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ABS'l:RACT

A nodel proposed by Ottestad to explain tlce varia.tion 'in 'annmll Noruccian
baG-net catches of salr.lon is discusscd. Alternative models are considered.

. .
HESUHE

On discute un modele proposcpar Ottestad pour expliquer la variation des
prißes annuelles de saUDon raites par les l:oruc;iienc a la bache-trainante.
On considere d'autres modales possiblcs.

INTRODUC~ION

A detcrninistic matller.m,tical i.lodel, consistine cm::cntiall;y of a nunber of
periodic tCTI1S, has been proposed by ottestad (1979a) to explain fluctuations
in tllc annual bn:;-net catches of nalmon in Nort'ny. Ottcstad used data for the
period 1900 to ,1962 ·CO cntimatc tLe parCli.1Ctoro of his nadel and chec1~ed its
plausilJility by extrapola.tinc it to 197G and comparinc the extrapolated values
uith actual statistics for these 11.J- years. Tlle apparent success of his model
in fittinG the aata led Ottestad to clain that tlle nain cause of the observed
variation in annual sa~lon yield is natural fluctuations in population sizc.

The use of models to dascribe tine serien has :or Ion.:; occupied the attention
of nany statisticians nore particularly sinee the pi011CCrln(;; Hork of Yule (1927).
Certain oerics,have receivcd considerable attention, notable aNonc these beins
Uolfer' s series cf sunspot nunbersand the aromal trappinGs of the Cnnadian
l:;nx (Lym= Canadcnsis Kerr). .

The aims of tioe series mod.el fitUne are Generall~r to:

(0.) providc a satisfnctory deseri]!ti.on of the ncchanism by lilhieh, .
values of aseries are ceneratGd;

(b) forceast future values,

both these ains clearly beine of practical ll1rortance.
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Despite this, successes in model fittinG havo unfortunatcly not been
eommcnsurate \fitll the ßrco.t amount ci' effort that'has, over the last fifty
years, been put into developinc and applyinC teclmiques.

TYPES OF HODELS·

Time series models rnay bc broadly elassificd into thc follouinc tJ~cs:

I Dcterrlinistie Yt = 1..1 + f(t)

11 Dcterr.linistie and error Yt = f(t) -l- e:: t

III Non-dctcrr.1inictic Yt = 1..1 + Ea. e::
t

.
J -J

IV Hixed Yt = 1-1 .:. f(t) + Ea. e::
t

.
J -J

llhcre Y is the valuc of the ncricn at Une t, :let) ic an explicitl~r tlcfincd
mathc:no.:tieal functiol1 of t, 1..1 is tho lone tenl o.vera::;c value of thc neries,

Et' E:
t
_· ete are independent randOf.1 variatcs \rith zero Llean and a ,a1 ete

are eons~ants. Euch of these typen rJay be sub-divided inte furthe~ types.
Thuo, uithin thc non-dcterninistic typce, thel'c are autorecressivc (AR),
novinc averaGe (W\.) anä I:lixcd autore.::;rencivc l:1ovinC avc::-agc (ARlIA) nodels. '
These nodels are described in detail in numeroua text books. For a niLlple
introductorjT account S0C Kendall (1973). Other rcferenees are Andcrson (1971),
Box a::ld Jen::ins (1976) rtnd Grancer and Ncubold (1977).

The f.1odel propoaed by Ottestad for HorucGinn bn3-ne"i:. catclws of sc.lmon
belones to 'Iype II above. He chose :for f( t) a ftme tion eODposed of the SULl

of a nWuber of pcriodic (sinusoidal) teres of the tJ~1e sin(2nwt) and
cos(21Twt). r;orr:1ally \"h011 adoptinc thia forl':1Ulation it is necessary to
entir.mtc both the nW:1ber of terms to bc included in f( t) and thc valucs
of w , the freque11cics~ This may bo dono by curryine out u periodocram
analyr;in, a procedurc \lhicll ta.!:es tllC periods of the terms \Jhich are
to be included in f(t) a.s inteGral divisors of the availo.ble nunber of
terms of thc serier; bein2, modelIed, n say. That is, onlytcrcs of the
fOrt;1

a. cos(2 1T jt/n) + b. nin(2n'jt/n)
J. . J

uhere j =1,2 ••••••• , n/2-1 (n cvcn) or j =1,2 ••••••• , (n-1)/2 Cn odd)
are included. '.rhe attractiona of this D.pproach are that thc naximum nuraber
cf terms to' be incltided in autornatically fi~:ed and, lrith thc' reasonably
mild assunption that the error tertils are normal12 and2indcp~ndel1tly distri
bnted llith consta...."1t variance, the quanti~ics n(a -I- b )/2 C1 are distributed
as independent, central or non-ccntral X s euch \dth 2 dCßrees of frecdom.
1be statistical siGnificance of thone teros may, therefore, be aasesnüd
by means of a straichtfor\'Jard anal:,rsis of variancc•.

If f(t)is composed of termn

a(X) cos(2nt/),,) + h(X) sin(21Tt/X)

•

whose periodn A may lie any\"here in the interval (2,0:> ) and not merely at the
discrete points n/j (j = 1, 2 ••••••• ) ihe nQ~ber cf terms is arbitrary and the
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advante.cre:; O~'\he statis~i~~i'i~dcpcndonco;of 't~~:x2s is also löst~ ',Ottestad
dealt \,dt~ the first problem bypostulatinethat thc periode of'the constituent
terms of f(t) should bc intecral diviGors of 0. fundamental period of length .

l}OI.8 yeJ.rs,'ic shouldbe 0. GubGct,of tho,values: lI048/j,(j =1,"2 ;'-000. ',2024).
, ,ßincc.th ~ number ,of terms usod in .thc GerieG beine modelled'was 63, only' ",

",values j "1' "lhich·'./tü48/j'" 63,' ie' for\'lhich -j) 61.,' could be' included~,"Ottestad
,;chonc a set of.13 valuen'for j, nanely'j=··71', 96, 120,176~ 231'~:296, 344;:

358, 363,'378,',/1-05, 426 and :1.76 for considerationo " Ottestcid 's choice of"
4 048 years for thc fundamental period isbasecl on his obscrvationthat the:"
lengthf t of cycles found by him :in an extensive ntudy' of 'biospl1cric' tine' ,
sories.could'be recarded as integral divisors of this'value.:, !The chosen
set.of, 13'va.1ues,fo:, j.is conjectural. Hin final model in:fact only:includes
terms corrcnpondinc to 6 of these 13 values, tho' 6 chonen' beins selectcd by ,
carry.ne out 0. stcp-wise reGression of yield on 26 ree;ressors,each value of'

:,j givine rise to .both sine and coDine termti';' ' Ottentad includcd an ndditional
(27th):regressor, namely finhincr effort an'ncaGurcd by the numbor cif nets in
use,' tI)is reGrcssor also,beint; sicnificanto '1'110 actual 'sicriificance levels,"
and; more particularly, thc amount of variation cxplained by each 1'o[;rosso1'
in turn are not quoted by Ottestado

Ottestad thus chone to connidor a model in .,hich fishing effort appearn an an
additive rather thon a multiplicative variable~ A multiplicativc'modcl, which
implicG thnt thc number of onimals caußht in n civen time interval is
proportional to fishine; effort as \"011 as to absolute population 'size, tImt
is, t~at Yt = qctNt and hence tImt Yt/et = qNt , ,is more usunl °in',fish population
dynam~cso , ", , " . ,",: " ,/ '

" ""'

"
ALTERNATIVE HODELS ,FOR SAUfOn YIELDS

.' ~. .,

•
Prior.to, any model fittine Ottestad 'Gmoothed his salmon catch ditto. by takincr '
thrce-point equall;,r wo~ehtcd movinG averaccs.' That is, his ,basic :;;~rie:;>' ~Yt) .
v~s transformcd aCCOrdlne to Zt = (Yt-1 + Y± + Yt.1)/30" No,fornal Justlflcat~on
for this choice of transforr1atlon is possibLc alt~oush snoothinc of this sort
has orten, bcen employed by othera.· It does introduce'effücts uhich should'
be, tuken into,' uccount in subsequcnt analysiGo ' , (,

A linea; rei:r'c~~'i6~~ carri~d'Otlt' ~;, the pres'cnt authoi~, of these sm~othed values
~on thc annualnumber of bac-ncts cmploycd showcd a sienificant associationbetween

catch, und effort but, only some' 129~ of, thc tötal variability 'in cntches ,"as
oxplnincd. by .the nSGociatE'd variation in' fishinc effort and, 'in ,thc'analysen
preccnted in this section, fiahinc cffort is' not iricludedo ' ' ,

. ~ , , \

The results of a periodoc;ram' analysis' carricd out on thc, Zt valucG !-'or '
1901 to1961 (n= 61) arcoGivcn in~Table 10 Thin indicatcs that,the components

. (,of hiehest intensity: correspond to thc ·lon,?;er periods. " TImt is, rJost o'f the "
variability ('enereY!)·is confined to the'low frequcncy'end'of thc spectrun.
The analysis of variancc in Tablc,Lsho"is that the rcmaindci' menn nqunre has
bcgun to level;off:after thc first six periods (ie'the six frequcnciea,j/n~
'j =1, 2 • 0o· 0~ •• 6) have been :fittedo Thesc periods are" from 10 to 61 ,years
in lencth, thosc ~detected', by:Ottestad Imvincr l1criods fron 9~ to 57years,' '"
in len[~tho ' : :'
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A nimilar annlysin carricd out on thc untrallnforr.1Cd ncrics, ie on thc Y
t

valuen,
c;avc enncntially the same renults )(TubIc II). Some 7T;~' 0f. tl1c total' variation
of thc Yt neri~n is ,c:h-plaincd by thc fivc lone;cst periodn. , ,

, ,-', .~

Thun thc periodoGrnr~n of. both thc Yt and Zt ncrics nhow the prcnencc ,of larGe, '
cnercy at lou frequcncies and not much cncrQ,' clsc\lhere. Althouch thc periodoc;rar.l

.of a modclconnintinc ofsinunoidnl componcntn of. dincrete.'frequcncies munt·be
dincontinuous by definition, a serien \lhich han n continuoun .npectrunbut llhich '
is'only obncrvod at dincrote pointn in time can also only be estinatedat
discretc frequencics. ' Tho periodocramn 1;ivon in Tablen I and IIand llhich 'are
s~o1;m craphically in,Figures 1 and 2may thercforc bo rCGardod as cntimatinc
the npectra oftir.1e series uhich are either dincrete or continuoun: Hodels
of type III have continuous npcctra an dintinct frOI:l thone, of type II ,kich
are ennentially discrete. (The prescnce of 0. randon error' ton;} 'Thone varianc'e
in sl:1all comparcd .Hith that of the' ncricn au 0. '1hole produces a continuoun
10~11cvcl of intennity at all frcquencicso) Different non-deterninintic nodeln
havctheir Olm charactorintic spcctra, tl1at of a nimplc firnt order a\1to-
rCGrennivc .model; (AU(1» havine tho shape ,nho,m in FiGUre 30' The ::::inilarit~l! •
bct'lCen this and that of thc discretely cntir.latod npect'!.~a of Fic;uren 1 und l. :

2 in obvious.

AUTOCORnELATION ANALYSIS OF SAllfON YIELDS

AutocorrclatiOl1 analynin an a mcthod of annlyninc tir.1C ncriel3 \lüS first intro;'
duced by Yulc (1927) and.nubncquently devclopcd by cany otherno TIle for~Olal

link bchmcn thc autocorrelation and cpcctral functionn of tinc aeries \·lD.S

first ShO\ffi h;;; Illiintcllinc (1931t). The basis of thc method connists of
calculatil1G the corrclution coefficientlJ of tllc valuco of tllC serien uith
tl:erJsclven lacced by different anountso Thusthe l~th order autocorrclation'
coefficient (rl) is thc ordinury correlntion coefficicnt calculatcd from thc
(11-I;:) pairs of~valucs (Y1.. l' Y1 ), (Y1- 2' Y2 ) '0' (y , y _l)oThe correlocrar.:J.
is .the Graph if rlacainGt le. DifferÖnt no:r.-dcterr.1~nin~icnodcls exhibit
different corrclonrams. " \',

TIlC corrclo.::;raos up to laG 2Ofor thc ceries Zt al'd Yt are c;iven in Tables
III und IV and both sho\l L;oeJ Cl.Grccrncnt uith trie thcoretical autocorrclations e·
of 0.11 AU(1) nodel, althoush ncithcr corrcloGram dicc out cOr.lpletely, both
nhouinc; a tcndency for nlicht occillation nt hieh laGe. 'Hcncc, althouch
both thc pcriodocram analyocD and the autocorrolation analyses stronc1y suecect
that a suitablc represcntation ror thc'sal~on,yieldo, smoothed or unnffioothcd,
is civen b;;r an AR(1) procesc, it in perhaps uise at this stase not to rccard
this as the final model. Thc possibility that a nodel of type IV maY be
more appropriatc is currently under invcctication. For thc preccnt, however,
an AR(1), ~odcl appearn' ,to 'cive a very Good ~prOXi1'llUtiono' . Such 0. 'proccns has
theorctical autocorrelations r;ivcn b;y PI-' :::: P , ;'1< P <1 0 , The observed value .
0:': r, (which, for thc Yt serien,'is Civc:n'by 0.7696)'I:1ay:,bc·uscd as an ,ent~mator

of p but, althouc;h. 0.. consistent entir.lo.tor i t is, biascd. as' sho"m' by I1arriott
and Pope (1954). , Corrcctinc ror bias Gi~'cs an.estir.ü:l.'ccd valuc 6~po(1..nbout '
0.80.. Thc largc carnplo standard error of thio eotimate in {(1-r )/nP~ :::: 00076
and very appro:::imatc 959~ confidcncc lü1itc forp are 0065-0095. Thc theorctical
correlo[7an of an AR(1) procccs '\lith p :::: o.GÖ is ch()\'m in' FiGUre 4, alon~ \lith
thc obacrved uutocorrelatiol1a of thc Yt serieo. 'Thc cstimated value of p in
very clone to unity and 13110\10 thnt tllO series in behavinc rathcr like a randor.l
\:alr~ procoss ,,,,hore the valuc of thc serien at any time in equal to its prcviouo
value plus a random cooponent.
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FOHECASTIllG SAUIOn YIELDS

Ottestad used,his model to forocnst oalmon yields for each of thc yoaTn 1963
to 1976. DUrine this period the yields fell fai:t'~~· ,ato..'ldily from :>. rccord
hieh levelof nearly 13000 tons to u v~luc of 10ss than /~ tons. Ottcstad's
model prcdicted this do,m~nrd trend very successfully.

'For,anAn(1) process thchPrcuictcd valuc h yoars ahead ef a base ycar value
Yt is Civcn ~y Yt +h == 1.1 +p (y - ll)' Since IpI< 1, as h inc::cascs thc prcdictcd
vc.lues ottad1.1y convercc to trie lone tcrr,l avoro.:;o of the ser1.Cs. Fer the
unsr;lo(,theu scries tbc averaße OVC1' thc cstirJation period 1900 to 1962 is
850 tons. Clcarly, thcreforc, p:cdictcd valucs many yearo beyond 1962 trill
crcatly overcstimate thc actuo.l yields, \lhich, by 1975, ho.d alrcady fallen
to rou[,hly half thc 10nD term avera.r:;e. In rco.lity, of course, ono \!Culd
normally forecast only 011C or, t"l0 ~Tco.rs uhcad "rith an AR( 1) proccss, continually
movinc thc base year ahead ao ne1l' data come to hand. Table V shows one year
ahcad predictions usinc; both p == 0.80 and p == 0.90. Forecasts r:lade usinC
p == 1.0 \1ould, of course, simply predict ne;:t ycar'svaluc an beine equal
to this ";fear's.
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The aim of this paper has not been to rClutc Dr Ottestad's nost intercstinc
thcory hut has becn ccrelJr to shot-! that alternativo nodels may cxist ,,!lieh
equall;r sueccoofully cxplain the behaviour of tlle salmen Jricld serieso Further
analyses of these data are clearly Hnrranted and are at present in proc;rcos.
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TABU 1.-...-.- 1.'~~lODGRAM AN.~YSIS OF S;.LMON YlJU,DS ~"'OR 1900-196Z SMOOl1:mD BY
3·PT V;,QVING i'..'lERAca Cn" 611· '

.Periöd . (;Tl .l?eriOd . (yr)------------_._--_..-:----~-....__.----_._._....~-_._.._._-------
1

2

:3

4

.5

• 6
7

8

9

10

11

12

13

14

15

61.0

30.5

20.3

15.2

12.2

10.2

8.7
7.6

6.8

6.1

5.6
5.1

4.7

4.4

4.1

320.6

518.5

245.1

193.1

127.5

55.8

10.2

23.8

31.8

10.4

:l0.8

9.5

LO
8.7

0.8

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

3.8

3.6

3.4

3.2

3.0

2.9

'1.8

2.6

2.5

2.44

2.26

2.18

2.10

.2.03

1.1

1.4

0.9

4.1

0.3

1.0

4.8
1.9

0.9

'2.7
...... ._--,----_,.-_. -J.. ~._._._._. .._••__• _

lwalysis of Vs.riance:

• Pedod 1

Period 1-2

I'eriod 1-3

Period 1-4

l'eriod 1-5

Period 1-6

Feriod 1-7

Period 1-20

df.

2

6

3

10

12

14

40

3m.s. (,eto )

160

210

181

160

140

122

105

40

Remainder

Remaind.er

Remainder

ReJ.l\sincer

Remainder

Rem.ainder

Remaillder

58

56

54

52

5'5

48

46

20

3
lll. Sc (:x10 )

22

14

10

6

4

J

3

1



TABL~ q FERIODOGRAM .t\NJJ.YS:rS OF SAJ.,MCN 't~S FO~ 1900,,.1252 m~SMOOT1:l1ID DATA

l'e.riod.~) .
. . •. Ot 31 .~eriod . (yr) .rnteneity.(%103)

Intentn.ty. 10. ...:
-._~,-_ ..--.--"'...........- .......-----

1 63.0 423.7 17 3.7 1.6

2 :31.5 619.0 18 3.5 5.9

3 21.0 2S4~9 19 3.3 3.6

4 15.8 160.2 20 3.2 4.9

• 5 12.6 159.5 21 3.0 5.0

6 10.5 48.1 22 2.. 9 6.9

1 9.0 45.6 23 2.1 11.8

8 7.9 46 .. 8 24 2.6 3.5

9 7.0 39.3 25 2.5 34~9

10 6.3 2.8 25 2.4 6.9

11 5.'1 51.8 27 2.3 1 '<l .
• .:J

12 5.2 23.2 28 2.25 24e2

. 13 4.8 15.5 2.9 2.17 7.5

14 4.5 27.7 30 2.10 1.2

15 4.2 17 .5 31 2.03 13.1

16 3.9 28.0
, .---.-. -~-----

e Analysis of va:iauce:

df.. m. a. (x103) df. m.8 .. (x103)

Period 1 2 212 Remainder..,- 60 28

Period 1,-2- 4 261 Remdndet' 58 18.

Pexiod 1.-3 6 216 Remaic.dei: S6 14

reriod 1.-4 8 182 Rem.ainder 54 12

Perioo. 1-5 10 162 Remainder 52 9

Per iod 1-6 12 139 RemaiD.dc1; 50 9

Psriod 1··7 14 122 Reuaindär 48 8

Pe-riod 1-20 40 49 Remainder 22 6



y.BL!uy' OBSERVED AUTOCORRELATIONS OF mim-roOTHED NORWEGIAN SALMON YIELD3.
1900--!S62 (n 10 63)

Lag (k) r
k

Lag (k) r k
Lag (lt) r

k
Lag (k) rh-

01. 0.7696 6 0.2088 11 0.0812 16 0.0257

2 0.6323 7 0.15100 12 0.0938 17 0.0036

3 0.4696 8 0.1020 13 0.0971 18 0.0571

4 0.3826 9 0.0573 14 0.0421 19 0.0352

e_ 5 0.3527 10 .0.0760. .15. .0.0298 20 0.0974
• u ._ •••
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TABU V ONE-YEAR-lllEAD FORECASTS OF SAL'!ON YI1!LDS !R.OM AR(l} l~ODE!. USDiG
p a O.ßO &~ P ~ O.~Oe ~\SK YE!~.; 1962

'reu Actual 'Forecaet Yß&I: Actual 'Forecast
. (tons} .P.~ .0080. ~i:• .0.90. (tons) :p ."':' :0 ..80 . p .~O_.9:)

1963 1270 1194 1237 1~70 644 828 826

1964 1410 1186 1228 1971 538 685 665

1.965 1221 1298 1354 1972 666 50G 569

1966 1094 116.6 1184 1973 626 703 684

• 1967 1095 1045 1070 1974 516 671 648

1968 857 1046 1070 1975 412 583 549

1969 823 856 856 1975. 368 500 456
-~-_ ......... - __.f ........ -_-__________..___-..-._ ..... 4'

"''''''''''-'' . -_...
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