecommt fomuls for the winter seeson 35 inclosted grapbloally
in Figure Le lumbers inserted in the ourves of Figure L rejresent the time
interval in dayee However in the formmla itself, alse slwwn in the (igwre,
the festor ¢ 48 the tims interval in weeke, Thue ths displscensut for
twe days 16 cutainsd by substituting /7 for te This set of curves aa
well an simllar omep for the other somsons and fer latitudes ¥5°K and
55°5, are ourrently used im the Ixtended Foreocart Seotion as an aid im
forecasting wesn trough metionss JSecause of lack of data tle curves far
55°% are based on onl; two seasoms, the warm sesson (April to September)
srd aold sesaon (Uotober te Yarehje

in view of the possible wefultess of such fomules Lo others, the
acnstamte in formula (10) for latitudes 35°K and 55°K ere lsted ia
Tatle Go 4lso inclided in the same tatds are the correlations and
aumber of theervatizns upon whish tho corresponéing conatents are based,
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TASLE 8

Conetants in the Fersula for Trough [isplacessnd and
Cther Pertinent ‘atm,for latitudes 35%H and 557

Full week  ialf week  Constents

35° u " | soved| » |fowas || n |8 |1g
Hinter -3 | k7 w3 | T5 |[e28 |22 62
Epring o5l | 68 || w0 | B0 6572436 | W
fummer “edl | 59 -ol9 | T3 ||e83 0429 | 5
Fald welk | 26 || =) | M1 W56 LD | 67

Full week || lalf week | Constante

55 T [tobes| ¥ [jobse |2 | B u
Cold Ceasen i3 |18 || w61 | 26 |32 (5,32 N0}
|arm cousen w6l |28 |l =53 | 36 W7 | #80 Ixx;

In order to cttein the complete formuls for displscemsnt, the

constants ir Tetle U are simply substituted for the eorresponding values
in fomuls (10)¢ It should bs remsabered timt la, as well ss trough dige
plaosssnt (5} wnd current wavelength (Ly) sre always expiwssed in degrees

longttude st the ap;ropriste lstitudes The factor t is the time interw
val in weeks, It i@ of course obvious that the practical usefulress of

the formules i» 1linited by tho magnitude of the correlations upon shieh

they are baseds. This is espeeially true at 35°F and in the mwmer season

st 35%, 4595, snd 55N, It should Le also mted that tis ocurrelsticns
st 555 are based on & small amount of data. kore will Le weld in

the following peragraphs about the use of the displasement formulae in

praciioe.

ndak
t 1

Fa
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Ee Zzample of Apslication of Formules

2 Andividond exer;le of the applisation of the Yall displacecent graph
i 11lustreted in Fijure Se In tids Tigwe the ordinete $» the date correspende
ing o the last day of the Seday pertod, snd the sbeoissa is the longitudimal
pmition of the traighe The osbserved trough positions are indicated b’i dots,
while those ~btalred from the fall dispisossmnt graph, using the obosrved
wavelength for the mricd exiiog Hovsaber 7, are inilcated by orosses.
Tuis onse wae poi included indw dote from whieh the graph was sanputeds
It was chocen hesause it wae & fairly vimple cuse, with n approxiastely egual
to VB, as shown Ly the flmed yosition of the piateau ridge threughout the
porinds The largest diocrepaucy betwsen computed ami cbserved positien
$a i degress, on November 10. The other three points are withis two dpgress

#f the chesrved positions

Fo Hefinomenmt of Uzirepeletien Yermulee

An explained previously, the derivation of the empirieal dlsplessssnt
formulas was basod on the sssumptien that ome can obtain the correst aversge
valuse of B ani Ly and thw ocorreot valie for B even though n and Iy very 4a
fodlvidua) oxsese If this ssmimption is Justifisd, then it Sa olear thet
ons oan inprove the cwtimate of displaceswnt if it s po:eible te rind te
valuor of u and iy fn individual cawses. It was wntloned previcusly timt if
the statl nar; wavelongth (ly) were a direct funetien of the smal velssity,
then val s of tie penal velscity greater timn rormal should be asooepenisd
by grester tlan nomml valuss of ige YThero fors, this will result in wlues of
the diaplaosment greater than thows ebtained fwa the graphes In srdw
test this Ldem the stmticosry wevelength as given by the Eosshy fermuls was
veeds However, it will be remsmbepied tint shesrved values of the 10,000
fook index are toe smll te satisfy the m-uh.‘m will therefore rosuit
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in values of tie stationary wavelosgth whiok s1e alse too mmll. In order to
carreet this soale errer, the lossly etetionery wavelength wey be multtplied
by ths ratic between the dboerved sversge steticvary wevelsmgth (Yalle &) end
thet otained by substituting the norasl valie of U in the Rossby formulee
éhu regulting equation for the etationary wavelsngth for winter 1ss

(38) ‘ by * 53 ley Ly wRNY/P

This formule wer svbstituted fer Ly in the empiriesl fermula for winter
and the resultlug equation used to oosjute the holfweesk cisplasssats Use
Portupately the rosulits were nol za pof ar those cbiadved ueing wavelength
alomee This way heve Leen due te & poor sauple in this purtdicular case,
for more rasont toris mgzest that the zomal wlqaiw 8 inportant as a

(19)‘ An & working ruls it is sssumed

. supplanent to the wavelength praphe
thet greater then nomel wives of the fmel wesberlies will resuls in semee
what gromter dleplacessate then those ebtained from the graphs wiug
 vaveleagth alems

An Aw has sleo been made to deternine valuse of B in individual
casane ‘oneral symepilc expericnes, obtalved by inspsoticn of the eharmcter
ad zotion of mean waves, onn often Lo used %0 tell shich itrough or ridge
is likely to remadn {ixede For oxszple, it i well knows that pronounced
o0ld sroaghs er wra ridges, extending to high levels in the stuwosphere,
o be dejended on to remain fixed fur long pwriods of tines An attempt
bap also besn made to determine m by the relationship between the treuchs
and ridges and te teen solencid fields Letweon ses level amd 10,000 fe.,

but prelizinary results do not seem very promisinge
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Ge wuantitetive Verifiestion of lisplacwment Formuls

It 48 nov Sesirabls to discues further the cuantitative werification
of formada (10)e In deriving the ampirical forsmla for trough displacsnsat
it wae ancumed that 0 the firet ap reximation the relatioaship Yetween dise
Flacsoent end wavelongth way linsars ihils war done in order o sinplify
the statistioal grobleme Uovwwer, it & possille, sithaugh comiderably more
83iTionde, 4o 14 the o Jete formmla (10) te 4w date for s half week iy
e e tind of lusst wquarese “imse in dxdwg so the tam in tle Jdenoninater

is inoluded in the precees of curve Titting, sll three censtants will be obe
tained droetlys (mm sy then use the resulting empirical fomwula o ostain
an estizmis of {io full woek displecements and compare the resulite with
thewe ouserved. Towover, s ourve of the form of equatism (10) can be trested
in this way only with difrioulty, s furthermore, dw to the smallmsss of
the toru iz the dencmdnator, & lerge smeunt of data is nocessary in wém to
ohtain somolueive resuline. Thersfors this mrihod hee mot bemn wsede

Another method 4s 10 use the mepirienl fomulse already derived o
obbtain the Jisplacememt for 8 differsnt lue intervale Tlese hypothetioal
diaplacenent mw them e compared with those chesrveds This wes dove, using
& tlme interval of Wwe duyse. tesause tle construction of man mpe two days
spart was only Legun about the firat of April, 1904, the ssount of Mte 1s
meceszarily linfteds Tim correlation Letwesn cbserved toeday of splacement
and timt cbtained from the empirieal formuls for wirter, together with the

mober of oiservations lss

r = ob7 am 2
Thus the oomrelation wtwom csomputed and cheerved dsplasessnt u about
what we should expsct, and the refere sosms to constitute a setlsfnetery
verifieation of the empiriesl fumulse lHowever, when wo wwmiuve & graph of
ohasrved displacement ylotted ageinst eonputed dlsplecemmt , we see that
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the regzression line runs parallel te v'e line represeuting perfect agrwesent,
but somsehat to ore eide, indicating that in thle omce the observed dipe

placonsnts svere. od suoosvhal preater than the somputed oness This mey
indionte an error in the theory but it may also suggest that durisg the
short eriod covered iy the test the 3 lm index vas much higher thas normmle.
Thie wup sotuslly founi to be the oaso.

in ddsoussing the question of the validity of formula (10) as applied
to trough dieplacesent, it ie appropriacte to mention snother hypothesis
wiieh 4 ol quite & different naturs but which oould peseibly lead to es«
sentially the sime resulise This is a hypothesis based on statistionl
rosaoning alone, snd may be oalled the ®"null” hypothesise it i based on
the known faot that if one selects a sories of rendom walues of & norsally
distributed variate, then the probability that a given value will be followed
by another closer to the average is greater than one=halfe In fwet it ocen
be shown that if the observed chauge from one Walie ¢o the next is eor~
rolated with the departure of the first value from the average, s cosfficient
of 0«7 will be obtaineds This ressoning may be spplied to trough dise
placemsnt i 16 is assumed thet there i scas preferred, or normal, regien
of trough couventrations Troughe to thm west of this pesitlon, fur ewample,
would have 8 probability sreater thas LR of moving eastward, and 41 there
were no relatlon betwesn the positions of a trough en two susosssive maps,
the correlation betwsen deparwure of trough pesition from normel and dis~
placasent from one map % the mxt would be 0471 Due to the osbserved
faot that there is serial corrslation bLetween sucesssive positions ef
troughs the sbove cceflielant would be comowhat less thanm +73e .“ OAR
also oanily be shown that 4T this "null” hypothesis 1is correst the res
gression lives of cbssrved diaplecement on departure Trom murmal, both
for s full week and & half week, will have the sane interoept on the x
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sxis, and the full week regression line will have the greater slepe, Mm .
more, sinoe the ridge over wostern North Amrice alsc tends to conesatrate |
sbout & normal position, the wavelength will be nogatively ocorrelsted with
the depardure of the trough position from normal. This mesans that the ghove
statistionl hypothesis 1s not indepsndsnt of the more physiesl 0ne ex=
pressed 1o formula (10}, whioh mey be oslled the wevelength hypethesise That
im, 1f one hypothesis is correet, them positive results will be obtained
upon adopting the othere Thus 1t might be postulated that this asecounts
for the méaou obteioed on correluting displacenent with wavelength,
The only wey to find out wileh hypothesis is closer to the truth is to
e wiioh one produces the Lest resuits,

4 vomparison of gorrelations cbtaived Ly these twe hypothwses for
approximately the same sot of data is shown in Teble 9.

TABLE

Correlations !'or Summer And Winter feason imsed On Two LifPerent
Sypotheses Uf Trough Tispla

full seek Half Seek
Tavee R g
"Rull” method | lougbh” wmethod || "Full” msthed | length® aethad
r ) [ n 4 ‘ [ r n
uinter | 51 36 | =elly 52 oG 36 | =T} 36
“unmney «17 29 o 38 » 18 2 ~e 3y £9

It will be sees that the correlations for the "wavelength" sethod {otteined
- from Table L) sro higher in all cases.

He Applieation te lmy to ey Trough Displegements

I should e emphosised that the forsulue for ‘Lmak displacems at
prosested aiove apply only to fiveeday mean 10,000 foet obarts. 56 atbempt
has boen zade to find out how they should be medified fogmuhugr
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synoptie aharis.

Uowever, 1t is of intercat to polmt out that the Hossby trowgh formuls
may have more guovsss whan ap,lied to woan charte than when applied to dally
oharts. Thus, 4f we may agsume thet the Pormule is tworeticslly as valid Cor
awen charts me for dally charts, tken it should produce better results Lo~
sause of the much better appreximation to ideal simsoldal waves, |

ftetistionl eviderow apparentl: fuvoring this idea is contained in
ressarch recontly cowpleted at the tessachusetts Institute of Jechnologys
taing different dats, woth ireoks' 'Y and renls(12) found extremely lew
correlations when spplying the Nessby formuls to the 2l=hour motion of daily
troughue

A zemevhat & fferent appromch to daily trowh displecenent wis wade
8t eleTe by lLieutenant Ureig (in an unfinished studyle Instead of using
for a valus of wavelength the distance Letwsen the trough concerned and the
pext trough to the west ho used the distance detween the trough and the
mext trough haviay aporoximately the same dapthe On correlating this value of
the wavelength with the zubseguent &i=~iovr wotion he found considerably higher
ocefficients than those obteinsd &y 2rocks and Yohiles It is possitle that
this resull iz due to the fagt tuat the scleetion ol the wmost prominent
troughe 16 equivalont 10 smoothing e wessure pattoras Ly construcsting

fivewing neouse

le fugmary of Rewults
The principle resulte of this scotion of the report may be summrised

as follows) }

1¢ “tatistice indioate a definite correlation between éisplacenent
and wevelongth, as indicated by tho Rewsby formula, but they also indicate
& syetematio veriation of velecity with times



w 30w

2+ Thess statistioal results agres gualitatively with & thesretiosl
formula for dleplocement based on the Hoseby forsmla (Formula 10),

3. Preliminary questitative sests of the formmls further verify the
thaorye

Lie Although the results of an apyliontion of formula (10) bused on
wavelength elons are not meterially Letter than those ssstming constent
volocity, they may be improved qualitetively by corsideration eof the strength
of the zonal westarliss and other factors.

IVe Conslusiona

The importenes of the rsults sutlined in this report does not lie in
the correlation coefficients of Table L, upon whioh the graphs of trough
displacement depend, for even the largest of theso ccefficisnts ansounts for
enly 507 of the varigbility im treugh éisplscemsnt, The sigaiffeanee of
the results lies iu the apparent veriffoation of the theory, and in the
promise that 17 better methods oan be developed for deteraining stetionary
wavelongths and aress of semiepermanent troughs or ridges in individual
onses, thon correlations such as those in Tables 5 snd 4 w1l Lo meterially
fmproveds fiecosntly e theoretisnl viudy hes been completed in the Extended
Foresast ceotion(d?) » *hich suggeste that amplitude, as woll as sonal weloeity,
is importsnt in detormining the stationary wavelsngthe Prelimioary tests of
this modified theory sugiest that it mey have sexs advants;es over the
Ressby mothod, Lut these ere to dowbtful snd incenclusive that they have anet
been presented heree

It must alsp be sdmitted that any tiwory leading to improved wethods
of estimating statiomary wavelength, will without doubt alse load to dife
ferent formulas for trough veleeity, and therefore trough displacement.
2wt 1t 18 not liksly tiat the formuleas will differ materislly frem formula (10)e
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DISPLACENMNENT OF INDIVIDUAL MEAN TROUGH
November 7 to 17, 1943
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