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Scripps Ixistitution of Oceanography
of the Univcrs ity of  Oa1 if o~~iaTask VI , Contract NG o ri—ili

ICA~i~ N OF THE METHOD FOR TBACKI:~G STO~~S
BY FOR~~UI~N~~S OF SW~~L

1, Introduction, ~‘~he ~uroos e of thi s study was to test the method

of t r~ c~ in~ oto rm s by use of forerunners of s~re1l.as d.escribed. by iink (19 1~7) ,

~~o i e s of analyzed ~ieather maps for  the North Atlantic from 1 November

l~i5 thro~~h 30 November 19)46 were made available by the Nai~,r ~1eather Centra l,

T~t~hi r,~ ton , D. C. Wave spcctro~ rams from Pencleen, ~~~land were provided by

the Oceanographic Research Group, Adr~iralty Research Laboratory, Ted.dingtozi,

En~land. These records show amplitude factor versus ~eriod., as obtained by

har~~nic analysis of the oriElnal ~ravo records, Analyses ~rere made for twenty

minut e ~ntcrvals  every two hours. \

2. Procedure. •:Th e records ~.rOrQ inspected. in order to find bands of

f o r ~-r~n~rs tha t could be ident i f ied  for  a period of six hour s or more. The

ido~:t i f :~in~ features of the band , such as the fore  edge and the rear edge ,

wore carefully marked. Next , the t ime of arrival , as shown on the analyzed

~o~ve records , and the criod of these identifying features wore tabulated

mmd p lo t ted  or. a~ ”St orm Tracking Grap h ollowing the instruct ion s given by

I:~~k (i9tr~). \ThIS deterra ined the foci whi ch ~avc a tira c and posi t ion for the

storm ~h;~ t ~~r~::~ i ted the swell . Then , and then only, were the weather map s

com~~ lt ed  to de termine  if a storm act~~ 11:r existed at t~~o ~i.vcn time and. place. ~.

~~~~~~ ot Drra s in all wcre studied., ten by !~!ajor A. B. Gordon , Jr ., Air

Co~rns, nn ’~ ten ‘o;,~ th~ author , Care ~ras tal :cn to ~clect the fetch  in a
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Consistent manner. In general, only winds whi ch blew in a direction within

30 degrees of the isobars were included.

3. Accuracy of Metho d. Of these twenty cases , fourteen ~~ve good results,

i. e., the error was less than lO~ of the measured di stance at the cosmuted

time, and less than 1100 miles in actual distance (see Table i). Of the six

remaining cases , four gave fair results, i. e., storms could be a-,proximately-

located, but computed distances did not conform with measured distances , In

some cases ~oint~ that should have been at the far side of the fetch were

actually on the near side. For the two remaining cases , storms whi ch corres-

ponded to the forerunners could not be located. The computed time was taken

as correct arid the whole error attributed to the distance of the storm from

Pendeen.

The twenty cases gave 106 foci , the errors of which were distributed as

fo ll o~•rs :

T~~LB1

Percentage error Number of foci for ‘rhi ch observed distance
minus com~uted distance were in erro r by
stated. ~crcentage of observed distance

(+) C — )
0 — 1 5  20 1/2 29 1/2

16 — 30 19
31— 50 7 8
5 1+ 1 - 5

Error in nautical miles Number of foci for ~rhi ch observed distance
min~s computed distance were in error by P
stated. number of nautical miles

0 — 250 211 1/2 35 1/2 Section
1 251 _ 500 111 15 D
500 — 750 3 3 

_ _ _ _over 75O 3 8
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It is felt that an error of 0 — 15~ is within the limits tm~osed by

the interoretations of the wave records, and. the analysis of the weather

maps, and that different oersons would. derive results which differ by that

amount . It tras noticed by Uajor Gordon and. the author that the amount of

discre~ancy decreased. with additional experience. If the work were performed.

regularly over a ~er1od. of time the error might be reduced even more.

I. Identification of Features on S~ectrogram. ~~trerne amplitude peaks

in the forerunners could. usually be identified with the location of the center

of the fetch, An arc swung with Pendeen as the center and. the computed dis-

tance as the radius would. almost invariably pass through the center of a

fetch associated with abnormally strong wtnd.s and. would also cross the

associat ed cold front at its strongest point. This suggests that the peaks

could be profitably used. to locate the most intense part of the storm (which

is usually of ~rimary int erest). A plot of such intense parts of the storm

against time gives a graphic picture of the storm movement as related to its

intensity.

I n  examining a band. of forerunners the longest period in the band.

corres~onds to a fo cus associated with the far side of the storm while short

~eriods of tl’e band. in question are associated with the near side of the

storm which, in general, is of greatest interest. However, ciuite often the

short periods are obscured. by the presence of a second band. from another

storm “hich might have been present at an earlier time or a greater distance

from the wave recorder. In many cases the long period forerunners of the

earlier storm merged. with the short period forerunners of the later storm,

thus making it impossible to determine the fore edge of the storm in question.
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In picking off the fore edge (longest peri od of band) of the fore-

runners and. plotting its decrease in period, an error is introduce& The

theory demands that the period of an identifying feature be plotted, and

the focus is then a function of its decrease in period. However, in

picking the fore edge of the forerunner band. on each observation, the same

identifying feature is not used, but a new feature each time, the difference

being a function of the storm mov ement between the times of observation.

This can be overcome by identifying a i,eak near the fore (or rear) edge

of the band and. plotting its decrease in i eri od. Thi s procedure gives

more accurate results than. plotting the actual fore edge of the band.

5. Effect of Storm Pattern. The best results were obtained from

wa rm lows. These lows usually ori ginate as waves on a cold front just

east of the )~orth Ameri can continent , most often near Cape Hatteras.

These waves occlude quickly, deepen, and move northeast rather rapidly,

finally occupying the region between 1~igland and. I celand. These storms

are characterized. by a strong fet ch which moves continuouely and is

rather regular in its movement.

Cold lows, on the other hand., which move into the area near I ce].eand,

deeuen and stagnate, give poor results, These lows t end to maintain them-

selves over a period. of time and the individual fronts move through the

southern edge, with the result that the fetch lengthens and. shortens, but

does not progress away from its location. Such a situation ~~ve a very

jumbled olctur e on the wave spect rum.

As experi ence rae mined. cold lows could. be differentiated. from warm

lows by invuection of the wave eoect r~ t.



—5—

6. Bate of Movement. The rate of storm noverient was c~~~uted f o r

ei~ ht storms which were picked at randor~. The com?uted speeds were on the

average 15~ in error. This is considered satisfactoi~j ina sriuch as t~ e cai~

culatlon s were subject to the sam e errors discussed ea rlier.

A Proposed Use of the ~ethod. For a forecaster of sea and ~weil

who is charged with making forecasts for  various beach areas, the rinciples

of thi s parDer could be used to detern ine the t in e  of arr iva l of ;~!~ h waves

from storm centers, urovided the forecaster has ava i lable accurately

analyzed current weather nans of the re~ion in which the s torm s are

generating waves,

If the storm indicates a fetch whi ch wil l  affect  the area for ‘,hich

the forecast is bein~, riade, then the distance of the fetch to the area

is measured. Thi s distance is plotted on the stern tracking graph ~~~~ 1)

On the day and t ime it actua lly occurs. 3y ext ending the date line to

x 00 and nea suring the distance ti., — t5 (which is a scale factor) along

the absc issa , two points are obtained. These two points determine a

straight line, which, if extended, will give the tine of arrival in terms

of various periods at the foreca st po si t ion. Prom provious exoerience

the f ’ recaster is aware of the periods usually as’~ociated with th~ h i ’ncst

waves. These ~eriods should also be verified by coin- utation from the

~,e~ther maps accordin~ to the methods given ~n ~!ind 1aves and Swell :

Princi~ lcz in Forecasting (Hydro~re’ hic Office, l9~~). By keeping a

runnint~ ;raDh (PIg, 2) of the arrival times , th e for ecaster can predict

by Insoect ion of thi s ~ra-oh the arri val time of troublesome waves. The

grach wi ll not give the arriva l t imo~ of local wind waves. For exan~~le,
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on 3 April the weather map for 1230 revealed a storm with an associated

fetch whos e near side was l~40O miles from the wave recorder and whose

far side was 2500 miles away. This information is plotted or. the Storm

Tracking Graph (Pi.~. 1), Suppose waves of 12 sec period are being con-

sidered as associated with the highest waves. According to the graph,

12 second waves from the near side of the fetch will arrive at 1500,

6 April and those from the far side at 0200, 9 A~ril. This information

is placed on the finning graph (Pig. 2).

Advantages of this method are: (1) that the forecaster will usually

have at least two day s notice of the arrival of storm waves, allowing him

to mahe an accurate extended forecast ; (2) the only reauired equipment

are storm trachin~ gra~hs and accurately analyzed current weather maps;

(3) the forecast can be made ra’idly and many locations can be forecast

from one cent ral o ffice, *

ESTIL L. H•A.i .ZILL
1~tay it, l914.~ Caotain, Air Corps
ScriP~ s Inst i tu t ion  of 0ceanogra~hy
of the university of California.

*Sverdrup and Munk have recently suggested that the travel time
re1.ationship used in the regular sea and. swell forecasting method be revised.
In the revision, travel time is computed on the basis of the group velocity
of th e sw ell at the end of the decay distance. ThI s revision and others
are included in ?~ovisod ~Tavo Forecasting Graphs and Procedure , Scri~~s
Institution of 0ceanor~raphy of the t~niversi ty  of California , Wave Re~oort
~o . 73.

The new travel ti.no curios on the rw~ular decay ~raph give exactly
the same travel tine valu s for any 1~ivon decay distance and wave period.
as the stern tr ackin1’ ~ranh. Conseq~ ent ly , the com outed arrival of the
hifçh ~ ,ol1 as determined from ~-i cather r.iaos using the re~-ilar forecastingproce dure will be cons istent w i th the arr ival as determ ined by the m etho d
prooosod in Section 7 of the present oapcr, Therc is, however, a distinct
advanta~:e in using the additional evidence furnished by forerunners 

on
srLvc s e c tro~ rans.
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