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ABSTRACT

A rnodel proposed by Ottestad to explain tihe variation in annual Norwegcian
bag~-net catches of salnon is discussed. Alternative models are considered,

I‘xﬁSU‘lﬁ

On dis cute un nodele propoue par Otteutad pour e}pllqucr la variation des
‘prises annuelles de sawion faites par les Noruc;iens a la bache-trainante.
On considére d'sutres moddéles possibles.

INTRODUCRZICHN

A deterninistic mathematical model, consisting essentially of a nunber of
periodic terms, has been proposed by Cttestad (197%2a) to explain fluctuations
in the annual baz-net catches of salmon in Norway. Ottestad used data for the
period 1900 to 1962 to estimate tlie paremeters of his nedel and checked its
plausibility by extrapolating it to 197C and comparing the extrapolated values
with actual statistics for these 14 years. Tae apparent success of his model
in fitting the data led Ottestad to claim that the nmain cause of the observed
variation in annual salmon yield is natural fluctuvations in population size.

The usc of models to describe time series has “or lons occupled the attention

of nany statisticians nore particularly since the pioneering work of Yule (1927).
Certain serics have received considerable attention, notable among these being
Wolfer's series of sunspot nunberu -and the annrual trappings of the Canadian

1ynx (Lynx Canadensis Kerr). ’ ‘

The aims of time series model fitting are generally to:

(a) provide a satisfactory description of the nechanism by which. .
values of a series are generated;

(b) forecast future values,

both these aims clearly being of practical inportance. h
L .


funk-haas
Neuer Stempel


Despite this, successes in model Titting have unfortunately not becn ‘
commtensurate yith the great amount of effort that has, over the last fifty
years, been put into developing and applying teclhniques.

TYPES OF MODELS -

Time series models may be broadly classificd into the following types:

I Deterninistic - T, = u o+ £(t)
II Deterninistic and error Yt = (%) + €y
III Non—@gtermlnlstlc - Yt = u.f Zuj et-j
IV Mixed Yt = u -+ £t) + Zaj

et-—j .
vhere Y, is the valuc of the series at time t, (%) is an explicitly defined
mathematical function of t, u is the long term average value of the series,

P € etc are independent random variates with zero nmean and o, o, etc
are consgants. Each of these types may be sub-divided into further types.
Thus, within the non-deternministic types, there are autorepgressive (AR),
noving average (1IA) and mixed autoresressive noving average (ARIA) nodels.
These rodels are described in detail in numerous text books. TFor a simple
introductory account sce Kendall (1973). Other references are Anderson {1971),

Box and Jen'trins (1976) and Granger and Newbold (1977).

The nodel propoced by Ottestad for Woruegian bag-net catclies of szlmon
belongs to Type II above. He chose 7Tor f(t) a function conposed of the sun
of a nuaber of periodic (sinuscidal) terms of the type sin(2qut) and
cos(2qpt). lNormally when adopting this formulation it is necessary to
estinate both the nunber of terms to be included in £(t) and the values

of g , the frequencies, This may be done by Carrying out a periocdogram
analysic, a procedure vhichi talzes the periods of the terms which are

‘to be included in f(t) as intecral divisors of the available nurber of

terms of the series beins modelled, n say.. That is, only terms of the .
form . S

a cos(2q¢ jt/n) + bj sin(27 jt/n)

vhere j = 1, 2 cececesy n/2-1 (n even) or j =1, 2 vosenee,y (n=1)/2 (n odd)
are included. The attractions of this approach are that the naximum number
of terms to be included is automatically fixed and, vith the'reasonably
nild assunption that the error terms arc’normall% andaindep>ndently‘distri—
buted with constant variance, the quantifies n(a® + b7)/2 0 are distributed
as independent, central or non-ccntral x s each vith 2 degrees of freedom.
The statistical significance of these terms may, thercfore, be assessed

by means of a straightforward analysis of variance. : :

If £(t) is composed of terms
a()) cos(2at/A) + b(A) sin(2wt/A)

whose periods A may lie anywhere in the interval (2, ) and not merely at the
discrete points n/j (j =1, 2 veeeee. ) the number of terms is arbitrary and the
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advanteges of the statistical independence:of the x°s is also 1ost. ~Ottestad

dealt wita the first problem by postulating that. the periods of the constituent
terns of f(t) should be integral divisors of a fundamental period of 1ength
Lol8 ye irs,  ie should be a subsect.of the,values’ H048/j (3 =1, 2 veees 2024).

.8ince th: number of terms used in the series being modelled was 63, only -
values for vhich- 40O48/3j<63, ie for which j> 6k, could be‘included;- Ottestad
..-chose a set of 13 values for:j, namely 'j =71, 96, 120, 176, 231, 296, Zhly,

358, 363, 378, 405, 426 and 476 for consideration. - Ottestad's choice of

4 048 years for the fundamental period is based on his observation that the’

lengths: of cycles found by him'in an extensive study of -'biospheric' time: -
series.could -be regarded as integral divisors of this value.- 'The chosen

set of 1% values.for j is conjectural. His final model in?fact_dnlyiincludes
terms corresponding to 6 of these 13 values, the 6 chosen being selected by
carry .ng out a step-wise regression of yield on 26 regressors, each value of

-3 giving rise to both asine and cosine termss Ottestad included an additional

(27th): regressor, namely fishing effort as measured by the number of nets in
use, this regressor also.being significant. "The actual'alghlflcance levels,’
and, more particularly, the amount of variation exploined by each regresgor

in turn arc not quoted by Ottestad. Y ‘

Ottestad thus chose to consider a model in which fishing effort appearu as an
additive rather than a multiplicative variable. A multiplicative model, which
implies that the number of animals causht in a given time 1nterva1 is

-proportional to fishing effort as well as to absolute’ populatlon size, that

' 1u nore usual 1n flsh populatlon

is, that Y, = qetNt and hence that ¥ /e = th

dynamlcu._ L

N

ALTERNATIVE MODELu FOR uAIMON YIELDu _

Prlor to any model flttln" Otteutad umoothed his salmon catch data by taklng

three-p01nt equally weighted moving averagog.- That is, hlu'baulc series (Y;)

was transformed according to Z, = (Y )/30"No formal” justificdtion

for this choice of transformation is po 81bfe al%houﬂh srnoothing of this sort

has often becen employed by others. It does 1ntroduce effectu whlch uhould

be. tahen into. account in. vuboequcnt analyﬂlu. : S = ‘ -
. L N i ;r‘ R ..

A 11near regr0051on, carrled out bv the present author of these smoothed values

.on the annual number of bag-nets employed showved a olgnlficant association between

catch . and effort but only some 12% of. the total variability 'in catches was
explained by the associated variation in: fluhlng effort and, in the’ analyueo=
precented in thl sectlon, fluhlnG ellort is not 1ncluded

The reuulto of a perlodogram analyulu carrled out on the Z value“ for -

1901 to 1961 (n = 61) are-given in:Table I. This indicates that:the components

.of highest intensity:correspond to the.longer periods.-: That is, wost of the-

variability ('energy!)-is confined to the low frequency'end of. the spectrun.
The analysis of variance in Table.I.shows that the remainder mean: square has -
begun to level.off after the first olk periods (ie-the six frequencies: j/n,

3=y 2 eeasces 6) have been Titted. . These: periods are. from 10 to 61 .years °

in 1ength thosc. 'detected! by: Otteutad huv1n periods from 9% to 57 years- -
in lengthe . . . : P P A S
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A similar analysis carried out on the untransformed series, ie on the Y. values,

gave essentially the same results:(Table II).  Some 77% of.the total variation

_of the Yt series is .explained by the five longest periods. R i
‘Thus the periodograms of both the ¥, and %, scries show the presence of large o
energy at low frequencies and not much cneryy elscuhere. * Although the periodogran

_of a model consisting of sinusoidal components of. discrete. frequencies must-be
discontinuous by definition, a series vhich has a continuous spectrum but which

is only observed at discrete points in time can also only be estimated at

discrete frequencies. - The periodograms given in Tables I and II and wvhich are

shown graphically in:Figures 1 and 2 may therefore be regarded as cstimating

the spectra of time series vhich arc either discrete or continuous. Models

of type III have continuous spectra as distinct from those-of type II:wihich

arc essentially discrete. (The prescince of a random error temi vhose variance

is small compared .with that of the ‘series as a. whole produces a continuous - -
low-level of intensity at-all frequencies.) Different non-deterministic models

have their own characteristic spectra, that of a . simple first order auto-
regressive model ;{AR(1)) having the shape shown in Figure 3.: The similarity ! ‘
betucen this and that of the discretely estimated spectra of Figures 1 and’ :

2 is obvious. " o T

AUTOCORRELATION ANALYSIS OF SAIMON YIEIDS

Autocorrelation analysis as a method of analysing time series was first intro-
duced by Yule (1927) and. subsequently developed by rany others. The formal
link between the autocorrclation and spectral functions of tinc zeries was
first shown by Khintchine (1932%4). The basis of the method consists of
calculating the correlation coelficients of the values of the series with
thenselves lagged by different amounts. Thus the lith order autocorrelation
coefficient (r,) is the ordinary correclation coefficicnt calculated from the
(n~k) pairs of values (YP 10 Y1), (Yk+2’ Y2) ...’(Yﬁ, Y ). The correlogran
is .the pgraph if rk,againgé k. Differéfit nén-deterninistic nodels exhibit
- different correlograms.. . . - S .

The correlosrams up to lag 20 for the series 2, ard ¥, are given in Tables

IITI and IV and both show jocd agreement with the theoretical autocorrelations .
of an AR(1) nodel, althourh neither correlogram dies out completely, both

. showing a tendency for slight oscillation at high lags. - Hence, although

both the periodogram analyses and the autocorrelation analyses strongly supsest
that a suitable rcpresentation for. the-salmon. yields, smoothed or unsmoothed,
is given by an AR(1) process, it is perhaps visc at this stage not to regard -
this as the final model. The possibility. that a nodel of type IV may be

more appropriate is currently under investigation. For the present, however,
an AR(1). rodel appears to give a very good i?proximation,‘~5uch aprocess has
theorctical autocorrelations piven by p, = p , =1<p <1, The observed value -
of r, (which, for the Y, series, is given by 0.7696) nay-be used as an estimator
ofp but, although.a.consistent estimator it is.biased as shown by larriott’

and Pope (1954).  Correcting for bias gives an.estimated value bgp"bfiabout
0.80.. The large sample standard error of this estimate is {(1-r")/n}¥ = 0.076
and very. approximate 955 confidence limits forp are 0.65-0.95. The theorctical
corrclogran of an AR(1) process-with p = 0.00 is shown in Figure 4, along vith
the observed autocorrelations of the Y scries. The estimated value of pis
very closc to unity and shous that the scries is behaving rather like a random
wallk process where the value of the series at any time is equal to its previous
value plus a randor component.



FORECASTING SAIMON mes~

Ottestad used. h1u nodel to forocast salmon yields for each of the years 1963
to 1976, Durlng this period the yields fell fairly etoadily from = record
hirgh level of nearly 13000 tons to & value of less than 400 tons. Ottestad's
model predicted this downward trend very successfully.

‘For an AR(1) process thepredicted value h years ahead of a base ycar value

Y, is given by Y, . =u+p (Y = p). Sincelp] <1, as h increases the predicted
values steadily converpe to tlie long term avera:e of the series. TFor the
unsnosthed serics the average over the cstimation period 1900 to 1962 is

850 tons. Clearly, therefore, rredicted valucs many years beyond 1962 will
creatly overestimate the actual yields, vhich, by 1975, had alrecady fallen

to roughly half the long term averace. In rcality, of course, one would
normally forecast only one or two yecars ahead with an AR(1) process, continually
moving the base year ahead as new data come to hand. Table V shows onc year
ahead predictions using both p = 0.80 and p = 0.90. TForccasts made using

p = 1.0 would, of course, simply predict next year's value as being equal

to this yecar's.
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TABLE 1  PERTODGRAM ANALYSIS OF SALMCN YIELDS FOR 1900-1962 SMOOTYED BY
T 3-PT MOVING ATERAGE (n = 61} .

Pericd .(y¥]  Tuteséity GI0°) Period (yx)  .Imtemsity.(x10%)

1 61.0 329.6 18 2.8 5.6
2 30.5 518.5 17 3.6 ‘ 3.0
3 20.3 245.1 i8 3.4 1.1
4 15.2 193.1 19 3.2 \ 1.3
S 12.2 127.5 20 3.C 1.4
’ & 10.2 55.8 21 T 2.9 1.1
7 8.7 10.2 22 2.8 1.4
8 7.6 23.8 2 2.6 0.9
9 6.8 31.8 : 24 2.5 ' 4.1
10 6.1 10.4 25 2,44 0.3
11 5.6 20.8 26 2,35 | 1.0
12 5.1 9.5 27 2.26 4.8
13 4.7 1.0 28 2.18 1.8
i §.4 8.7 29 2,10 0.9
15 4.1 0.8 30 2,03 2.7

Analyais of Variance:

. af. m.8. (x103) arg, W8 (x1{)3)

Period 1 2 160 Remzinder b 22
Period 1-2 3 210 Remainder 56 14
Pariod 1-3 & 181 Remainder 54 10
Pariod 1-4 3 160 Remainder 52 6
Feriod 1-5 10 140 Remainder 56 4
Period 1-6 12 122 Remainder &3 3
Period 1~7 1 105 Remainder 46 3

1

Period 1-20 40 4G Remainder 20
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TABL‘E- 1Y FPERTODOGRAM ANALYSIS OF SALMCN YXELDS FOR 190061952 UNSMOCTEED DATA

Period (yr) | Tntemsity (x10°).; .  Reriod Gr) Tntensity .(z10”)
1 63.0 423.7 17 3.7 1.6
2 3.5 619.0 18 3.5 5.9
3 21.0 254.9 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
® 10.5 48.1 22 2.9 6.9
7 9.0 45.6 23 2.7 11.8
8 7.9 : 46.8 . |26 2.6 8.5
9 7.0 39.3 125 2.5 34.9
10 5.3 2.8 26 2.4 6.9
11 5.7 51.8 27 2.3 1.3
12 5.2 23.2 28 2.25 26.2
13 4.8 15.5 29 2.17 7.5
14 4.5 27.7 30 - 2.10 1.2
15 4.2 17.5 ) U 2,03 13.1
16 3.9 28.0
‘ Analysis of vaciance:
af.  m.a. (x10°) af. mes. (x107)
Peviod 1 2 212 Remainder-- 60 28
Pariod 12 4 261 Rgminder 58 18.
Period 1~3 & 216 Remgirdex 56 14
Period 1-4 8 182 Remaindexr 54 12
Period 1-5 10 162 Remsinder 52 9
Perisd 1-6 iz 139 Remainder 50 9
Period 1-7 14 122 Remainder 48 8
Period 1-20 40 49 Remainder 22 &



TABLE IIT OBSERVED AUTOCORRELA‘IXGN.: oF SMOOTEED NO‘WE(:IAH oALMO’.ﬂ YIELDS,
1800-1952 {a = §1}

tag (&) 1, Lag (s} - w Lag (k} T, Lag () X,
i 0.9017 6 0.2190 11 0.0992 16 0.0580
2 0.7509 7 0.1271 12 . 0,1150 17 0.0739
3 0.5860 8 ‘0.0654 13 0.1032 18 0.1035
4 0.4545 ) 0.0474 14 0.0728 1% 0.1292
5 0.3375 10 0.0653. . .15 .. 0.053% . 20 0.1572
TABLE IV  OBSERVED AUTOCORRELATIONS OF UKSMOOTHED NORWEGIAN SALMON YIELDS,
1900-1562 (n = 63}
Lag (k) T Tag (k} T, Lag (k&) T, Lag (k) T
1 0.7696 6 0.2088 11 . 6.0812 16 0.0257
2 0.6323 7 £.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
5 0.3527 10 8.0760 15 0.0298 . 20 0.0974




TABLE V  ONE-YFAP-ANFAD FORRCASTS OF SALMON YIELDS ZPROM AR(1) MODEL USING
19

p = 0,80 A o & G, %0, RASE WELRS

S
62

Year Actuél N Forecest Y%ar Actual Forecast
' (zons) P .=.0.80. . F =.0.90. ' (tons) P .=.0.80° F£.=0.9)

1963 127¢ 1124 1237 1270 ‘6éé 828 826
1964 1410 1186 . 1228 1971 538 835 6565
19265 1221 3238 135% 1972 566 50C 569
15866 1094 | 1146 1184 1923 626 703 684
1967 1095 1645 1070 1974 516 671 648
1948 857 1046 1070 1375 412 583 549

1969 823 8s6 856 1975 368 500 456
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