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A P D~I~~RY M~ LYSIS OF SEA~~U~~ACE T~ LP~~k~~~E

FORECASTING: RE~OV1~L OF ANNUAL VARIA TION
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FOREWORD

This znemorar4um corers only a portio n of the work on the Envirorinental

Statistics Studies 0 It has been prepared primarily for internal distribution

at NEL to aid others who are working on time serie s aflalyse8 of oceanographic

or meteorological data~ a. 3~4Mtei ~Let~1L.ibi. a sutet4e af NIL LI- see.

ta
~pIcIL~!j
The author wishes to ac~ l Ltheva].uable assistance in the preparation

of this memo ~6 R. Anderso n ~r oceanograp hic e.8pects, J0 S0

Buehler and Mre, puter prograuaing, and Mrs 0 Gladys

L . J ones for data processing.

Work to 31 May 1962 is reporte d .
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I
“~ It is ~~~~~~ Lo to predict sc~- urf ~ce tu~porstu~es into th~ ~\. :~ir ~;

Prediction intervals ~~y be a fe~ dey~~ a fe~r monthe, or even ivc~ral years
for long ter~n pre dict ion There exi st ~everal long ter j~ reccrd~ of daily
surface t~~~eratures taken at fixed 1c<~ati~~~ ~iiez~e recor~a var ~’ from
five to ei~ it years in length with only a moderate amoun t of m1ss~.n€ data 0
The ult1~~te goal of a current study is the ~~t~ .i~inat :!o~ of s. method ei

using certain characte:iet les of these long tc~~i records ~~ forecast surface
t~~~eratures several month3 into the future~ I~e sa~ne methods could be e~-
tended to forecast tact iceJ.iy ii~~ortant underirater sound velocities as a
function of depth and geogniphical locati~n~ The imri~ediate goal of this

~~~or~th~~ is to record a background for such a study, to d~ eert~.in pre -.
li~a1nary work in t~~e series analysis, and to outline the next phase of the
work

Previous work at NRIJ by E~L Anderson and G~ W0 Snedecor has included
multiple regression ana~ysez of surface eounä velocities in the region
300 

- 32° ~J 120” - 123° N for the fiscal years 1951 to l955~ In pa.rti ’
cular, regression equations ~e ca~~1ex as

‘ I 
~ ~~~ 

) ‘
~~ 

)

±3 :- ~~ ~~~~~~~~ ~~i;~;~;• ~~~ -~ ~~ 5~-~ •~~ ~2’_ 
~~ ~

j  ~
where D is time, 0 is longitude , T is latitude and V is surf ~ce sound

• velocity, have been fitted to observations for the individual years The
above regression eqjiation considers the m’4n effects of t~~e, lcngi~wIe and
latitude, and the interactions of tise ~dtb latitude and. 1on~itude with
latitude . It should be noted that a fifth degree polynomial has been used
to represent the variations with respect to time during a. year . This approach
differs from that ~f the present ~~morandum in ~hich periodic functions of
tii~ are used..

Oceanographic data for Ocean Weather Station PAPA ( 50%, 11~5°W) 1’~ave
been analyzed rather extensively as ~~.rt of the Environmental StatistIcs
Stv~Ics (NFL Prob~~ri ~l-21. ) Tho data aro boiri~j  ooiloct xl b~ ConsJiaw
of the Pacifto Oceano~ça~hic cu~~ ~aa i~o, B.. C ~~~j  

~~~~~_- availablo In a
sequence of report s published by the Fisheries Res~~rch Board of Canada
in their )~nnser~pt Report Series (Oceanographic sad Lisiological) 0 The



r T ~~~~~~ ’~—’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~ include periodic roacIIng~ o~ bi~thythexi~~graph Ca~sts, surface tempera-
ture zaeasure~aents, and surface and depth meacur~inente of sal inity, dissolved
oxygen and si1icates~. T~itce daily bathythexiao graph casts are made at 0200
and 1700 G~t&T~, and daily samples for surface sa.Unity determination are
collected at 0200 GOM UTO This men~ randt~ is concerned with the long term

• - time series analysts of the daily surfac-e temperature data as obtained from
• haththe,~ ograph record s~ The 0200 G.~&T. data ~~e usod vihun avsilabio; if

not ava ilabl e, other data for a given day are used .
In addition to the Pacif ic Ocean Station PAPA data , which received the

initial intensive analysis, there exist several years of’ data for Atlantic
Ocean Stations DELTA (44°N, 41°W) a~J EC1-~ (35°N, 48°W) which have been
analyzed in the same manner as that for PAPA, The PAPA data have been collected
by oceanographers for specific oceanographic uses, and are definitely of higher
quality than the DELTA or ECHO data, The Station PAPA data are for the time
intert’al 1 July 1956 — 30 Juno 1961, Station DELTA for I September 1949 —

31 August 1957, and Station ECHO for 1 September 1949 — 31 August l956~ The
DELTA and ECHO data were obtained from the Hydrographic Office0

TIME SERIES DECOMPCSfl ICtS~
Any record of surface temperature necessarily reflects some sort of an

annual oscillation and possibly some sort of a trend. It is convenient to
r~ mve the annua l oscillat ion and the trend from a series of observations
before appiying any &~.atistical prediction tethnl.que. The resulting surface
t~~~erature anomaly becomes the dependent variable for a time series analysis.
If the anomaly ozhib&ts a usoablo persistence, then a composite prediction
foxnula consist s of three terms,

1~ an estimate based on the trend,
2. an estimate based on annual oscillation,
3. a statistical predictor based on the anomaly characteristics.

The general concept of trend is that of a gradual change in a system over
a long period of time, where “long~ is a relative term. An essential part
of the concept is that the change in the system over fa~.rly long periods
is monotunic. It is always possible that a trend can be confused with a
slow oscillation; this is certainly true if the record length is short
compared to the period of oscillation0 With respect to surface tempera-
ture prediction a fei months into the future, such confusion is unimportant.

2
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Pbr t:~ t~~ • --::~~..:3 ~~L~z~r ~:y- ~- :i~ ~ c~: ~tu ~~ . .~~ ~~~~~~~~~~~ ~~~~ C: C: ~~~~~~~~

~~~~~~ of x’ivc to ~~~~~ ~~~~~ ~ :~ r ; ~~~ ~~~~~~~~~~~~~ ir ~~~~~ for ~: y  ~~~~~~
deterni~at1on, p rt Le~tiar:~y in ~~~~~~~~ Of th~~ ~~~~~~~~~~~~~~~ ~ O ~~~ ~~~f l  ~ te~ Of

a. very IflCt ~~:•~•‘Lti ~~~~~~~~ ~~~~ ~~~~~~~~~ Z,~:~ cT;;
~. ~ tV~~I~ &cJ~ 1? cay

iii the &yote~ seem to be year to ~ f ; ~;(.’ ’:i -i~ ,~~~ ~~~~~~~~~~~~~~~~ 1or~
term require1!x~ ts of trewfL For -~~e fo11osdn~ ~~~~~~~~~~ t ; is
that co trend exiat~ .n the rf ~e~ ~~~~~~~~~~

AEt%L~EI8 OF ¶111: ~~tTXO~ PAf A W!~A 1~i~~AL o~ m~ ~~~~ v~ - c J~~~~
The ~tatioo PkPA. data al~-zezl ~~ ~~~~~~~~ ~~~~~~ of 1136 or ti~

possible 1&26 surface te erat~~’e ~~ w aten~s for th~ ~;in~ ~r~~~’vc~l ~
1956 -~ 30 June 1961. Rxcçpt for ~vo s of about ci~e v~o.&.1i ~~~~~~~~~~~ i~~~
data days are di~tribut ed more or lese at r~~clo~ •r ~:t~ -~~. the five yea?’ perto&
Figure 3. dIsplays the A data ~cdffied for plottinC convenience ~a the er-.
tent th~~ the median cbaer’~ tion i~. ee.ch sur~cei~sive five da~r interval has
been p1otted~, rather than the t~~a1 ervations It r~1d be ~~ ,pha r

sised that eli enalys!e was aetu~13y ex~ ormed c~’i the ind Lvicbml d~ii.y C~~
Eeri~ttont3 ~. and not o~ these plotted rnedians

The lafrat c~b~ ioue fc~~~re of the PAPP~. da~a ~~ the ennu~~. ose11latio ~
~ith fair ly i~t~arp a~xin~ in Au~u~t to Octobc~ szd  r~i~ei’ flat mi~i’.r~ in
F uary to ~~~~~~~~~ ~~~~~ ~~~ ~~~ -~~:.‘c oecillatoxy in nature vdth a period
n~~essa~ U..y clce;e to one c~lcndar year, it ~s justifiable, f~t~~ a ete.ti~tica1
Point of view, to fit to the date. 5CP~~ theor~tieal fLr ~ ion which OoCillit~-:;
with period one year . Suc!i n ftuct~c.~ ~c~ ld be fitted to the data either to
pro7ide en underatendi~g of the o~,c Uato~~ ~~ture of sux~sce tci~~erc~ures ,
or to provide a prediction for~~1~ ~‘or theme tc~pez~ tur~c.. ~~e simplest
such functicai -

~~~
(i&)

- 
~~~~

• .3;,~• \.. S~~

~~
. • •- 

~~~~~~~~~~~~~ , (1B)
where I) i~ ti,me ~~ured in days fru~ ~~~~ ~~b~tr~rj or&~in~ ~i ie the fitted.
value of rurface tcn~per~~.ure, ~nc~ ei~:irrc 

~~~~~~~~~~~~~ ~ 
or e~u~vz ~~~~~ ‘L . ,~

a .e regrcscio~ eoe?f~.c~~~.-~ ~c ~~ ~~t ir.Etted ., The ;.rear ’e •~~~ cth, here

~-n az 3~5 dk 7z. ~o’i~2 ~‘e r ri.t’~:. to wha-t~ -~er ~r cur~.~~ ~~ t:~.fi~6• in
the e~~ur.l ~c--~ ~t :  .: tio~~
i~ con~~ r’~ioa~j  ‘c’ay of fit~uz~ ~uer~ a fw c’-~on s.~ £~p~’~ ica (

~.) to the
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~i ~~~~~~~~~~~~~~ is ~~~~~~ t~e~ of L.~~t ~~~~~~~~~~ It is d~CiL3J~d17 easier
~r tce ~~t !e~. (

~~
) ~~~~~ t~~~i ~•tJ~) i;~ tiii~ method of fh’~.ing since

~~ the •~~a ~
-
~~~
‘ t:~ree n .taneow~ Une~u’ equatiosia,

~hereas ~~~~~~~~ (‘) ~r,1a1i a~ )eax- ~~ the solution of three quite c~~plie&te4

~~ltsneous z lineer e~~atiot~~ l~~re specifically, the method of Least
Squares consiets of min1~i~ix~ with ~e~~~ :t to •~~~,.g1) ~~?~ the sua of

~qua.res of the differences of observed and predicted. values

~f (~~~~>~~ ;~z ~~~~~~~
— 

~~~~~~ 
—

~~~~~~ 

~~where the cumz~ tion is over the N sai~ le polntc.. Thuc the equaticmz~

are to ~e solved. o J*9aneous3 f. After some manipulatioa these equa.ti~~a
can be written as

±~3~Lc~~~~~D ~~~~
c’ ~pZ(~’i ~~~ ~~~~~~ ~) :x~~~~ j n .~~~ O (2)

f l c c~~I-  ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~ ~~~

1!av2.ng determined ~~~~~ j~~; ~~~~~~~ It iS ea~~ to ~~ta.in

~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~ —-
~
,-

~
- (

~
)

Before discussing the numerical results of fitting the PAPA data, cc~-
sider the foUo~rLn~ Although a visual ~,serva.ticn of Figt~re 1 would
suggest the fittln~ of EquetIc~ (113) to the data, and ie a reasc~ab1e
techoique in en investi~~.t lye problem, it is perhaps enlightening to present
the P!~PA date. in terms of the e.utocorrelaticrn functicr~

(Je)
J~~’ \ ~~~~. 

( /~
* 

( / 

~,f ~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~ ~~ 

- 
~

where all th-~ s aeatio~ signs mean -~ L -
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zero, meant3g that the tis~ 5er~e~ ~ ~e -~~~.t1y corre1~~~L :~~ iteelf .
If the PAPA t1~~ series repeated itseL-? ~~s~tZy ~~~~ :~ear ,, t~e ~utocor?e~.e.-
ti~zi fO rj  ~ l~ 2~ ~~~~ °

, ~~~5Th Ofl tL~ aJJM ~;c’ = 1, since there would be

perfect correlation whenever the ti~~ 3O~: : ~~~ and the ~~~~~ -tr ~e eeries
were exactly in phCae0 Since the dat~ do not repest th~~sclves exr.ctly
every year, the antocorrelat ion funet ion can never ~~ ~pt at j  -~ 0,

but as is seen from Figure 2, the autocorre1~tion f’tanct.Y.ozz he~ very .i.e.rge
poaitive pea~r.s z.t yeo.rly intervals 0 This is a dcfialt~ ~~d.i~~tion t~~tt
there are oscil1aticri ~ with period one yee.r in the P~A~~ ~Yata~

Fitting Equation (33) to the date yIelds the re~ :esa1oa e~ua~ic~n

~ ~;. i- - - 3 4 ~ ~~~~~~~~~ ~:~9 H
-‘ G~~4 ~ ~~~ •~~n~~~ ( ~~~~

— -~ c~) .
where the units of are degrees Centigrade, e.nd da~ t)=l is January l~

As in~~aures of the ~~odness of fit of this equation to actual
data we can ccnslder three related qw~ntitiea ..

L The n~altip1e correlation coeff Ic tent between the cha rred sad
fitted X’s

2~ The variance of the observations abot~t the fitted curve~.

3. The F-ratio of the re~renaion suns of squares to the u.~erpleined
sum of squares

Considering these quantities in turn , the square of the ~~~t.~ple
correlation coefficient between the observed surfnee t~~perature X end
the fitted surf ~ce tenpera.ture for the PAPA data is = 0~863, fr ~~ which
13.0 929. The quantity R is a measure of the strength of the linear relation-
ship between the two variables • A value of !~ as large as 0 929 i~ p1iez that

Ea_natI~~ (5) provides quite a ~~od fit to the PAPA data .~
~~o variance of the observations abo~t th-~ir mean val-~e is 8. 90L The

variance of the observations ebo~it the fitted curve is l .220~. The r l at~c~n..

oh between these var j,~n~.z:: ~~~~~~~ in ~~~~~~~ ~~

which iea(~n O~1C t’;- o~vross ec bein~ç the perc~nts~’e of var~~nce

5
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e~~ _a ned b~ fittiii.~ 
•
~~~~~~ r i esion CUrVE! ~~~~~~~~ sts~ndaH deviation of the

~ w r v ~tic~nz about the regression cu~ire ~s ~~L2~~. O ~
Fina3.~y, the total *~w~ of sqw~reu of the PAPA observa tions about their

n~~n i~ io,ii~~6. ‘the reduction in suin of ~~uares due to fitting Equation
(‘ ) is 8729 2, whi ch leaves en unexplained ~tin of sq~ieres of l38~.1~ With
the proper no s lt~y assu~~tiona, the ls~t tvo sums of squares are independently

~~t-square distributed. with 2 and 1133 degrees of freed.an , respective~ ,r , ~o
t~~t the F-ratio ~~ - .. 

-

~:)I~~~~.-_ ~~. -—

c~n be written and iuterpreted~ This value or F is highly siguificact
since the i% critical value of F for the above degrees of freedcn is PC .01 —

14 .62 One concludes that the regression Equation (5) aiguificantly reduces
the total su~ of squares ~. The 1al~n3ic to follow will show that the unex-
:p3Lined ~um of squa res can be reduced further in a meaningful way.

The clue that an annual oec1~.1ation existed In the PAPA data w~g pro-
vIded by visual observation of the original data , or of the ftutocorrelat Ion
function . Statistical justification for fitting a giv~~ function to data is
provided a-poeterlori by the F-ratio ana~Lysie, or its ecjuivalent.

P.PAL~SIS OF TIB~ S~A~PI0!~ PAPA DA!M:
!~~~ VAL OP TEE ~~~IAI~ UAL VABIf~TIOL

The fit or Equation (5) to the PAPA dat a can perhaps best be diapla0yed
visually by plott in~ the deviations of the observations fran the fitted curve,
so has bean done in Figure 3. This pennits 5~ expanded vertical scale over
that of Figure 1. Again the median observation in each successive five day
interval has been plotted. A feature of the deviation plots is the existence
for each fiscal year of two fairly well defined i~~cis~ at ron~ily one-half
year intervals separated by fairly veil defined aini~~~ P er 1960 the first

~~x~~~n OC~~~ B in the last 5 days of 1959, Figure 3 provIdes visual evidence
of the existence of aan*’ cetniannual oscillation in the PAPA data.
as ~~ aitornato d uo  to the existence of the ee~3iaoflusJ~ vn~t~.on, -

again ~s~ke use of the eutocorre3.at Ion function so was done in FIgure 2.
The autocorrelat Ion function of the devia tins of Figure 3 is ca~ uted
and displayed in Figure 14. ThIs figure shows quite e1a~r1,.y that a seal-
annual oscillation exists in the PAPA data, although the peaks in Figure

6 
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are aa~*Ucir in r g i i~~~’.e ~~~~~ tho~e ol Fig.itu 2~~

Raving d~ aon~trated the ex~~r~enee of uca~e sort Of S ~-c~~~nnual cecilia-
tin 13% tiAe data, it 15 00SF ~‘jenjent ~~ ~ v~~t tc thc~ original PAPA ~iit&

and re~~’~e the ~~~ut~l and st~aianr.~~ L o~3ci1i~tLenz ~inaitenecusly, Analogous

to the work abcive, the siiç~leat function e.~,nta1n2~g both annuaL and se~I-
annual oscillatory tenm~ is

~~~ 
-
~ ~~~~ ~~

-
~~~~~~: D—~~~

)
~ 

(6A)

/t~~ ~~~~3&3 ~ ~~~~~ - ~~~~~~~~ ~ (6B)
? 

~ 
1 ~6.. c~-~)5~~~~~ ~

)

The quantity ~ £ (x-x~)
2 is nin~~isec1 with respect to the five 

,~~ ~~
Tha t is, tho eq~atins

ac~ c,~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

are solved si~ ilstneously. Analogous to Equations (2) , ~ ;~~‘e arc five linear
equations in the to be ~olved siniltane usly.

The ~dn1nuxa of Q obtained by sliuzitaneously fitting with nrnual and

se~i&tmual terme is the name !~in~ that would be obtained it’ ~~
- fit of

annu&1 ter~s were followed by a separate f~t of se~In.inual t~~~~ to the
resulting deviations, ObVio’13 chongas of origin bc;~.ng satIe0 93ie. two

separate regression equations added toget~ier woult~. be the ss~w as the

ain~zi.tane~ous regrt~ssion equation.
The e~ ,litud.es end phases are given by

e~ -~~~~~~~~~ C+C.~ i-

j .  ~~~~~~~

Fitting Equation (6~) to the dstt~ yields

~~~~~ 5~2
+ Q.7~~Q ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(8)

~ ~~~~~~~~~~~ ~~-i O- ?O)~
-
~~~~ ?~~~~~~~~~4.4~)

7
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is in ~~~~~~ Ceotig~the end )).~]. l.a Januit~ry 1.,

The square of the ~ altip1o correlation coefficient betveen the observed
tnarftce t~~~er&ture X e~nd this new fttt ~~ is ~~uu0.903, and 3.0.950, v’
increase from R~I.O.~63, and ~~~~~~ w1~~ only the samuel oscillation vas
fitted 0

~~e variance of the ervations ~bmt  the fitted curve ii 0.865, a
decrease ~rc~s l.~22O. The corresponding otandard deviation is 0.930°C, a
decrease from 1.l05°C,~

Mere i~~ortsnt],y, the additional redaction In sue of squares due to
fitting the a~~i~nnual oscilistion is 403 0, leaving an smexpl 1 n ed s~~
of squares of 9~~.k, and result ing in an P-ratio of 232, still highly
ci~ iif1cee~t at the 1% level. At this point It would, seen .~prupr1ate to
di~p1ay a table sImilar to an Analysis of V~riance ‘II.ble in ~~der to teat
the significance of the reduction in sue of squares ttae to each sdd.itic~*l
regression variable.. This 1 done in Table 1

TABLE 1. PAPA AZ~AL!SI3

Variable Sun of Degrees of Mean F

—- 
Squares Freedom Square Ratio

Total 
— 

1ou14.6
8729.2 

— 

2 14365. 3569
Une~rplained 1385.14 1133 1.223 

__________

Senisnnua.l 403.0 2 20105 232
Unexplained 

— 

982.14 1131 0,869

(Significance Levels: P0.05 ~ 3.00, P0.01 z 14.62)

On the beats of the above table one concludes that the regression
Equation (8) reduces the total sum of squares significantly ~~re then
does Equation (5), so that aiwinal and. sealannual oscillations should b
reenved fron the PAPA data si altaneoua],y prior to further anal~ysia.

8
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A1~2I3 OP ~RE ~~~~~~~ PAPA DA~~ : IWSIDt~L \TA1~YJ~3DJ.TY

As before , the fit of Equation (8) to the PAPA data can be displa ~recI
visually by plotting the deviations of the observatic~ns from the fitted
curve , as bee been done in Figure 5. Alternatively, the autocorrelation

• function of these deviations has been plotted in Figure 6. Neither Pigure~
5 nor 6 indicates the presence of any oscillation tvltL period less tbr.n one

• year in the deviations after the annual and s~~Inmual czciUaticna have beui
r~~~ved.. No further anai.ysie of the unexplained sum of squares w~~. bt~ atte~~ted
in this ~~~~re.ndiim. Futu r e analysis of the residual verL~.bilit~’ will be outlined
in the final section of this ~~~ randtun~

ANJ1L~~IS OF S~~flO~i D~m~ A~D ST~T~~ T EC~0 DATA
The ~~thods devol~~ed 8bove for the analysis of the PAPA data have been

applied to the ~~L~A &id ~(fl~) data.. S~mi3nr results have been obtn~Zned 0 The
results for the three stations are presented belo~i in trlruiar form.. Table 2
presents the regression coefficients , the ~a~ltiple correlation coefficients ,
and. the standard deviaticnn of the ob • crvati~~s about the regression curv’es .
Tables 3 and 14 are Analysis of Var iance tables correspon&ing to Table 3. for
the PAPA data.

~rA33LE 30 D.~LTt~ A I ~ I3~~
Yarinble Sun of Degrees of Mean 

- 
P

Squares Preedon Square I~ t.~o

Total. ~~~ 3287 
_ _ _ _ _ _ _ _ _ _ _ _ _  ______

Annual 6203 
— 

2 3101. 
— 

1293
Unexplained 3082 1285 2.398 

_ _ _ _ _ _ _ _ _

S~ lrtaI~m,PLl 5T0 2 
— 

285 i1~6
Unexplained 

— 
2532 1283 1.958 

-
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Variable Sun of Degrees of Mean P
— —  

Squares Freedon Square fiatto
Total. 1~~25 1530 

____________ __________

Annual 12065 2 6032 5902
Unexplained 1561 

____ 

1528 
____________  _________

Sesiannual. 493 2 246 351
UnexplaIned 3.068 1526 .700 

_______-—
(8i~ iificsnce Levels: ~~ ..O5 3.00, 10.01 — 4.62)

The ax~st important discovery described in this ae.~~ andun is the highly
— si~ iifieant reduction in suia~s of squares in surface tes~eretures attributable

to the fitting to the data of annual and ~~~~anm,&l oscillatci y t r .  Con-
sidering Tables 1, 3 and 4, the large P-ratios corresponding to fitting
5~~(ai~~1A1 taxes even after the highly e& Wi~ficent ~~ tn~i~~1 teres have been
fItted~ indicates that both annual and. sentennual oscillat tons should be re—

~aaved firn surfece t~~~exature data before statistical ana lysis of the anc lies
is performed.

Turning attention to Table 2, ~~~ieh concerns the coefficients and fit of
the regression curves, a feature of the table is the alw’1’~rity f~~ the

~~~~~ stations of tars within each of the col~~~e except ,d~ and O~
These el~~ le.rities exist even though the stations are in different oceans and
even though there are differences in the q~iality- of the recorded data. It
would eppear that the aa4or differences ~~ ng stations is accounted for by
the differences In absolute ~~guitudes reflected by the 4 . The differ-
ences ~~~~g stations of the amplitudes are relMtveIy minor, as are the
diff srence~ of the phases, although it Is the differences ~~ ‘*g the phases

which determine the fine details of the aMps of the individual best
fitting curves.

~ i.e concludes that the *nn~i.i variation in aea-surftce temperaturei is
veil represented by the sun of two V517 simple functions, a sine function
with period one year sad s. sine function with period one-half year Al-
though an ann*~ 1 oscillation in surface t~~~er tures ye certainly espeeted,

10 
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the existence c~’ the ue~~~~~u~ L a 1~~frt ’o~i ~~~~~~~ not ex’ec~ed.

07~1ZL~~ OF ~ J’~e~oR1l ~oa~i
This ne orandun bat d~ nstrat.ed the ex~i3tence of a~~~2~3 and se~iaimual

oscillations in sur fLwe teuimerature datn for c~’c ~~c1J’ic Occa~i ~a~d t’~zo Atlantic
Ocean stat ions. Whea these oscillatLone sre r~~~ved froni the data there re-

~~in ties series consisting ot the devistious fran the re~si~o curves.
Referring to Figure 6, ~ihieh t hczis the utocorrelat io~i i~mction foi- these
dEv-istioun for the PAPA data~ there are I ~~t~onr~ of c &~Istence of ; B5~’,

seventy-five days in this data . The v~]r.e~ of w~toeor~r&.e.tion cif; to this
point are probably si~ iIficartt This persistence also r~e$.r3 in Fig~ire 5,
showing the deviations themselves, in ~~~~ cessive dowisticns do not very
zand.cmly a.batit the axis, but nre above or below the aria for fai~l~’ l~~g
periods of tims. It is questio~xeb1e that the illations in the ~uto~
correlation function of Pig~~e 6 ‘.rc ~ c-~n2ngtul much beyond 100 days ~ They
are due to nothing sore then the characteristics of the p?-rbicular five
year ai~zij~te avail able for analysis.

If a peraist~nce of two or three ~ionthz exists in a t1~e ser ies,, then
it should be possible to use this persistsnee to predict into the futu re.
Present pleen envisage a predict ion formula of the for~a

C _ _ . 
~— \t,— ‘,~~ c .~ —~~ ~~~ ‘-‘tl ~i -~~)

where Y Is the surf ace teeperature an~~~iy.~ Thin equation indicates that a
temperature ances.i.y k days in the Luture will be pre dicted e.s a l~inear
canbiration of the nFl nost recent observations.. With Ic end ii ~~ pora~neters,
the C1 will. be determined by i!isising ~~~~~~~~~~~~ for ~
portion of a ties series . The ulti~~te evaluation of the prediction formzla
will be based on how veil it predicts the nniaiown (to the predictor) future of
the ties aerioc. As mentioned early in the r~~~ randust, the ec~~ o3ite pre-
diction formila. would cozdoine the above an~~aly prediction with trend. and
eimi,ni. oscillation teX~5

Further investi~~tion ehcsuld be ~~de, for other regi~zas of the ocezn,
into the existence of the apparently well dafizz~c1 semiannual oscillation in
surfP ce temperatures, The use of tb-Ic oscUlation as a stat istical toni i~
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~~ I2i~~~ e~~ i ~~ ~~3.cui ~~ e r ~~~~ -~~~ -
~~~~ &ifficult , The sta.~.ons

discussed in this ors~n&~~ are -‘.n the open ocean in deep water . Two
other aj tugt~cejs of interest ere -that of a c~ astal station in shzflov water
and the inter~e. ~~te situation of an ocean station In relatively shallow
water.) Long tern records erist which will be analyz.ed for these situa t ions
in the ssa~e ~~nner s~ discussed in this m~~~randua. There are 115 years of
date taken at a c xi.sthl station , r~~.ly &rijips pier in La Jolla, C&lifornIa~,
There are so~~ 20 years of data taken at each of two stations on Queen
Charlotte I~L~nd, X B &  and S?~. JA)~~~ which because of their exposed
uature car. be considered as ocean stations in ahallaw water~F As is always the ease, it would be desirable to obtain sa~ch longer tiae
eer~.es to use In invea’igations for treed, and for r~sre extensive auto-
correlation t~~~ lyse3 The long records wi~Ioned above mhould help

~oive this problem-.
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