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ABSTRACT
AN INTRASEASON FORECASTING SYSTEM FOR COMMERCIAL MARINE FISHERIES

by Erik J. Barth

Chairperson of supervisory committee: Dr. Phillip R. Mundy
Department of Oceanography,
01ld Dominion University, 1984

The reliability of an intraseason yield estimation technique which
is commonly used by Pacific salmon harvest managers is evaluated for
applicability to a variety of commercial finfish and crustacean
fisheries. The estimation technique is known as the average timing or
the average performance model. The method is not easily related to
standard statistical models, but does shcw some similarity to both a
single paraineter linear regression model and the ratio estimator of
sampling theory. A comparison of these models, a two parameter linear
model, and a regression estimator is made to determine if the precision
of forecasts of performance can be improved.

Forecasts by all methods are calculated on each successive time
interval of the season. For a yield estimate by the average timing
estimator, the cumulative catch of the current year is divided by the
corresponding expected cumulative proportion of total yield. The time
series of expected proportions is calculated from historical data. The
linear model regresses annual yield on cumulative catch. Forecasts of

period catches, by similar methods, have also been presented. Use of
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the estimation techniques has been extended to other measures of fishery
performance, including catch per unit of effort (CPUE) data and
abundance data.

Stratification of historical data, performed on the basis of
statistical criteria, is used to select annual data series that have
patterns similar to the current year. Such stratification is dome in
conjunction with the ratio estimator.

Six different estimators of annual performance were applied to
fifty-six years of data from six different commercial fisheries. Two
methods of forecasting performance for each time interval within a
season were also used. The estimators were evaluated on the basis of
the mean absolute percentage deviation (MAPD); where percentage
deviation is the forecasting error expressed as a percentage of the
forecast.

A simple linear regression model of annual performance versus
cumulative performance for each time interval of the season proved to be
more accurate than all other methods. In general, estimates improve as
the season progresses but for all methods except the linear regression
model are unreliable prior to the midpoint of the season. The overall
precision of the linear regression forecasts are correlated with the
variability of annual performance. Fisheries which exhibit conservative
seasonal patterns of performance are well suited for this type of

forecasting regime.
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CHAPTER 1

INTRODUCTION

During the operation of a commercial fi’Sﬁery it is imperative that
a manager anticipate the timing (abundance per unit time) of the target
species in order to make timely harvest decisions. The simplest measure
of abundance for a fishery is catch, therefore forecasts of total annual
catch and period catches are critical to harvest management. In many
gituations this forecasting problem is treated in a subjective manner,
meaning that the forecasting process depends on the manager’s personal
judgement. However a branch of research which is directed at this
forecasting problem has evolved from the management procedures for
Pacific salmon harvests. A primary goal of the work is the objective
definition of the timing of a salmon fishery om the basis of catch and
fishing effort data (Vaughan 1954; Roberson and Fridgen 1974; Walters
and Buckingham 1975; Mundy 1979; Brannian 1982; Mundy 1982).

Accurate timing information can then be used to predict amnual
yields during the season. A typical forecast of annual yield is
calculated for each time interval by dividing the catch of the current
year to date by the corresponding expected cumulative proportion of
total yield. The time series of expected proportions, termed a time
density by Mundy (1979), is traditionally based on historical patterns
of catch and effort (Wright 1981; Mundy 1982). Another method used for

intraseason forecasts of yield involves the use of a simple linear
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regression of total yield on cumulative catch. This method will be
presented as a simple alternative to the timing model.

An unfortunate characteristic of the intraseason yield estimators
is that the error of estimation is inversely proportional to the
cumulative level of catch (Matylewich 1982; Mundy and Schaller 1983).
This means that both the error of estimation and the utility of the
forecasts decreases as the season progresses.

Guidelines for the developement of a forecasting system as
presented by Jenkins (1979) are in Table 1. The purpose of this study
is to discuss the application of these guidélines to intraseason
forecasting of commercial fisheries data. Specifically, this will
entail the evaluation of the average timing model, the linear regression
model, and two related sampling theory methods. The forecast methods
will be applied to time series of catches and CPUE from commercial
finfish and crustacean fisheries.

The relative importance of the methods is not necessarily
dependent on their ability to accurately forecast fishery statistics.
The desirable attribute of the forecasting system also includes the
capability to characterize the seasonality of a fishery and its data.
The use of these models forces a careful look at the intraseason
variability in the fisheries data and most importantly a logical search
for the sources of variability. Since the operations are relatively
simple, they are more understandable than a purely statistical procedure
such as modern time series analysis (Jenkins 1979), which seeks to
optimize statistical criteria. Unfortunately, typical time series
models have reached an amazing level of sophistication yet have not

greatly increased accuracy of forecasts (Beeston 1983). The sacrifice
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of the understanding and interest of the regulators and scientists who
are close to the data is not compensated for by the increased accuracy
or precision of the sophisticated models. For the commercial fishing
industry, a highly decentralized entity, it is important that simple,

effective alternatives are not ignored.

Table 1. Some guidelines for the developement of a forecasting system
(Jenkins 1979).

1. Analyze decision taking system served by forecasts

2. Define forecasts needed to serve decision taking system

3. Develop conceptual model describing mechanisms influencing forecasts
4. Define data available and not available

5. Develop method for generating forecasts

6. Conduct experiments to assess accuracy of forecasts

7. Determine how judgements are to be incorporated into forecasts

8. Implement forecasting system

9. Appraise retrospectively its effectiveness

Forecasting Fishery Dynamics

Forecasting fishery dynamics is a relatively new area of research
in commercial fisheries management. Consequently, forecasting methods
which have been developed for other industries are being investigated
for their applicability to fisheries data. To complement such research
intuitive forecasting techmiques which are currently used by fisheries
managers should be analyzed to assess their accuracy and to allow
comparisons with alternative methods.

Fishery dynamics is solely concerned with understanding the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



behavior of a time series of catch statistics. The goal of fishery
forecasting is to determine if accurate forecasts of catch statistics
can be based on historical patterns of catch statistics (Saila et al,
1980). This approach stands in direct contrast to traditional fisheries
research which has sought to model the dynamics of the population from
which catch has been removed.

Forecasting on the basis of historical data has brought research
into the realm of statistical analysis where the frequency of past
events is used to estimate the probability of future events. Such
methods of analysis are more familiar to the fisheries manager since his
evaluations of a regulatory situation are dependent on experience. In
effect, experience is a compilation of past events, a record of
historical performance, which is most useful for predicting future
events. Although statistical methods and a manager”s experience
function in the same manner, statistics have the advantage of being
quantifiable and reproducible. Statistics are calculated by an
established set of rules which are easily documentable.

Forecasting techniques used by managers need to be quantified.
The quantification may involve searching for statistical models which
fit the managers” ideas or simply the construction of a narrative of the
rules followed by managers. Not only do the methods need to be
documented but also the historical results. Fishery predictions have a
tendency to be forgotten when they are inaccurate, while they are
vividly recalled when accurate. The actual level of accuracy of such
predictions tends to become somewhat obscure as the years pass.

Annual yield is the most frequently forecasted catch statistic.

The time frame in which annual yields are forecasted will determine the
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nature of the forecasting process. In practice, annual yield is often
estimated as a function of past annual yields (Roff 1983; Kirkley et al
1982; Stocker and Hilborn 1981). Borrowing from the terminology of
business forecasting, these can be referred to as medium te long range
forecasts (Eby and 0"Neill 1977). A medium range forecast (pre-season)
is projected one year ahead whereas long term forecasts are projected
two or more years into the future. Such forecasts are desirable since
the adoption of extended jurisdiction by most nations has necessitated
international agreements on allocation of fisheries resources.
Successful allocations are dependent on accurate estimates of supply
(ie. yield).

Stocker and Hilborn (1981) offer a comparison of several methods
of medium term forecasting of catch per unit of effort (CPUE) data. A
drawback of predicting annual CPUE is that estimates of annual yield can
only be calculated by multiplying by corresponding predictions of annual
fishing effort. Ironically, annual effort is as troublesome to predict
as annual yield. Regardless of this difficulty, Stocker and Hilborn
(1981) provide one of the first attempts to evaluate fishery forecasting
techniques. The paper compares several methods which can be roughly
classified into three groups: stock-production models; simple
auto-regressive models; and time series models.

Stock-production models (eg. Schaefer 1954, 1957; Gulland 1961)
are products of classical fisheries research which rely on broad
assumptions concerning the reaction of a fish stock to fishing effort.
The theory of these models will not be covered, but there seems to be a
consensus in the literature that they are oversimplified and best suited

to long term forecasting (Saila et al 1980; Mendelssohn 1980).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



The autoregressive models relate the future levels of catch or
CPUE to the past values by simple numerical models. The two simple
models suggested by Stocker and Hilborn (1981) were of the form
Ct4+1=CPUE{ Ey43 and Ct+1=§. In words the forecast of next year”s catch
(Cy41) is this year”s catch per unit of effort (CPUE{) multiplied by
next year”s effort (Et+1) and a forecast of next year”s catch is an
average of all past year’s catc'hes. Roff (1983) posed a model similar
to the former; Cy,] was regressed on CPUE; E;,] and the following

predictive model was used:

Cetl = A + B CPUE; Egqg (1.1)

Where A and B are the regression coefficients calculated from historical
data. This autoregressive model was shown to predict catch comsistently
better than several forms of the stock production model.

The time series model proposed by Stocker and Hilborn (1981) was
very simple and only included as another alternative to stock production
models. Although the model did not perform well in relation to the
others tested, the authors felt that better model developement would
improve its results.

Perhaps due to the necessity of tailoring time series and multiple
regression models to individual fisheries, Stocker and Hilborn (1981)
omitted multiple regression models and failed to validate their time
series model. Multiple regression models seem to be ome of the more
cormon pre—season forecasting tools of fisheries mangagers, although the
results usually remain unpublished. The advantage of using these models

is that external factors such as climatic variables can be easily
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incorporated into a model. Unfortunately, generality is not achieved
without a great deal of cooperation from managing agencies of specific
fisheries.

Two important concepts are brought out in the work of Stocker and
Hilborn (1981) and Roff (1983): 1) there is a need for very simple
intuitive models by which the relative accuracy of more sophisticated
models can be judged; and 2) the analysis of catch scaled by effort
(CPUE) defeats the large varizbility in catch data. Although the latter
‘statement is valid, reliable measures of annual fishing effort are
difficult to obtain because of the seasonal nature of many fisheries.
As a simple example consider a salmon fishery in which the probability
of capture was approximately normally distributed throughout the season.
If one thousand gillnet hours are expended at the tails of the
migration, the annual catch would be much less than if the same effort
had been expended at the peak of the run. Similarly the CPUE would be
nuch less and would no longer be a proper index of amnual performance.
Two approaches to this problem are to improve the measurement of effort
or to analyze catch and effort data on a smaller time scale.

Improvement of measures of fishing effort has been a major area of
research in fisheries, yet logistic problems associated with compiling
and adjusting commercial effort data still are unavoidable. Therefore
it may be advisable to move towards short range forecasting and the use
of data recorded for time increments smaller than a year.

Short range forecasting may also be used to predict annual yield.
The models are developed for short time scale data and as each time
increment passes the most recent data can be incorporated into the

forecasting process, enabling increasingly accurate recalculation of
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annual forecasts on each time interval.

Empirical models for seasonal data are well developed in busimess
forecasting (Eby and 0°Neill 1977; Lewis 1982) and may be roughly
classed as either econometric or time series models. Of the two types,
only time series analysis has recieved much atteation in fisheries.
Recent papers by Saila et al (1980) and Mendelssohn (1980) present
applications of Box-Jenkins time series models to monthly fisheries
data.

The important aspects of the work of Saila et al (1980) are the
exclusive use of CPUE data and the comparison of time series results to
a relatively simple econometric model utilizing monthly averages of
CPUE. The monthly average (MA) model projected a time tremd in twelve
years of monthly CPUE data. The seasonal variability of the data was
accounted for by averaging residuals for each month for the twelve
years. Forecasts of monthly CPUE were calculated by predicting future
time periods by means of the regression line. The average residual for
the corresponding month was then added for the final estimate of monthly
CPUE. Annual forecasts were calculated as the sum of monthly forecasts.

The results of the MA model were then compared to an
auto-regressive integrated moving average (ARIMA) model fitted to the
same data. Saila et al (1980) concluded that the ARIMA model performed
better than the monthly average model. Although the average absolute
errors of monthly forecasts by the two methods for 1975 did not differ
greatly, (MA-23%; ARIMA-187), the forecasts of annual CPUE by the ARIMA
model were noticeably better (MA-22%; ARIMA-10%). Interestingly, Saila
et al (1980) made no attempt to relate CPUE values to actual values of

catch.
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In a recent study, by Mendelssohn (1980), which did forecast
monthly catches the average absolute error for twelve monthly catch
forecasts was over 100 percent. Mendelssohn (1980) examined the
relationship of monthly catch and effort for a Hawaiian skipjack tuna
fishery by means of detailed Box-Jenkins models. The goals of the study
were to forecast monthly catches, particularly during the summer months,
and to estimate annual yield. A univariate model of monthly catches
performed as well as transfer function models of catch and effort data.
Mendelssohn (1980) noted that the source of error in the transfer
function models was due to inability to predict monthly efforts
accurately. The inability to effectively forecast fishing effort in
Mendelssohn”s (1980) study and in general, in fisheries research, is not
surprising since effort is dependent on a varietyA of ill~-defined,
interacting economic and climatic factors and since many fisheries
operate under unlimited public access.

The alternative to effort estimation is short range forecasting
which is based, for the sake of simplicity, on incremental catch
statistics. Estimates of the precision of forecasts would necessarily
reflect the unknown variability due to effort but should also provide a
realistic range of expected yields.

The review of these recent papers provides a basis for techniques
to be used in research of shori-range forecasting in fisheries. Most
importantly, there is a need to describe and understand the seasonal
dynamics of the fishery. Information on the seasonal fishery dynamics
can then be used to forecast annual yield and period yields (ie. monthly
catch, weekly catch, etc.). In addition to the point estimates, methods

for examining their precision are necessary. The ability to update
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forecasts as new information accrues is also vital to the utility of an

intraseason forecasting process.

Intraseason Forecasting for Salmon Harvest Control

Forecasting approaches which fit these conditions have been
developed for Alasken salmon fisheries. The models rely on simple
principles and are based on historical patterns of catch and effort
(Wright 1981). The most basic intraseason forecasting models used by
salmon harvest managers is the timing model. The seasonal behavior of a
fishery is defined by a time series of percentage indexes describing the
expected proportion of harvest on a given time interval. The expected
proportion for a time interval is the fraction of the harvest which has
been historically taken on the time interval. The methodology has been
used to define the characteristics of salmon migrations and is often
referred to as “run timing”, or “entry pattern” (Mundy 1979). However
in a general sense such time series are only particular manifestations
resulting from the approximation of the underlying form of the time
distribution of abundance of the migration by the actions of the
fishery.

The method may be extended beyond fisheries which exclusively
target spawning migrations under the requirement that the annual
performance curves of the fishery display similar behavior from year to
year (Mundy 1983). When such is the case, forecasting on the basis of
average performance may be a useful harvest control technique regardless

of the dependency of harvests on the behavior of the target species, the
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harvesters, or both. The term “similar behavior” can be objectively
defined; however, the actual definition depends upon requirements of the
regulatory program.

Before the general case for performance curves can be considered,
the origin of the methods in the Alaskan salmon fisheries must be
understood. Early in the history of Alaskan salmon fisheries managers
evaluated their performance by comparing current annual yield to average
annual yield. When salmon stocks declined, managers realized that in
order to perpetuate the stocks they had to create a balance between fish
caught and those which escaped to spawn. The White Act (U.S.) of the
1920°s required an even division of the migration into catch and
escapement for all fisheries. During the 195078 this led to a
management policy which called for certain minimum escapements for each
river to be well distributed throughout the spawning season.

Contemporary control of salmon harvests retains the need for a
reference point by which to judge the progress towards harvest control
objectives, Average performance is a convenient reference of proven
durability. The current standard replaces the single data point, ie.
average annual yield, by a season long time series of average values of
catch and, when available, escapement. For example, if the time series
of escapement in the current year is below average and the catch series
is above average, then managers have good reasc;n to become concerned
about over—-harvesting. Another use of average performance information
is yield forecasting. As an example, in Bristol Bay, Alaska, July 4 has
been considered the mid-point of the sockeye salmon migration since at
least the 1930”°s, Catch plus escapement up to July 4 is often doubled

to produce a forecast of total sockeye returns for the year (Royce
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1965). It is upon this grossly defined, intuitively compelling approach
that empirical timing research seeks to build and improve.

In all migratory timing work it is assumed that the time of
arrival in the fishery is an inherited trait which is mediated by
exogenous factors. The expression of arrival behavior in commercial
catch data can be modulated by the time distribution of effort (Leggett
1977) as well as the time distribution of climatic factors. It must
also be assumed that interannual fishing behavior does not shift
dramatically. Fishing should not seriously affect the migratory timing
of future stocks by overexploiting any particular segment of migrating
spawning population.

Walters and Buckingham (1975) presented some of the first
considerations of this type of thinking and, unfortunately, concluded
that it was too coarse a method. Mundy (1982) published the first
thorough application of empirical migratory timing work. In doing so he
showed that useful information could be derived from historical
performances. He also introduced a standardization of methods by which
to operate.

The two primary objectives of migratory timing research are the
characterization of the distribution of fish through time and the
utilization of that knowledge for harvest control. Since catch is
approximately proportional to abundance, a distribution of catch
information is a reasonable reflection of the time of migration. The
daily proportion of total catch with respect to time has been called a
time density (Mundy 1979). The time density is an empirical probability
density function of the variable tj, the date of capture. The mean date

of capture and the variance of capture dates, T and sf, are used as the
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estimates of the mean date and the variance of the migration. These
provided convenient numerical representations of annual migrations which
can be correlated with external factors.

Average performance is expressed as the average cumulative
proportion of catch up to a given time increment. The dynamic estimator

which relates total yield to the average performance is:
A
Ne = Cp / Yq (1.2)

where,

A - - 3 3 3

Ny is the estimated annual yield on time interval t.
Ci is the cumulative catch on time interval t.

Yy is the average cumulative performance on time interval t, 0sY <l

Typically the estimates are poor early in the season and steadily
improve as the season progresses. Absolute percentage errors in early
estimates are usually in the range of 50% to 200%Z. By the mean date of
capture, errors of estimation may be in the 10%Z-507 range and the
corresponding cumulative catch at 40%-60%Z of the season total.

It is obvious from these generalizations that the yield estimator
frequently is less tham a spectacular forecasting tool. The past
success of the technique seems to be the subjective adjustment of
forecasts by the manager in response to perceived discrepancies between
the pattern of the current year's fishery and historic performance. It
is these types of adjustments which need to be quantified, but further
development can only occur after a full knowledge of the strengths and

limitations of the basic average timing model is attained.
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CHAPTER 2

INTRASEASON FORECAST METHODS

Intraseason Annual Forecasts

The object of this study is to determine if historical patterns of
commercial fisheries data are useful for forecasting future patterns.
The data falls into several categories: commercial catch; commercial
CPUE; and in one circumstance total estimated abundance. All data are
species specific. Each source of the data is referred to as a fishery
which ig defined by arbitrary boundaries in space and time.

In most cases the geographic region which is the source of the data
is a management area or statistical area. The length of the fishing
season is dependent on the distribution of catches through the year. As
an example, the critical segment a commercial sockeye fishery on the
Copper River delta, Alaska, extends from the middle of May to the middle
of July. Although commercial fishing continues into August, the pattern
of catches in this latter period are unrelated to that of the earlier
period. It is therefore more suitable to define the period from May 15
to July 15 as a separate season. The data are recorded by coded date,
ie. for the Copper River May 15 equals Day 1, for each year of record.

To simplify the explanation of the forecasting methods the data are
structured as an array with dimensions equal to the number of time

increments in the season (n) and the number of years in the data
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base (y). Also, since all methods relate directly to the cumulative

performance of the data the following conventions will be used:

catch on time interval i, year j.

C'(iﬁj)

c(i,j) = cumulative catch on time interval i, year j.

p'(i,j) = proportion of catch on time interval i, year j.
p(isj) = cumulative proportion of catch on time interval i, year j.

where 1 = lyeeesn j = lseeesys Each method will be described for catch
data but the same procedures are also followed for other data
categories.

The average timing model (ACP) which serves as a foundation for the
other models relates the cumulative performance of catch in the current
season to the average cumulative percentage performance in past seasons.

The estimator is as follows:

A

C(i»jdacp = c(isi) / p(i,sj-1) (2.1)
where,
A
C(i»jlacp = estimate of total catch for year j on time increment i

by the average cumulative proportion model.
p(i,j=1) = Average of cumulative proportions of catch on time
increment i for all years prior to year j.

An important comnsideration is the calculation of p(i,j-1) for the
initial portion of a season. The date on which fishing begins will vary
from year to year, consequently some time intervals will contain no
information. Therefore, note that average cumulative proportions are
arithmetic means of only nonzero cumulative

proportions (p(i,k) > 0, where k=l,...5j-1).
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Ratio (RAT) and regression (REG) estimators are methods used in
survey sampling statistics which are similar to the average timing
model. These estimators attempt to increase the precision of estimation
by taking advantage of the correlation of the variable in question with
another auxillary variate which is more fully known (Cochran 1977). A
full developement of Cochran's (1977) original equations for ratio and
regression estimators and their relatiomship to the forecasting problem
are in Appendix A.

The variable used in the forecasting problem is c'(i,j). If we
consider the time series of these values as a statistical population
then the value to be estimated is the population total C(j), or the sum
of ¢'(isj) for i=l to n. The basic concept of the ratio estimator is
frequently encountered in fisheries, especially in Petersen
mark-recapture population estimation. The ratio of average historical
total yield, C, to average historical cumulative catch at time i, &, is
the same as the ratio of this year's total catch, C, to the current

cumulative catch at time i, cje.

C C
oo o e - [ (2.23)
¢i i

0f course this year's total yield is the quantity of interest, so

solving Equation 2.2a for C, and subscripting in i and j.

A -
where,
¢(i,j-1) = average of cumulative catches on time increment i
for all years prior to year j.

C(j-1) = c(n,j-1) = average of total catches for all
years prior to year j.
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Note that Equation 2.2b is similar to Equation 2.1 in that average
cumulative catch on time interval i divided by average total catches is
approximately equal to the average cumulative proportion of catch on

time interval 1i.

[ &(i,3-1) / €(i-1) 1 = $(i,rj-1) (2.3)

Cochran (1977) states that the ratio estimator will work the best
when the relationship between c'(i,j) and &'(i, j-1) is linear and passes
through the origin. ZEssentially this means that the ratio of these two
variables is constant for each time interval. The premise is that the
ratio estimated by comparing cumulative catch to average cumulative
catch, c(i,j) / €(i,j~1), is an estimate of the population ratio,
c(j) / €(j-1). To put it simply, if the current catches are averaging
twenty percent higher than average historic catches up to some point in
the season then the forecasted total catch at that point would be twenty
percent higher than the average annual yield of past seasons.

In certain situations the regression of c'(i,j) on €'(i,j-1) will
not pass through the origin. If this is the case Cochran (1977)
suggests the use of a regression estimator (see Appendix A). The

estimate of population total by a regression estimator is as follows:

A -

C(is jIgpe = (W/i) [ c(i,3) - b*(i) &(i,sj=1) 1 + b*(i) C(j-1) (2.4)
where,

N = number of time increments in the season

br(i)

slope of the regression of c'(i,j) on &'(i,j~1) as of
time interval i.
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The final method relates the cumulative catch on a time interval to
the total yield for that season by simple linear regression (LIN). The

linear regression estimator is:
A . . .
C(is )y = a(i) + b(i) c(i,j) (2.5)

where a(i) and b(i) are the least squares estimators of the intercept
and slope of the regression of C(j) on c(i,j). Each time interval has a
regression line whose parameter estimates, a(i) and b(i), are calculated
from j~1 pairs of data. As the season progresses the coefficient of
determination of the regression lines steadily increases until reaching
one on the final time interval of the season since c(n,j) equals C(j).
Thus far the models underlying each of the estimators has not been
mentioned. The formal developement of the models corresponding to the
ratio and regression estimators is a rather technical subject and will
not be discussed. Such considerations for these models can be found in
Cochran (1977). A careful examination of the remaining methods reveals
that each could be expressed by first order linear regression models.

Formally stated the two basic models are:

Y(k) = B(i) X(i,k) + e(i,k) (2.6)
Y(k) = A(i) + B(i) X(i,k) + e(i,k) (2.7)
Where,
Y(k) = C(k) = annual yield on year k.

X(i,k) = c¢(i,k) = cumulative catch on time interval i year k.
€(i,k) = forecasting error on time interval i year j
kK =1lseees j'l

In either case the model is developed from a linear regression of
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annual catch on the cumulative catch for time interval i. Equations 2.6
and 2.7 correspond, respectively, to the ACP model and the LIN model.
The ACP model is posed as a regression through the origin., Where the
parameter, B(i), is the slope of the regression line and is estimated by
the quantity, [ 1 / $(i,j-1) 1. The slope parameter when estimated by

the least squares methods is;

j-1 j-1
b= )LCH ik 1 / Ec(i.k)z (2.8)
k=1 k=1

Forecasts using the parameter estimate of 2.8, will be referred to as
adjusted linear estimates (ADJ LIN).

In the linear regression model, Equation 2.7, the parameters, A(i)
and B(i), are estimated by least squares methods. A cursory examination
of these models seems to indicate that the LIN model will be more
appropriate early in a fishing season. Since a regression line of total
yield on cumulative catch will seldom pass through the origin until late

in the season.

Intraseason Period Forecasts

Projections of future catches for future fishing periods can be
derived from average performance information or by a variation of the
linear regression model. By the average performance model, period

forecasts could be:

0>

A
'(i.-i*m.j) s C(ioj)ACP f)"(i-fm.j-l) (2.9)
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where,

A . 3 . 3 [ - .
ct(i+m,j) = projection of catch for time increment i+m,
as calculated on time interval i.

number of time periods projected ahead.

m

However Eby and O'Neill (1977) suggest projecting only one time interval
ahead, and restricting the method to the use of cumulative proportiomns

in the following manner,

A
é(i+l,j)Acp = C(i,j)acp pPlitl,j-1) (2.10)
where,

Apsrq s s . ..
c(i+l,j)pcp = projection of cumulative catch for time increment
i+l, as calculated on increment i.

The estimated period catch is the projection of cumulative catch on time

increment i+l minus the the observed cumulative catch on increment i or,
A,,. . A,. . . .
c'(l+1'J)ACP PF = c(l+1.]) - c(l,J)o (2.11)

Eby and 0'Neill's (1977) method (Equation 2.11) is used to project
period catches by the average performance model.

Forecasts of cumulative catch on a future time interval can be
estimated by linear regression in the same manner as total yield. The

projection of period yield is derived from the following estimator:
A, . . . . s
c(itm,j)pry = a(i) + b(i) c(i, ) (2.12)

where a(i) and b(i) are derived from the regression of c(i+m,j) on
c(isj). Projections by this linear model were also only calculated for

the next time interval in the season, therefore m equals one and,
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Appeir s Apeir s . .
c (1+l.J)LIN PF = c(l+1,_‘]) - C(lo_’]) (2.13)

Assessment of Accuracy

Ultimately the accuracy of the estimators should be judged by their
ability to predict the value being forecasted. In the evaluation of
forecasts by Saila et al (1980) the criteria for judgement were the
residuals, [ C(j) - a(j) ], and a measure of the fit of the modeled data
to observed data. The latter is analogous to the coefficient of
determination in linear regression. In the described forecasting
process it is difficult to compare the effectiveness of models by these
criteria. Another statistic which is frequently used in business
forecasting is the absolute percentage error (APE). The residual,
€(i, j)» or in forecasting terminology, the forecasting error, is

expressed as a percentage of the observed value;

A
APE(i,3) /100 = | e(ind) | 7 C(3) = [ €(3) -c(i) | /7 €(3) (2.14)
where,
APE(i,j) = absolute value of the percentage error of the forecast

of annual yield on time increment i, year j.
forecasting error (residual)

e(i,3)

Roff (1983) used the mean absolute percentage error (MAPE) of
several years of forecasts to evaluate medium term forecasts of annual
yield. Although MAPE is a good indicator of the success of an
estimator, it can not be used to make approximate precision bounds on a

forecast. Therefore it is more informative to use a statistic which
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relates forecasting error as a percentage of the forecast instead of as
a percentage of the observed value. As such the mean absolute

percentage deviation can be defined as:

n
MAPD(i) = [ 100 / (n-1) ] 2 | e(ini) |/ G(i.j) (2.15)
=1

The interpretation of MAPD, like MAPE, is straightforward in that
smaller values indicate successful forecasts and large values indicate
inaccurate forecasts. Since the forecast models are usually judged on
their empirical performance, it is desirable to express the relative
error as statistics which are easily understood and which also allow
comparisons of accuracy between fisheries.

0f immediate interest is the relative accuracy of the estimators as
the fishing season progresses. The annual data sets for each fishery
were divided into two groups and the annual yield was forecasted for
each year in the recent group. The number of years to be forecasted was
calculated by taking the integer value that resulted from dividing the
total number of years in the data base by two. For example, if there
were twenty-one years of data, then the most recent ten years were
forecasted. Forecasts were based on data from all years prior to the
year being forecasted. For example, the tenth year was forecasted on
the basis of the previous nine years, the eleventh from the previous
ten, etc. A mean absolute pecentage deviation (MAPD) was then
calculated for each time interval of the season. The resulting time
series of relative errors will provide a important measure of the

utility of a forecasting method.
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The coefficients of variation of the average cumulative proportions
are also indicators of the precision of the ACP model as the season
progresses. The coefficient of variation, [ (s/p(i,j-1)) 100 ], can be
directly related to the absolute percentage error on a time interval by
analogy to Chebyshev's Inequality. First it is necessary to express the
absolute percentage error in terms of the expected cumulative
proportion, p(i»j-1)s and the observed cumulative proportiom, p(i,j).

From Equations 2.1 and 2.14:

APE(i,§)/100 = | ( c(i,i) / B(is3-1) ) ~C(3) | / c(j) (2.16)

Since C(j) = c(i»3) / p(isj)s

= (2.17)
100 C(i:j) / P(ioj) )
By Chebyshev's Inequality,
P( { P(ioj)3 l P(ioj) - ﬁ(ioj"l) I > ks } ) <f1/ kz:l (2.19)
Where,
s = standard deviation of p(i,k) for k = l,eess j-l.
Multiplying the inequality inside the brackets by [ 100/p(i,j-1) 1,
100 | p(i,s3) - p(i,nj-1) | 100 k.
P ( Py T ph > — = ) s [1/%1] (2.20)
p(irj-1) plisj-1)
P( APE(i,j) >k cv) <[ 1/%k2] (2.21)

or approximately, the probability that the absolute percentage error is
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greater than k times the coefficient of variation is less than 1/kZ.
For example, if k equals two and the CV equals 50 then the probability
that the absolute percentage error is greater than 100 is less tham or
equal to 0.25. If the p(i,j) are approximately normally distributed
then this probability would be closer to 0.05. Notice that these
inferences can not be extended to a forecast in future years umnless it
is assumed that the standard deviation of p(i,j) is approximately the
same as was calculated for past years.

Prediction intervals can be calculated for forecasts when they are
posed as linear regression estimates. Such prediction intervals are
more satisfactory as measures of precision since they are more
statistically appropriate. Consult standard regression texts for
interval formulas. The methods of Neter and Wasserman (1974) were
followed for this study.

MAPD's, MAPE's, CV's and the correlation coefficients of the
regression models will all serve as useful indicators of the accuracy of
both annual and period forecasts on a given time interval for a specific
fishery. An overall comparison of the methods which summarizes the
accuracy of each estimator for each fishery can be achieved by two
statistics, the MAPD of forecasts on the mean date of the fishing
season, and the MAPD of all forecasts made on or before the mean date.
The mean date of the fishing season is a standard reference point within
a fishing season which is frequently the half-way point for a season.
Intraseason forecasts are the most useful during the first half of a
season, therefore these measures of forecast accuracy for the early
portion of a season should be a good measure of a method's utility as a

forecasting tool.
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It would be informative to compare the results for intraseason
forecasts and for pre-season forecasts. But, unfortunately it was not
feasible to obtain pre-season forecasts from the management agencies.
As a simple alternative a five year moving average (MA) was used as a

pre-season estimate of annual performance,

j
C(j+1) = (1/5) Ecm (2.22)
k=j-4

Incorporation of Judgements

The phrase 'incorporation of judgements' can take many meanings in
a forecasting problem; judgement may entail complex adaptive forecasting
techniques or common sense adjustments of the data. The methocds
presented here will take the latter approach. The methods will be
rather simple practices which selectively restrict the set of historical
data used to estimate model parameters.

Upon first inspection of the data base atypical fishing seasons
should be isolated. If a clear reason for the aberrant behavior can be
found it may be wise to exclude that year of data., Typical causes of
abnormal fishing seasons include protracted strikes and natural
disasters. However, in fisheries where strikes or other unusual events
are not that unusual it may be advisable to include atypical data sets
in the analysis.

Each of the methods is dependent on the similarity of the time
distribution of the catches in the current year to the catch

distributions of past years. As an extreme example, if the catches for
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a fishery are identically distributed for every year then the
regressions of c'(i,j) on €(i,j-1) as well as C(j) on c(i,j) will be
perfectly linear. Forecasts using this data would be perfect regardless
of the method. However, in reality patterns of catch vary a great deal,
and the problem then becomes the resolution of systematic variability.

It may be possible in some fisheries to isolate characteristic
patterns of catch which can be used to increase forecasting accuracy.
Such a procedure is contingent on the ability to correctly determine the
type of pattern to be used during the forecast year.

Patterns can be isolated by stratifying the data base so that years
of data with similar distributions are grouped together. Mundy and
Schaller (1983) showed that seasonal patterns of daily chinook salmon
catch in the Yukon River are very dependent on factors related to spring
air temperature at Nome, Alaska. They were able to stratify a
twenty-three year data set into three categories, cool year patterns,
warm year patterns, and average year patterns. In doing so they were
able to reduce forecast errors by the ACP model. Results of forecasts
made under their stratifications will be presented and compared to
forecasts based on unstratified data. The key to this type of
stratification is the identification of a factor which is a consistent
covariate of each characteristic distribution of catches and can be
measured before a season begins.

An additional method of stratification which is based on the
statistical behavior of the data has been tested in conjunction with the
ratio estimator. The theory of the ratio estimator holds that if the
relationship between c'(i,j) and &€'(i,j) ie linear the method will be

more successful. For this reason if the average cumulative catches are
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calculated from the years of data which individually correlate well with
the catches in the forecast year then the forecasts may improve.
Forecasts by this method will be referred to as censored ratio estimates
(CR).

A coefficient of correlation was calculated between the current
year's catches, up to time interval i, and each of the corresponding
series of catches for past years. If the correlation coefficient
exceeded 0.8 then the data from that year was included in the
calculation of &(i,j-1) and C(j-1). Preliminary testing showed that
data from a single past year did not necessarily provide a good basis
for forecasts, regardless of correlation. Therefore, an average of
several well correlated years was tested in an attempt to improve the
forecasting performance of the censored ratio estimator.

Since a useful coefficient of correlation can only be derived after
enough time intervals have accrued to provide a sufficient sample size,
the following criterion of inclusion was used during the initial time
periods of a season. The standard deviation of catches on a given time
interval was calculated for all of the years included in the forecast
procedure. If the catch of a past year was within one standard
deviation of the catch on the same interval in the current year then the
data from that year was included in the calculation of &(i;j-1) and

C(3-1).
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CHAPTER 3

FORECAST RESULTS

The forecasting system has been tested for over sixty years of
fisheries data from six commercial fisheries which span the globe. The
forecasted dataz included: chinook salmon (Oncorhynchus tschawytsha)
catch data from the Yukon River, Alaska; sockeye salmon (Q. nerka)
abundance data from Bristol Bay, Alaska; sockeye salmon catch data from
Copper River, Alaska; sockeye salmon catch and CPUE data from Lynn
Canal, Alaska; rock lobster (Jasus edwardsii) CPUE data from Gisborne,
New Zealand; blue crab (Callipectes sapidus) catch data from Virginia,
USA.

Because there are many years of forecasts it is not feasible to
present the results for each individual year. However, the application
of the forecast estimators to the 1983 Yukon River chinook season will
be partially worked through as a demonstration of typical annual
results.

The Yukon chinook salmon data set was obtained from the Alaska
Department of Fish and Game (ADF&G). Initially, the unstratified data
for the years, 1961-1982, was used for the forecasts of 1983 catch data.
In 1983, no catches were reported during the first three intervals of
the season, therefore no forecasts were made. Forecasting was initiated
on the fourth interval; the recorded catch was 22,292 fish

(see Table 2).
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Each of the six forecasts of annual yield for the fourth time

interval were calculated as follows:

3(4.1983)Acp =[ 1/p(4,1982) 1 c(4,1983)
=[ 1/.164 1 22,292
= 135,901
3(4.1983)RAT [ C(1982) / &(4,1982) 1 c(4,1983)

[ 75,385 / 13,522 ] 22,292
124,278

For the censored ratio estimator only two years had catches on time
interval four which were within one standard deviation of the 22,292
fish., The years 1969 and 1981 were selected.

[ C(1982)gg / &(4,1982)cg 1 c(4,1983)

[ 85,251 / 17,917 1 22,292
106,068

A
€(4,1983)¢cr

A -
C(4,1983)gge = N/i [ ¢(4,1983) - b*(4) &(4,1982) ] + b'(4) C(4,1982)
15/4 [ 22,292 - (3.4261) 13,522 1 + (3.4261) 75,385
168,142

a(4) + b(4) c(4,1983)
67,085 + (.6314) 22,292
81,159

A
C(4,1983)11y

b(4) c(4,1983)
(2.9990) 22,292
66,850

A
C(4,1983)apy LIN

Note that the catch of 22,292 fish was the highest ever recorded
on the fourth time interval. Based on this information a manager
probably would discount the adjusted linear estimate as being too low.
Notice also that the average timing (ACP), ratio (RAT) and regression
(REG) estimates are very high in regard to the historic average of

72,196 fish (Tables 2 and 5). Even though the actual catch was very
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Table 3.

Censored Ratio (CR);
Regression through origin (ADJ LIN); Average timing period forecast (ACP PF);
Linear regression period forecast (LIN PF).

Yukon River chimook salmon catch forecasts for 1983,

was 95,061 fish. Average timing (ACP);
Regression estimator (REG);

31

Observed yield

Ratio estimator (RAT);
Linear Regression (LIN);

Time ADJ ACP* LIN*
Int (i, j) ACP  RAT CR  REG LIN LIN PF  ACP
4 22292 135901 124276 106068 168138 81159 66850 10990 12948
5 34970 142740 129794 95351 137052 81378 73264 16147 10303
6% 63639 177708 165083 166910 166961 89109 109744 28664 11731
7 76280 146862 140207 114143 140177 89269 111469 24068 6400
8 80978 118519 115835 98388 122724 89015 104970 15301 —-—
9 80978 99681 98793 87651 106239 86407 94456 10043 2993
10 85802 93965 93256 87308 99489 88874 92104 4211 10733
11 90492 93413 93140 --- 98088 91500 92805 1038 706
12 91802 93066 92906 92539 95792 92125 92760 658 87
13 93058 93668 93609 93496 95451 93286 93554 333 78
14 94429 94709 94692 94586 95641 94578 93554 281 149
15 95061 95061 95061 95061 95061 95061 95061 -— -—
Years selected for the censored ratio estimatesk**

O 00~ O

10
12
13
14
15

1969, 1981
1962(.86), 1963(.83), 1968(.83), 1969(.98), 1970(.99), 1974(.91), 1979(.9)
1962(.89), 1963(.81), 1965(.82), 1970(.87), 1973(.89), 1974(.9), 1975(.84)

1963(.81), 1973(.81), 1974(.88)

1974(.87)
1974(.83)
1974(.83)
1974(.81)
1974(.81)
1974(.82)
1974(.82)

* Observed period catches are in Table 2.

*%

Mean Date

*%* Number in parentheses is the correlation coefficient between 1983 period
catches to date and the corresponding catches from the selected year.
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Table 4., Yukon River chinook salmon catch forecast results for 1983.

Observed yield was 95,061 fish. Each column represents the
percentage deviation of the forecast on that interval. Average timing (ACP);
Ratio estimator (RAT); Censored Ratio (CR); Regression estimator (REG);
Linear Regression (LIN); Regression through origin (ADJ LIN); Average timing
period forecast (ACP PF); Linear regression period forecast (LIN PF).

Time ADJ  ACP*  LIN®
Int  p(i»j) ACP RAT CR REG LIN LIN PF ACP
4 0.24 =301 -23.5 -10.4 -43.5 17.1 42.2 15.4 ~-2,1
5 037 -33.4 -26.8 -0.3 -30.6 16.8 29.8 77.6 178.3
6%k 0.67 <~46.5 -42.4 -43.1 -43.1 6.7 -13.4 -55.9 7.8
7 0.80 -35.3 -32.2 ~-16.7 -32.2 6.5 =147 -80.5 -26.6
8 0.85 -19.8 -17.9 -3.4 =22,5 6.8 -9.4 -100.0 -100.0
9 0.85 -4.6 3.9 8.5 ~-10.5 10.0 0.6 =-52.0 61.2
10 0.90 1.2 1.9 8.9  -4.5 7.0 3.2 -10.2 128.9
11 0.95 1.8 2.1 — -3.1 3.9 2.4 ~20.7 85.4
12 0.97 2.1 2.3 2,7 0.8 3.2 2.5 91.0 1340.8
13 0.98 1.5 1.6 1.7  -0.4 1.9 1.6 311,7 1649.5
14 0.99 0.4 0.4 0.5 -0.6 0.5 0.4 125.1 321.8
15 1.00 0.0 0.0 0.0 0.0 -0.0 -0.0 0.0 0.0

MAPD up to mean 36.7 30.9 21.7 39.1 13.5 28.4 54.5 62.7

Years selected for the censored ratio estimates**

1969, 1981

1962(2.1), 1963(-.1), 1968(.1), 1969(-.4), 1970(5.5), 1974(-.3), 1979(-.3)
1962(2.6)s 1963(.2), 1965(.7), 1970(2.8), 1973(0.7), 1974(-.1), 1975(15.7)
1963(.3), 1973(.4), 1974(0.0)

1974(.04)

1974(~.08)

1974(-.08)

12 1974(-.03)

13 1974(-.02)

14 1974(-.00)

15 1974(0.00)

—
© 0~ L

* Observed period catches are in Table 2.
*% Mean Date
*ik Number in parentheses is the error, (PE/100), if the selected year was
used as basis for a ratio estimate.
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high, these estimates would be suspect since the maximum harvest over
the time period 1961-1983 was 104,335. The only reasonable estimates
were made by the censored ratio estimator (CR) and the linear regression
estimator (LIN).
The period forecasts for time interval five are as follows:
¢1(5,1983) = [ §(5,1982) 3(4.1983)Acp 1 - c(4,1983)

[ (.2449) 135,901 1 - 222,292
10,990

1(5,1983)

[ a(4) + b(4) c(4,1983) 1 - c(4,1983)
[ 4897 + (1.3612) 22,292 1 - 22,292
12,948

A review of the remainder of period forecasts in 1983 reveals that the
forecasts made on time interval four were uncharacteristically accurate
(Table 4).

Further examination of 1983 results reveals the characteristic
error patterns of the different estimators (Tables 3 and 4). In
particular the errors of the average timing, ratio and regression
estimators are very similar in that they tend to be large and variable
at the outset of the season while decreasing as the season progresses.
The censored ratio estimates often behave in the same manner, but in
some cases errors are drastically reduced [ 8(5.1983) ] and in other
cases the errors are greater than or equal to the ratio and average
timing estimates [ 3(6.1983) J. The adjusted linear estimator is also
similar in patterns of absolute error but surprisingly is mnot well
correlated with the average timing estimator. The linear regression
forecasts follow the same error pattern, but usually have lower errors
relative to the other estimates.

Similar observations are evident in the summarization of the
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forecasting system for the last eleven chinook seasons on the Yukon
River (Table 5). As indicated the linear regression estimates proved to
be the most reliable. In all criteria it surpassed the other
estimators. An average absolute percentage deviation (MAPD) for all
forecasts prior to the mean date for the eleven years was only 14.5
percent. The rest of the estimators averaged greater tham 50 percent.
For forecasts made on the mean date the MAPD for the linear model was 13
percent and for the others greater than 20 percent. Notice also that
the five-year moving average of annual yields provided, on the average,
a better estimate (19%) than all models except the linear regression
(147) .

As mentioned in chapter two, stratification of the Yukon data base
by spring air temperature was used by Mundy and Schaller (1983) to
reduce forecasting error. The stratifications are as follows: cool
years, 1964, 1971, 1972, 1975, 1976, 1977, 1982; average years, 1961,
1962, 1963, 1968, 1970, 1973; warm years, 1965, 1967, 1969, 1974, 1978,
1979, 1980, 1981, 1983. For 1983, using data from the warm
stratification, the MAPD of forecasts, by the ACP estimator, on or
before the mean date was reduced to 22%7 (error from unstratified data
was 37%, see Table 4). Overall the average error of forecasts was
reduced by using these stratifications (Table 6). As an example, the
MAPD for the average timing model was reduced by more than half (
unstrat. 1457, Table 5; strat 64%Z, Table 6). However, the linear
regression model using either unstratified or stratified data still
performed better than the other models. The MAPD up to the mean date
for the linear model increased slightly to 16.3 percent and the MAPD at

the mean date decreased to 12.1 percent.
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Table 5. Summarization of the forecasting results for unstratified chinook
salmon catch data from the Yukon River, Alaska, 1973~1983,

Time ADY ACP LIN
Int* 5(i,j)** ACP RAT CR REG LIN LIN PF PF

MEAN ABSOLUTE PERCENTAGE DEVIATION

1 1.5 496.4 535.8 95.3 —_ 4.1 — — 472 .4
2 5.5 267.5 32.0 2.1 — 13.3 101.1 420.5 84.3
3 9.2 105.1 117.6 64.1 71.0 15.9 208.4 118.2 1.7
4 16.4 56.5 60.3 44.8 66.8 19.4 S5 111.8 60.2
5 24.5 60.0 62.0 35.3 55.1 14.8 105.2 63.3 100.1
6 35.8 263.,5 199,1 125.5 192.0 12,7 .8 170.4 53.8
7 5§1.9 126.9 130.2 88.7 144.7 11.7 68.8 191.9 35.2
8 68.3 37.9 38.1 15.1 64.4 11.6 38.8 98.6 39.6
9 81.2 21.2 21.1 18.8 45.9 12.6 20.8 123, 53.9
10 91.3 8.2 8.4 8.8 25.5 6.4 8.7 138.6 8.7
11 96.9 2.6 2.8 3.0 12,0 2.1 3.1 1.5 89.5
12 98.6 1.6 1.7 2.4 7.4 1.3 1.9 161.0 74.9
13 99.3 0.7 0.8 1.0 3.7 0.6 0.8 211.5 85.3
14 99.7 0.3 0.3 0.3 1.5 0.3 0.3 117.3 122.4
15 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0
sp(i,5)** STANDARD DEVIATION OF MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.7 0.0 0.0 0.0 — 0.0 —_ — 0.0
2 6.1 450.3 18.4 0.0 —— 8.4 73.0 348.9 69.1
3 10.1 108.2 126.1 0.0 73.8 10.2 216.3 79. 53.7
4 15.7 41,2 . 0.0 75.1 9.0 151.4 169.0 58.5
5 22.4 73.4 85, 29.6 65.7 8.7 177.9 90.9 57.3
6 25.7 382.,2 333.5 155.5 319.1 10,2 45.9 243.3 35.4
7 25,7 231,5 241.4 189.8 259.3 9.3 104.8 270.2 22.0
8 19.7 45.5 47.2 19.8 78.2 8.1 57.5 74.2 33.0
9 15.4 22,2 22.7 19.7 4.9 7.2 26.3 97.2 33.8
10 7.7 10.5 0.7 10.5 23.8 5.8 11.2  157.1 50.8
11 3.2 2.2 2.2 3.1 8.7 1.5 2.3 3.8 120.1
12 1.5 1.5 1.5 1.4 5.8 1.1 1.5 261.4 90.4
13 0.7 0.6 0.6 0.6 3.4 0.6 0.6 242.0 73.2
14 0.4 0.4 0.4 0.2 1.5 0.4 0.4 183.1 149.9
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 72,195 S.D. of Yields: 17,020
Grand Mean Date: 7.3 S.D. of Mean Dates: 1.6
MAPD for 5 Yr MA Estimates: 19.9 S.D. of 5 Yr MA MAPD: 14.9
Relative Error Summary Statisiics: Up to Mean Date At Mean Date
MAPD JD. MAPD S.D.
Average Timing (ACP) 145.9 119.8 33.1 17.5
Ratio Estimator (RAT) 124.4 102.2 31.6 16.4
Censored Ratio (CR) 62.4 65.5 23.6 15.9
Regression Estimator (REG) 123.9 124.3 42.4 19.9
Linear Regression (LIN) 14.5 7.7 13.3 8.1
LIN 'I‘h.rouih Origin (ADJ LIN) 99.1 62.2 21.1 11.3
ACP ¢’ (i+l,j) — (ACP PF) 157.4 104.7 106.8 160.0
LIN ¢’(itl,3) - (LIN FF) 72.0 28.7 76.7 73.5

*# Catch data is grou;ied in 3 day intervals — Intervai 1 starts June 1
** Calculated from all years of record, 1961-1982
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Table 6. Summarization of forecasting
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results for temperature—stratified

chinook salmon catch data from the Yukon River, Alaska, 1973-1983.

Time
Int* 5(i,j)** ACP  RAT CR

ADY ACP LIN
REG LIN LIN PF PF

MEAN ABSOLUTE PERCENTAGE DEVIATION

1 1.5 — — 886.3
2 5.5 48.4 52.0 43.1
3 9.2 161.2 175.6 9.3
4 16.4 96.9  96.8 7.3
5 24.5 90.8 87.5 84.8
6 35.8 22.1 21.4 25.4
7 51.9 33.8 32.7 16.4
8 68.3 14.3 14.3 16.5
9 81.2 8.6 8.7 14.3
10 91.3 5.8 5.8 7.5
11 96.9 2.7 2.8 4.2
12 98.6 1.7 1.7 2.3
13 99.3 0.8 0.8 1.1
14 99,7 0.4 0.4 0.4
15 100.0 0.0 0.0 0.0
Sp(i,j)**  STANDARD DEVIATION

1 1.7 — — 0.0
2 6.1 58.1 69.6 0.0
3 10.1 237.6 260.8 0.0
4 15.7 135.3 135.8 0.0
S 22.4 170.6 156.3 156.0
6 25.7 23.2 23.5 23.1
7 25.7 59.7 57.4 23.4
8 19.7 22.2 20.5 19.4
9 15.4 11.9 10.7 12.1
10 1.7 6.4 6.8 10.9
11 3.2 1.4 1.6 2.5
12 1.5 1.2 1.2 1.2
13 0.7 0.5 0.5 0.6
14 0.4 0.3 0.3 0.2
15 0.0 0.0 0.0 0.0

—_— 12.5 — 555.2 0.0
—_— 14.5 98.2 255.0 64.9
148.2 18.3 148.7 104.7 51.0
96.9 21.2 124.5 124.8 48.4
93.6 17.3 137.9 70.0 131.0
34.9 15.8 27.8 52.1 5.1
60.1 9.4 41.3 71.7 47.7
34.9 8.6 13.4 55.3 43.7
32.7 11.3 8.6 61.0 46.6
21.1 4.9 S.7 81.9 78.
10.5 3.5 2.7 143.6 141.4
5.8 1.3 1.6 102.2 173.4
3.2 0.8 0.8 182.9 221.5
1.3 0.6 0.4 262.1 276.6
0.0 0.0 0.0 .0 0.0
OF MEAN ABSOLUTE PERCENTAGE DEVIATION
_— 0.0 — 0.0 0.0
- 7.9 67. 414.2 36.8
215.1 10.6 220.9 95.1 41.8
133.0 9.0 192.4 169.1 3.
132.8 10.0 292, 69.4 217.9
33.2 12.1 23.1 33.4 29.
86.8 11.9 81.6 42,9 28.5
30.6 13.2 24.6 34.2 34.0
36. 16.1 10.7 29.3 41.2
20.5 5.4 7.3 60.6 57.8
9.2 4.2 2.0 190.4 251.7
4.1 1.2 1.4 121.4 259.3
2.2 0.6 0.5 233.5 284.1
1.0 0.5 0.2 325.3 288.0
0.0 0.0 0.0 0.0 0.0

Average Yield: 72,196
Grand Mean Date: 7.3
MAPD for 5 Yr MA Estimates: 19.8

Relative Error Summary Statistics:

Average Timing (ACP)
Ratio Estimator (RAT)
Censored Ratio (CR)
Regression Estimator (REG)
Linear Regression (LIN)

LIN Throuih Origin (ADY LIN)
ACP c'§i+ »j) — (ACP PF)
LIN c¢'(i+1,j) — (LIN PF)

S.D. of Yields: 17,020
S.D. of Mean Dates: 1.6
S.D. of 5 Yr MA MAPD: 11.7

Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
64.4 63.4 16.3 11.3
65.6 64.3 16.7 11.0
48.7 58.3 14.3 11,1
68.9 72.6 8.5 28.5
16.3 10. 12.1 15.6
79.0 87.1 14.9 9.6
95.9 81.6 74.5 55.8
69.2 51.9 127.0 218.2

* Catch datea is grouped in three day intervals — Interval 1 begins Jume 1
*¢ Calculated from all years of record, 1961-1982
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Figure 1. Behavior of the predictive regression lines
for the linear model (LIN) for the Yukon River
chinook fishery, calculated from catch data
for the years, 1961-1982 (t=1; r2=.17, t=3;
r2=,37, t=5; r2=.47, t=7; r2=.52, t=9; r2=.65,
t=11; r2=.98)
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Figure 2. Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([0), the censored ratio estimator
(0), and the five year moving average (—).
Calculated from Yukon River stratified chinook
catch forecasts for the years, 1973-1983
(Table 6).
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The series of regression lines used for the 1983 estimates are
plotted in Figure 1. The linearity of the relation between the
cumulative catches and annual yields increases as the season progresses
and is reflected in the increasing correlation coefficients (see Figure
1).

A

A 95% prediction interval for C(4,1983)y1y by standard methods is
(55806,106754). The observed yield, 95,061, is within the interval.

Bristol Bay sockeye salmon abundance data was derived by adding
commercial catches and lagged escapement counts (Mundy 1979). The
annual data which was not published was obtained from Phil Mundy
(personal communication). The total annual abundances for the years,
1956~1975, had the highest variability of any of the fisheries data
investigated. The coefficient of variation for total abundances was 75.
In comparison, the CV for the Yukon annual yield data was only 19.

The errors of estimation were also large. For all estimators of
annual abundance the MAPD of forecasts on or before the mean date
exceeded 50 percent (Table 7); the lowest MAPD was achieved by the
linear regression model (52%). For forecasts on the mean date the
censored ratio estimate had the smallest MAPD (27.6%). Period
forecasting errors were high by both the linear regression and the
average timing methods.

Sockeye salmon catch data from the Copper River was obtained from
ADF&G for the years, 1969-1983. Two years of data, 1979 and 1980, were
excluded from the forecasting procedures due to extended closures of the
fishing area.

Annual yields were variable (CV=50). The adjusted linear model

had the lowest MAPD up to the mean date (19.9%) and the lowest MAPD at
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the mean date (12.8%). The average errors by the rest of the estimators
were comparable to the ADJ LIN model (Table 8). Notice that the
coefficient of determination for the LIN model on the first time
interval was only 0.0l and that the average error on that interval was
greater than 50% (Table 8, Fig. 5). By the third interval rZ = 0.70 and
the MAPD had been cut in half (21Z). The period forecasts were again
inaccurate (LIN PF - 61%, ACP PF - 51%).

Lynn Canal sockeye salmon catch and CPUE data for 1969-1981 were
obtained from ADF&G. 1975 data was excluded because of an extended
closure. Both annual catch and total CPUE were variable during the
years forecasted; the coefficients of variation are respectively 41 and
26.

The Lynn Canal fishery was investigated in order to see if there
was any significant increase in accuracy when working with CPUE data.
As seen in Tables 9 and 10, forecasts of annual CPUE were slightly
better than for annual yield. The LIN estimator performed much better
on the average than the other estimatorss but still error averaged 40%
for annual yield and 30% for annual CPUE (Tables 9 and 10). In the
early portion of the season the CV's for p(i,j) were very high and the
r2 were very low (Tables 9 and 10, Figs. 7 and 9). Notice that in both
cases a five-year moving average estimate was better than any of the
estimates.

Monthly lobster CPUE data from the Gisborne area, New Zealand is
from Saila et al (1980). The data has been rearranged so that the
annual cycle -begins in June, which has been described as the start of
the season by Annala (1981).

The annual CPUE data was very stable over the six years
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Table 7. Summarization of the forecasting results for sockeye salmon total
gbundance data from Bristol Bay, Alaska, 1966-1975.
Time ADY ACP LIN
Int* 5(i,j)** ACP RAT R REG LIN LIN PF PF
MEAN ABSOLUTE PERCENTAGE DEVIATION

1 0.0 226.1 130.2 83.0 —_ 80.5 250.6 80.9 92.9
2 0.0 127,1 179.7 235.9 — 53.8 290.4 254.3 80.9
3 0.2 98.4 94.2 178.8 110.0 58.4 145.7 99,7 83.8
4 8.6 109.0 94. 71.1 84.4 44.4 128.0 58.6 46.3
5 20.1 79.7 76.5 17.7 74.1 44.6 96.8 52.7 41.6
6 40.2 52.4 52.6 50.1 51.5 44.7 53.2 48.9 37.1
7 60.6 32.7 34.5 27.4 37.3 36.7 33.3 50.0 51.8
8 17.4 20,4 22.5 13.7 27.5 25.7 22.1 77.7 74.5
9 88.5 9.4 11.5 6.2 15.2 11.0 12.2 75.6 77.2
10 94,7 4.2 4.9 3.0 9.7 5.2 5.4 86.8 83.8
11 97.8 1.7 1.7 1.5 7.5 1.9 1.9 11.6 87.4
12 99.3 0.5 0.4 0.2 5.3 0.7 0.4 50.4 53.2
13 99.9 0.2 0.2 0.1 3.1 0.3 0.1 89.7 97.9
14 100.0 0.0 0.0 0.0 1.4 0.0 0.0 79.5 60.9

15 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .

Sp(i,j)** STANDARD DEVIATION OF MFAN ABSOLUTE PERCENTAGE DEVIATION
1 0.1 286.8 149.1 73.1 — 139.4 258.0 54.5 77.9
2 1.0 73.9 292, 267.2 —_— 38. 201.3 316.4 50.4
3 2.8 96.2 76.3 209.4 111.7 28.5 166.3 125.9 75.0
4 7.3 178.2 150.8 35.9 111,0 23.9 201. 61.8 44.4
5 14.0 146.7 135.5 138.8 126.9 24.1 174.9 39.5 30.9
6 17.7 77.8 70.9 64, 69.2 26.0 81.7 62.1 32.4
7 18.4 31.2 28.2 24.8 33.9 18.5 31.8 36.4 20.5
8 15.8 18.2 16.2 14.0 21.9 14.7 16.7 53.4 26.8
9 9.2 8.5 6.9 5.1 12.8 7.8 6.5 67.6 51,2
10 3.9 3.5 3.1 2.5 8.6 3.3 2.8 82.1 77.6
11 1.3 0.8 0.7 0.8 6.7 1.4 0.6 55.8 87.2
12 0.5 0.2 0.2 0.1 4.6 0.3 0.2 28.8 26.7
13 0.2 0.1 0.1 0.1 2.7 0.3 0.2 59.5 74.5
14 0.0 0.0 0.0 0.0 1.2 0.0 0.0 60.1 40.0
15 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Abundance: 1.49E+07 S.D. of Abundance: 1.06E+07
Grand Mean Date: 6.0 S.D. of Mean Dates: 0.9
MAPD for 5 Yr MA Estimates: 48.1 S.D. of 5 Yr MA MAPD: 29.6
Relative Error Summary Statistics: Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 102.6 75.2 28.8 14.8
Ratio Estimator (RAT) 94.5 72.7 30.9 15.6
Censored Ratio (CR) 87.7 70.9 27.6 15.6
Regression Estimator (REG) 66.5 59.3 30.2 14.0
inear Regression (LIN) 52.1 24.6 36.2 15.9
LIN 'l‘hxouih Origin (ADJ LIN) 133.9 12.5 27.9 13.8
ACP c'{i-b »j) — (ACP PF 92.5 60.7 61.3 73.0
LIN ¢'(i+1,j) — (LIN PF 63.6 15.8 64.8 54.9

* Abundance data is irouped in 3 day intervals — Interval 1 begins June 15

** Calculated from al

years of record, 1956-1975
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Figure 3. Behavior of the predictive regression lines
for the linear model (LIN) for the Bristol Bay
fisherys calculated from sockeye abundance
data for the years, 1956-1975 (t=4; r2=.40,
t=6; r2=.69, t=8; r?=.90, t=10; rZ=1.0)
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Figure 4. Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([I), the regression estimator (O),
and the five year moving average (—).
Calculated from Bristol Bay sockeye abundance
forecasts for the years, 1973-1983 (Table 7).
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Table 8., Summarization of the forecasting results for sockeye salmon catch
data from Copper River, Alaska, 1976-1983, excluding 1979 and 1980.

Time
Int* p(i,j)** ACP RAT CR

ADY ACP LIN

REG LIN LIN PF PF
MEAN ABSOLUTE PERCENTAGE DEVIATION
1 3.1 53.0 66.4 40.5 —_— 50.0 39.1 50.5 175.1
2 18.3 33.9 33.4 133.1 - 27.6 21,6 74.7 42.1
3 38.8 30.3 29.1 74.4 29.0 21.9 19.7 49,2 39.2
4 59.3 15.6 14.5 62.8 19.9 15.7 12.9 34.7 36.4
5 73.0 9.9 10.0 7.9 15.7 10.6 9.5 32.0 33.5
6 83.3 7.6 7.7 6.7 12.1 8.4 7.3 32.2 33.0
7 90.4 5.3 5.4 4.9 6.7 6.2 5.4 59, 58.7
8 95.0 2.4 2.5 2.4 1.9 3.0 2.5 49.5 54.3
9 98.5 1.0 1.0 1.3 1.0 0.9 1.0 76.0 74.0
10 100.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
Sp(i, j)" STANDARD DEVIATION MEAN ABSOLUTE PERCENTAGE DEVIATION
1 3.2 48.1 28.1 43.7 — 30.6 48.5 29.2 208.2
2 10,8 22.1 21.3 0.0 — 21.4 14.4 75.0 25.2
3 15.4 14.4 12.6 0.0 16.7 18.7 9.9 19,7 18.1
4 9.8 10.7 10.0 0.0 16.2 13.8 9.4 36.3 39.1
5 6.6 5.3 4.7 6.4 9.1 7.5 5.1 11.5 15.4
6 6.0 6.8 6.7 8.8 4.9 7.1 7.3 18.3 15.6
7 4.5 5.0 4.9 6.0 4.3 5.0 5.0 56.5 46.6
8 2.4 2.5 2.5 3.3 1.6 2.4 2.7 35.9 30.8
9 1.0 1.3 1.3 1.3 0.6 1.3 1.4 106.9 103.9
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 636,062 S.D. of Yields: 314,595
Grand Mean Date: .0 S.D. of Mean Dates: 0.6
MAPD for 5 Yr MA Estimates: 48.7 S.D. of 5 Yr MA MAPD: 48.3
Relative Error Summary Statistics: Up to Mean Date At Mean Date
MAPD S.D. MAPD Ss.D.
Average Timing (ACP) 30.0 20.0 17.5 14.9
Ratio Estimator (RAT) 30.2 17.9 16.3 13.9
Censored Ratio (CR) 65.5 8.4 18.1 0.0
Regression Estimator (REG) 24.7 16.3 20.2 17.0
Linear Regression (LIN) 26.3 19.4 18.3 19.3
LIN Tm-ouih Origin (ADJ LIN) 19.6 15.5 12.8 9.6
ACP ¢'(i+l,j) — (ACP PF) 52.6 23.9 29.7 16.6
LIN c¢'(i+1,j) — (LIN PF) 53.8 44.0 34.3 26.7

* Catch data grouped in 7 day intervals — Week one besins May 10

** Calculated from the years, 1969-1975, excluding 197

and 1980
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Figure 5. Behavior of the predictive regression lines

» for the linear model (LIN) for the Copper
River sockeye fishery, calculated from catch
data for the years, 1969-1983, excluding 1979
and 1980 (t=1; r2=.01, t=3; r2=.70, t=4;
r2=,93, t=5; r2=.96, t=7; r2=.98)
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Figure 6. Comparison of the time series of estimatiom
error (MAPD) for the linear regression
estimator ([0), the adjusted linear estimator
(0), and the five year moving average (—).
Calculated from Copper River sockeye catch
forecasts for the years, 1976-1983 (Table 8).
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Table 9, Summarization of the forecasting results for sockeye salmon catch
data from Lynn Canal, Alaska, 1976-1981.

Time ADY ACP LIN
Int* $(i,j)** ACP  BAT CR REG LN LIN PF PF

MEAN ABSOLUTE PERCENTAGE DEVIATION

1 0.2 — — —_ — —_— — — —
2 0.9 168.0 8.3 —_— —_— 8.6 253.1 27.0 87.5
3 5.0 326.5 309.6 —  348.1 43.8 388.6 521.7 57.4
4 12.5 46.4 137.4 — 108.5 36.1 97.3 21.2 40.5
5 20.9 152.8 144.8 121.7 142.5 40.3 182.8 2.9 53.9
6 26,6 183.4 177.4 163.9 174.2 45.4 218.3 117.3 159.2
7 34,8 177.0 176.0 119.6 182.5 41,3 213.1 187.5 80.7
8 41.2 104.5 103.7 70.0 107.6 37.6 122.6 . 58.2
9 51,0 93.8 92.5 45.5 93.2 39.4 102.6 160.4 57.3
10 65.1 41.7 42.1 37.3 52.5 27.6 44.7 125.6 136.5
11 75.2 25.5 27.0 21.3 35.8 12.4 29.3 111.9 57.1
12 85.5 14.1 14.9 11.0 20.9 10.5 15.7 175.8 138.4
13 94.1 2.8 2.9 2.9 6.4 2.4 3.0 129.3 151.2
14 98.2 0.5 0.5 0.8 2.4 0.6 0.6 56.5 74.7
15 99, 0.1 0.1 0.1 1.0 0.1 0.1 52.8 33.5
16 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0.0
Sp(i, J)" STANDARD DEVIATION OF MEAN ABSO! PERCENTAGE DEVIATION
1 0.1 — — —_— —_— — —— —_— —_—
2 0.8 0.0 0. — — 0.0 0.0 0.0 0.0
3 4.0 166.8 152.1 — 333.6 19.5 146.6 146.5 22.0
4 8.7 166.4 161.9 — 123.6 37.7 51.2 39.2 37.6
5 12,2 129.7 123.3 107.8 127.9 31.8 156.8 38.6 37.2
6 15,0 172.4 165.3 166.0 170.1 33,0 206.7 142.5 227.9
1 17.8 222.6 217.7 140.3 239.8 23.4 263.6 286.3 52,
8 17.9 86.1 . 91.7 92.9 24.4 108.6 37.6 23.4
9 19.1 73.3 71.9 64.0 73.9 21.5 87.6 113.3 39.6
10 14.4 32.7 33.5 27.7 39.8 21.7 37.6 132.4 128.8
11 12.6 26.3 26.3 21.0 33.3 9.3 27.4 114.2 46.1
12 9.7 9.2 9.6 8.8 11.6 5.6 10.1 115.4 130.4
13 7.9 2.3 2.5 2.6 2.7 2.1 2.7 131.5 187.3
14 2,2 0.2 0.2 0.3 2.0 0.3 0.3 33.8 52.3
15 0.9 0.1 0.1 0.1 1.0 0.2 0.1 36.4 22.5
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 118,642 8.D. of Yields: 48,971
Grand Mean Date: 9.5 S.D. of Mean Dates: .4
MAPD for 5 Yr MA Estimates: 30.1 S.D. of 5 Yr MA MAPD: 19.3
Relative Error Summary Statistics: Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 140.3 91.1 46.9 24.5
Ratio Estimator (RAT) 136.2 87.4 48.0 25.5
Censored Ratio (CR) 98.0 89.5 41,8 24.7
Regression Estimator (REG) 135.9 86.1 59.5 33.7
Linear Regression (LIN) 38.8 24.7 30.6 19.5
LIN 'Ihronih Origin (ADJ LIN) 158.4 101.4 48.0 30.8
ACP c¢'(itl,j) — (ACP PF) 126.6 80.1 169.0 139.6
LIN c¢’'(i+1,j) — (LIN PF) 84.9 51.4 125.4 137.5

* Catch data grouped in 7 day intervals — Week ome begins May 28
** Caloulated from the years, 1969-1981, excluding 1975
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Figure 7. Behavior of the predictive regression lines
for the linear model (LIN) for the Lynn Canal
sockeye fishery, calculated from catch data
for the years, 1969-1981, excluding 1975
(t=1; r2=,03, t=3; r2=,01, t=5; r2=.20, t=7;
r2=.40, t=9; r2=.49, t=11; r2=.92)
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Figure 8. Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([J), the censored ratio estimator
(0), and the five year moving average (~).
Calculated from Lynn Canal sockeye catch
forecasts for the years, 1976-1981 (Table 9).
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Table 10, Summarization of the forecasting results for sockeye salmon CPUE
data from Lynn Canal, Alaska, 1976-1981.
Time ADY ACP LIN
Int* p(i,j)s* ACP RAT R REG LIN LIN PF PF
MEAN ABSOLUTE PERCENTAGE DEVIATION
1 1.5 —_— — —— — — — —— —
2 5.2 107.0 93.8 —_— — 36.0 246.6 71.6 68.4
3 11.8 408.8 389.2 —  307.5 32.0 495.7 27.7 38.8
4 16.8 208.3 193.0 -  147.4 32.6 251.7 31.0 56.1
5 24.8 143.5 133.3 105.9 120.4 30.8 162.5 147.8 115.4
6 31.0 137.7 130.2 110.0 121.3 25.2 149.4 129, 101.5
7 40.4 135.7 132.0 46.9 134.9 32.1 142.5 79. 227.1
8 48.4 39.8 38.9 32.2 39.4 22.7 42.3 26. 25.7
9 58.3 38.2 37.1 16.7 36.7 24.0 39.6 91.9 56.7
10 71.0 18.7 18.5 12.9 27.5 17.0 19.1 70.0 69.8
11 81.4 10.6 10.7 6.1 20.8 0.1 11.5 68.9 63.0
12 90.6 5.0 5.2 6.7 14.5 5.3 5.4 90.9 120.4
13 96.2 1.1 1.1 1.9 6.1 1.0 1.1 71.9 158.5
14 99.0 0.3 0.3 0.2 2.5 0.3 0.3 58.4 69.7
15 99.6 0.1 0.1 0.1 1.0 0.1 0.1 88.1 96.6
16 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sﬁ(i,j)‘* STANDARD DEVIATION OF MEAN ABSO PERCENTAGE DEVIATION

1 0.8 —_— —_ —_ —_ —_— —— —_— —_
2 4.5 0.0 0.0 — — 0.0 0.0 0.0 0.0
3 7.6 192.8 178.7 _ 96.7 29.0 232.1 48.0 12.9
4 10.6 169.4 164.1 —  123.1 30.5 195.1 47.3 68.6
5 13.4 113.7 105.2 55.2 99.4 35.3 124.5 117.6 93.9
6 15.6 146.5 137.2 63.7 130.5 33.3 155.2 98.0 64.6
7 16.9 215.9 208.9 55.9 215.4 33.1 223.5 78.6 314.0
8 14.0 23.7 22.0 0.0 19.9 23.8 27.0 16.2 22.5
9 9.2 26.4 24.7 15.8 22.0 25.1 27.3 87.8 71.7
10 7.8 9.8 9.1 4.3 17.1 9.5 10.2 35.3 36.9
11 6.5 6.3 6.3 1.3 14.7 6.3 6.6 51.8 52.2
12 6.8 2.2 2.3 2.2 9.4 2.7 2.5 52.3 112.6
13 1.4 0.3 0.3 0.7 4,7 0.6 0.4 35.6 272.4
14 0.5 0.3 0.3 0.1 1.6 0.3 0.3 47.0 43.3
15 0.2 0.1 0.1 0.1 0.5 0.1 0.1 88.4 85.7
16 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Average Anmmal CPUE: 1152.7
Grand Mean Date: 9.2
MAPD for 5 Yr MA Estimates: 24.5

Relative Error Summary Statistics:

Average Timing (ACP)
Ratio Estimator (RAT)
Censored Ratio (CR)
Regression Estimator (REG)
Linear Regression (LIN)
LIN Throuih Origin (ADJ LIN)
ACP c' (it ,j) -~ (ACP PF)
LIN ¢'(i+l,3) - (LIN PF)

S.D. of Annual CPUE: 294.4
S.D. of Mean Dates: 0.8

S.D. of 5 Yr MA MAPD: 11.3

Up to Mean Date At Mean Date

MAFD S.D. MAPD S.D.

128.3 83.8 31.3 25.1
121.3 78.3 30.8 24.0
66.4 42.3 13.6 16.5

107.4 1.2 34.0 20.6
27.6 27.0 26.4 23.5

149.4 92.9 31.6 25.9
78.9 29.1 80.6 90.5

90.2 37.5 1.4 69.3

* CPUE data is grouped in 7 day intervals ~ Week one begins May 28
** Calculated from years, 1969-1981, excluding 1975

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Figure 9. Behavior of the predictive regression lines
for the linear model (LIN) for the Lynn Canal
fisherys, calculated from CPUE data for the
years, 1969-1981, excluding 1975 (t=3;
r2=.01, t=5; r2=.03, t=7; r2=.31, t=9; r2=.45,
t=11; r2=.91)
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Figure 10. Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([), the censored ratio estimator
(0), and the five year moving average ().
Calculated from Lynn Canal sockeye CPUE
forecasts for the years, 1976-1981 (Table 10).
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Table 11. Summarization of the forecasting results for rock lobster CPUE data
from Gisborne, New Zealand, 1970-1975.

Time ADY ACP LIN
Int* p(i,j)** ACP RAT CR REG LIN LIN PF PF
MEAN ABSOLUTE PFRCENTAGE DEVIATION
1 9.1 39.2 39.9 32.7 _ 18.6 45.6 38.7 20.5
2 20.6 19.2 19.4 14.9 — 14.8 23.4 8.9 13.7
3 31.5 21.1 22,1 15,0 110.1 12.7 26.2 15.2 21.5
4 40.2 22.5 24.3 11.9 45.1 11.8 29.0 25.3 30.1
5 48.6 19,0 20.7 26.1 25.5 8.4 23.9 63.4 13.8
6 58.4 9.0 9.3 15.8 15,2 7.3 10.4 26.8 8.7
T 70.6 6.0 6.0 14.1 15.9 5.8 6.1 16.3 15.5
8 81.3 6.2 6.3 13.8 16.0 6.1 6.3 28.0 38.4
9 88.4 4.8 5.0 6.6 8.8 3.9 5.2 49.8 51.5
10 93.1 2.4 2.6 0.7 2.1 3.1 2.9 34.9 29.8
11 96.9 2.0 2.0 2.5 2.7 2.2 2.0 78.1 80.0
12 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
S5(i,§)** STANDARD DEVIATION OF MEAN ABSOIUTE PERCENTAGE DEVIATION
1 2.7 32.0 33.3 14.0 —_ 11.6 39.0 18.8 17.1
2 4.0 13.9 14.4 8.6 — 11.3 17.2 .6 11.8
3 5.6 18.7 19.6 14,6 105.0 8.0 20.8 11.5 20.0
4 7.1 14.7 15.8 12.3 31.8 6.2 17.2 37.1 15.4
5 7.0 9.0 10.0 14.7 22.8 5.4 11.2 26.0 10.6
6 5.5 8.6 8.9 4.5 9.5 5.3 9.3 12.2 3.5
7 4.3 6.3 6.5 6.8 10.1 5.8 6.7 11.1 12.1
8 4.5 6.8 6.9 10.4 10.1 6.3 7.1 14,2 21.0
9 3.9 5.6 5.8 5.8 5.6 5.2 6.0 42.5 39.8
10 2.7 3.4 3.5 0.2 2.6 2.6 3.6 35.2 13.7
11 2.4 3.6 3.5 3.4 2.5 3.4 3.5 141.9 134.0
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 .0 0.0
Average Annual CPUE: 526.4 S.D. of Anmmal CPUE: 44.8
Gr Mean Date: .0 S.D. of Mean Dates: 0.6
MAPD for 5 Yr MA Estimates: 24.2 S.D. of 5 Yr MA MAPD: 12,
Relative Error Summary Statistics: Up to Mean Date At Mean Date
MAPD S.D. MAPD S.D.
Average Timing (ACP) 21.6 14.5 9.9 6.2
Ratio Estimator (RAT) 22.5 15.3 10.2 6.1
Censored Ratio (CR) 19.8 11.7 17.9 4.8
Regression Estimator (REG) 48.8 33.9 18.7 11.7
Linear Regression (LIN) 12.7 6.8 7.8 5.6
LIN 'Ilu:ouéh Origin (ADJ LIN) 26.2 17.1 11.2 6.0
ACP ¢’(i+i,j) — (ACP PF) 29.2 14.3 31.6 27.7
LIN ¢'(i+l,3) — (LIN PF) 18.3 8.3 8.0 4.5

% CPUE data is grouped in monthly intervals — month one is June
*% Calculated from all years of record, 1963-1975
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Figure ll. Behavior of the predictive regression lines
for the linear model (LIN) for the Gisborme
rock lobster fishery, calculated from CPUE
data for the years, 1963-1975 (t=1; r2=.69,
t=3; r?=,82, t=5; r2=.89, t=7; r2=.97, t=8;
r2=.98)
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Figure 12. Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([0), the censored ratio estimator
(0), and the five year moving average ().
Calculated from Gisborne rock lobster CPUE
forecasts for the years, 1971-1975 (Table 11).
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Table 12. Summarization of the forecasting results for blue crab catch data

from Virginia, 1971-1980.

Time
Int* p(i,j)** ACP RAT CR

Apy ACP LIN
REG LIN LIN PF PF

MEAN ABSOLUTE PERCENTAGE DEVIATION

1 5.7 61.6 63.1 31.5 —_ 13.7 83.4 38.1 29.6
2 10.1 46.7 48.2 20.6 — 12.9 59.17 36.4 32.2
3 13.1 49.4 50.4 24.3 67.6 12.2 57.6 48.3 39.7
4 18.4 46.3 47.3 21.2 57.9 13.9 51,3 49.9 34.2
5 26.3 28.8 30.5 31.9 29.8 12.3 33,9 40.6 21.9
6 37.0 16.3 16.6 16.3 14.0 10.9 18.0 32.6 17.4
7 49.5 9.6 9.1 9.2 7.6 9.6 9.6 23.4 18.3
8 62.7 5.9 5.5 4.2 4.9 8.2 4.8 17.6 18.0
9 74.4 4.1 3.9 3.8 3.8 6.0 3.5 16.0 22.0
10 85.3 2.8 2.8 2.8 3.1 4.1 2.8 38.7 40.7
11 90.3 2.1 2.1 2.2 2.0 2.1 2.1 21.7 20.5
12 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
sp(i, )** STANDARD DEVIATION OF MEAN ABSOLUIE PFRCENTAGE DEVIATION

1 2.4 82.1 83.1 31.4 _— 10.6 99.3 35.1 17.9
2 3.4 56.1 58.1 17.4 — 8.9 66.6 26.9 24.2
3 4.1 65.1 67.0 19.4 86.0 11.1 74.3 33.5 23.7
4 5.2 7.9 74.4 23.2 74.8 12.4 81.2 32.1 23.0
5 6.1 53.1 54.9 54.1 36.7 12.2 58.7 48.8 25.3
6 7.0 28.6 29.6 30.7 15,7 10.3 31.8 41.7 24.7
7 7.3 11.6 12.3 12.7 7.4 8.1 13.3 31.1 18.4
8 6.6 4.2 4.4 4.3 3.1 6.0 5.3 12.6 11.7
9 5.2 2.4 2.5 2.2 2.5 4.8 3.0 .0 12.0
10 3.2 1.8 1.9 2.1 2.6 2.4 2.1 21.4 21.2
11 1.9 1.2 1.3 1.5 1.5 1.6 1.3 12.7 15.3
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Average Yield: 38.53E+06 S.D. of Yields: 6.52E+06

Grand Mean Date: 7.3 S.D. of Mean Dates: 0.5

MAPD for 5 Yr MA Estimates: 11,0 S.D. of 5 Yr MA MAFD: 11.7
Relative Error Summary Statistics: Up to Mean Date At Mean Date
MAPD s.D. MAPD S.D.
Average Timing (ACP) 34.0 44.2 7.4 4.9
Ratio Estimator (RAT) 34.8 45.6 6.8 5.2
Censored Ratio (CR) 20.5 20.7 6.2 5.0
Regression Estimator (REG) 31.6 31.0 6.4 5.8
Linear Regression (LIN) 11.9 8.5 8.8 7.9
LIN Through Origin (ADJ LIN) 41.2 51.3 6.6 5.9
ACP c'(i+l,j) — (ACP PF) 37.3 22.1 20.2 14.1
LIN ¢'(i+l,3) - (LIN PF) 27.1 12.3 17.4 11.4

* Catch data grouped in monthly intervals — Month one is Jammary
** Calculated from all years of record, 1960-1980
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Figure 13. Behavior of the predictive regression lines
for the linear model (LIN) for the Virginia
blue crab fishery, caiculated from catch data
for the years, 1960-1980 (t=1; r2=.33, t=3;
r2=,57, t=5; r2=.80, t=7; r2=.82, t=9; r2=.93,
t=11; r2=,97)
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Figure 14, Comparison of the time series of estimation
error (MAPD) for the linear regression
estimator ([1), the censored ratio estimator
(0), and the five year moving average (—).
Calculated from Virginia blue crab catch
forecasts for the years, 1971-1980 {Table 12).
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forecasted, 1971-1975; the CV was only 8.5. All estimators were
correspondingly accurate. The linear regression estimator performed
very well. The MAPD up to the mean date was only 12.7 percent and the
MAPD at the mean date was 7.8 percent. The time series of MAPD's for
the linear model were also very low (see Fig. 12).

Monthly blue crab catches in Virginia were obtained for 1960-198C
from Hester (1983). Catch figures are in millions of pounds and are for
hard crab landings only. Ten years of the fishery were backforecasted;
1971-1980, during this period annual crab catches were stable (CV=16.9).

The lowest MAPD for forecasts prior to and on the mean date was
achieved by the linear regression estimator (MAPD = 11.9%). Which was
also the lowest overall MAPD for any of the fisheries investigated. The
five year MA estimate averaged only 117 for the ten years forecasted.
The relatively accurate MA forecasts are another good indication of
stable annual yields. In this particular situation the only advantage
that the intraseason models have over the MA model would be the
increases in accuracy as the season progresses. Note that the MAPD at
the mean date was only 8.8% for the linear model. The remainder of the
estimators had even lower MAPD's at the mean (see Table 12). The linear
period forecasts averaged only 26 percent for the whole season.

The relative effectiveness of the estimators, as based on the MAPD
summary statisiics, is presented in Table 13. In comparison to the
other methods the linear regression estimator performed very well during
the early portion of a season (overall MAPD was 26%). The next best
estimator was the censored ratio estimator (58.1%). The CR overall MAPD
may be misleading in that forecasts were not made on every time

interval.
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The linear regression model was the only method which could be
used to make an estimate on all intervals of the season. The average
timing and ratio estimators occasionally had errors in excess of 1000
percent early in the season, however these values would be noticeably
erroneous and were not considered as viable forecasts. On the average,
average timing and ratio estimates were made on 98 percent of the time
intervals prior to and including the mean date. In comparison, the
regression and censored ratio estimators averaged 79 percent and 65
percent respectively. The regression estimator had the disadvantage of
being uncalculable until the third interval in the season. For the
censored ratio estimations, when none of the past years met the
selection criteria, estimates were not made.

The period forecasts, as seen in each of the individual fisheries
and in the overall MAPD's are inaccurate. The linear period forecasts
(LIN PF - 58%) seemed to perform slightly better than the average timing
period forecasts (ACP PF - 73%).

The annual forecasts on the mean date of the season were
comparable in error by all methods. The lowest overall MAPD was
achieved by the censored ratio estimate (19%).

The accuracy of the linear model estimates seems to be well
correlated with the variability of the value being forecasted. A
correlation of the MAPD up to the mean date for each of the fisheries
with the corresponding CV's of annual performance was significantily

different from zero (r = 0.90, t = 4.65, P < 0,005).
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Table 13. Overall comparison of estimator performances as based on the
average of MAPD summary statistics for all of the fisheries

investigated.
ADJ ACP LIN
ACP RAT CR REG LIN LIN PF PF
MAPD up to mean date
X 74.4 72,2 58.1 69.1 26.5 86.8 73.3 58.2
8 49.2 46,0 30.4 40.3 14.8 60.0 35.2 27.3
MAPD at mean date
pd 22.6 22.8 19.9 28.2 20,0 21.9 -— -
s 13 .9 14.5 11 a6 16 .6 11.2 14.7 hadudd -
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CHAPTER 4

DISCUSSION

Effectiveness of estimators

The annual estimators will be discussed in the order suggested by
the forecast results. Peer groups consisting of similar estimators will
be defined and discussed. The average timing model (ACP), the ratio
estimator (RAT), the adjusted linear estimator (ADJ LIN), and the
censored ratio estimator (CR) could all be generally related as single
parameter linear regression predictive models. The first three models
are very similar in that the slope parameter is calculated from the same
pairs of historical cumulative catch and annual yield data. The ACP
estimator and RAT estimator performed almost identically, which was not
unexpected since they were computationally similar. Curiously, the least
squares estimate of the slope parameter used by the ADJ LIKN model was
often very much different from either of the estimates produced by the
ACP and RAT models. The forecasts by the ADJ LIN model, like its
parameter estimates, were also very different. Despite the difference
in individual forecasts, their relative accuracy is not markedly
different. Of all the the estimators evaluated, these three had the
poorest performances during the early portion of a fishing season. Past
the mean date of a season these estimators performed well. It may be

for this reason that the intraseason annual forecasts which are based on
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average performance have been historically calculated at the midway
point of the season (ie. Royce 1965).

The censored ratio estimator (CR), while also being a single
parameter linear estimator of annual yield, was somewhat different from
the others in its group. The data used to estimate the slope parameter
are selected on the premise that data from years with similar patterns
of catch provide a better basis for parameter estimates thamn do all of
the years of data. As described in Chapter two, the selection was based
on either standard deviations or correlatiomn coefficients.
Surprisingly, when compared to the other three single parameter models,
the results for the CR estimator which used these selection procedures
seemed often to provide some added overall accuracy. In fact, the CR
estimator was the second best of the six estimators of annual totals.
Unfortunately, a primary reason for lower average errors was the
non-selection of historical information which prevented forecast
calculation. Non-selection means that the period catches in past annual
data sets were not sufficiently correlated (eg. r < 0.8) with the
current series of period catches. In the situation where forecasts were
not made the large errors which were typically recorded for the ACP,
RAT, and ADJ LIN models were avoided. Although the failure to make a
forecast explained the reduced average error in many cases, the CR
estimator often produced better forecasts than the other methods in its
group. A good example can be seen in the forecasting results for the
Virginia blue crab fishery. The average error by the CR estimator was
fourteen percent lower than the ACP and RAT average forecast errors and
forecasts were made on 96% of the time intervals.

In order for the CR estimator to be effective the seasonal
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patterns must be conservative enough to allow comparison on the basis of
the criteria suggested. It is also important to have a relatively large
data base from which selection can occur. In the blue crab fishery,
forecasts by the CR estimator were made on almost all intervals;
whereas, the rock lobster CR forecasts were not made on every interval,
perhaps because there were fewer years of historical data from which
selection could occur. Although the CR estimator showed reduced
forecasting error, there is not a fair comparison with the other
estimators since forecasts were not made on every time interval. It is
debatable whether the failure to forecast is an improvement over a
highly inaccurate forecast, but the point is moot since the two
parameter linear regression estimator was much better overall than all
estimators in this peer group.

The regression estimator (REG) of sampling theory, in a peer group
by itself, also did mnot perform favorably. However, the construction of
this estimator is unique among the other annual estimators. The
estimation formula contains interesting parameters which incorporate
intraseason data in addition to the interseason data that the other

estimators use. Recalling Equation 2.4,
A -
C(is)rEc = (W/1) [ c(isj) - b*(i) €(i,j-1) 1 + b*(i) C(i,3-1)

The component, (N/i), represents the inverse of the percentage of the
season which has occurred. As in all methods, c(i,j) is the cumulative
catch of the current season. In the remainder of the methods c(i,j) is
the independent variable of a linear model and is the only value which
is produced within the season. In the regression estimator the slope

parameter, b'(i), is also calculated within the season and must be

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



65

updated on every interval of the season. As explained in Chapter two,
this slope parameter is a partial measure of the relation between the
pattern of current catches and the average patterm of catches. It is
the inclusion of this component which incorporates an intraseason
measure of the relation of current catches to the average pattern that
makes the REG estimator unique. Unfortunately, the results obtained
were not as promising as the construction of the estimator. In relation
to the other annual estimators the REG estimator ranked third.

By far, the most reliable intraseason annual forecasts during the
early season were produced by the linear regression model (LIN). The
overall error of forecasts on or before the mean date of a fishing
season was at least half the error of the other annual estimators
(LIN-27%; next best was CR-58%; ACP~74%). In addition, forecasts by the
LIN method were always within a realistic range at all times during a
season, and were often within the historical maximum and minimum.
Likewise, the ability to calculate statistically precise prediction
intervals greatly enhances linear model forecasts. The prediction
intervals also provided a good perspective on the range of values
experienced historically. Finally, an important characteristic of the
LIN model was its ability to produce viable forecasts for every time
interval of the season.

Although not investigated, it is possible to make forecasts when
cumulative catch remains at zero. When cumulative catch is zero the
forecast equals the y-intercept of the regression line. By all other
methods except the REG estimator forecasts on time intervals when
cunmulative catch was zero would also be zero. This behavior is a direct

consequence of the underlying linear model for the ACP, RAT, ADJ LIN,
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and CR estimators which is forced through the origin. Since the LIN
model can produce estimates when no catches have been recorded it may be
useful for salmon fisheries in which closures early in the season are
common .

Mechanically, the linear regression model is very similar to the
simple autoregressive (SA) model suggested by Roff (1983) for pre-season
forecasts. In fact, if a pre-season estimate of annual yield were to be
made by the logic of the intraseason estimator, it could be considered a
SA model of the form Cy4] = A+BC¢ .

The concept of intraseason updates (forecasts) of annual estimates
has not been widely addressed in the fisheries literature.
Mendelssohn's (1980) use of an updated time series model in the
investigation of a skipjack tuna fishery is a rare instance of an
intraseason forecast. However, only one update was made and it was not
noticeably better than the original forecast. Additionally, the update
procedure involved the rather complicated refitting of the time series
model. The methods described here have the advantages of becoming
increasingly accurate as the season progresses and of being simple to
calculate.

Wright (1981) acknowledged the existence of a group of intraseason
update procedures which pertained directly to the management of Pacific
salmon fisheries. Unfortunately, no specific examples were described.
However, according to Mundy (personal communication) whe participated in
Puget Sound management and unpublished technical literature originating
from management agencies in Washington and Oregon, it is likely that
Wright (198l1) was referring to models conceptually similar to the LIN

model. A specific example of such literature is a Northwest Indian
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Fisheries Commission (NWIFC) techmical report on update methods for
chum salmon abundance in different areas of Puget Sound, Washington
(Anon. 1982). The described update models regressed total abundance on
cumulative catch or in some cases cumulative catch divided by cumulative
effort, the latter being a rudimentary method of calculating a
cumulative CPUE. It would be more appropriate if the cumulative catch
was divided by a weighted sum of effort. Weights would be determined by
the time in the season that the effort was expended. Cumulative CPUE
calculated in this manner would be a more useful index of abundance.
Mundy and Schaller (1983) also reported improved forecasts when annual
yield estimates on the Yukon River were based on CPUE data rather than
catch data. However, the relation between cumulative CPUE and annual
yield is not apparent, other than the fact that catch is approximately
proportional to abundance of which CPUE is an indicator. Schaller (1984)
showed for the Copper River, Alaska sockeye fishery that CPUE data would
provide a very poor basis for yield forecasting because of variable
catchability. These type of conflicting results are typical and the
correct approach must be determined for each specific fishery. Wright
(1981) mentioned that virtually any combination of catch and effort data
is used in intraseason forecasting. Specific combinations of data are
probably used either because there is improved fit to a regression line
or simply because there is a perceived reduction in forecast error.

The intraseason forecasts described by the NWIFC report point out
the fact that the linear regression technique using cumulative catch
data can be used to forecast annual performance indicators other than
annual yield. For example, cumulative catch can be an indicator of

annual abundance and possibly annual escapement. It is usually only in
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those select few salmon fisheries where total enumeration of the stocks
permits investigation of these premises.

A possible improvement for the linear regression technique would
be the expansion to s multiple regression model which includes
environmental or economic variables. The variables included should have
some effect on the annual yield or abundance, following the same
rationales typically advanced for pre-season forecast models. In the
case of salmon fisheries, a relevant variable may be the mean air
temperature at the time of egg deposition. A cold harsh winter may be
detrimental to egg and fry survival which alters abundance and
ultimately yield. 1In the case of the Chesapeake Bay blue crab fishery
Hester (1983) reports that wind may play a vital role in juvenile
survival. The inclusion of the wind data, lagged by the number of years
until recruitment may improve the predictive capability of the linear
regression models for that fishery. The incorporation of exogenous
variables seems to be a very promising lead in intraseason forecasting
research.

Ultimately the most useful information for harvest control will be
accurate assessments of period catches. The typical queries concerning
the target species are where, when and how many. Where the fish are
located is established by the source of the data base. The questions,
when and how many, are addressed in part by an annual forecast, but
eventually specific period forecasts must be developed.

By the average timing method (ACP PF) the individual period
forecasts are a percentage of the ACP annual forecast. As was discussed
previously the ACP annual forecasts were less than satisfactory early

in the season. Therefore it would be expected that the early season ACP
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period forecasts be inaccurate. In general, however, all period
forecasts during a season were inaccurate and high errors early in the
season were not noticeable. Likewise, late in the season when annual
forecasts were accurate, corresponding low period forecast error was not
evident. For all of the fisheries investigated the average error for
ACP period forecasts was 80Z. The error experienced in the four salmon
fisheries was approximately 1007, while the two crustacean fisheries
averaged only 34Z.

The results for linear period forecasts (LIN PF) were also fairly
inaccurate but were slightly better than the ACP forecasts. The overall
error was 81%Z. Again there were large differences in average error
between the crustacean fisheries and the salmon fisheries; the average
errors were 287 and 66% respectively.

The large discrepancy in error is due to the nature of both types
of fisheries. The duration of salmon fisheries is much less than a
year, as a result the variability experienced on any ome interval is
large. Typically the salmon data were grouped in three to seven day
intervals, therefore the data is likely to be highly susceptible to
variability caused by weather, effort, and fish behavior. If the same
data was grouped in monthly intervals the interannual variability would
be much lower. Unfortunately a salmon migration is seldomly longer than
three months. Breaking a season into so few intervals would defeat the
purpose of intraseason forecasting.

In crustacean fisheries, fishing occured during the whole year and
the data were grouped in monthly intervals. The seasonal patterns as a
result were conservative and intraseason forecasting was very

successful.
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The difficulty of forecasting any value for a small interval of
time is one which is likely to remain until highly specialized models
are developed. The situation could be compared to weather forecasting;
a science in which vast amounts of data are required to make weather
predictions three to five days ahead. The sophistication required for
similar forecasting of period catches in fisheries may mever be
realized. In business, such realities are taken for granted. Business
data is rarely forecasted for time intervals shorter than a month. The
most common interval used in analysis is the quarter. In fisheries a
compromise between forecast accuracy and forecast sophistication needs

to be developed.

Developement of an Intraseason Forecasting System

The following discussion will be devoted to a recapitualization of
the steps involved in the development of a simple intraseason
forecasting system for a commercial fishery. Although several
categories of fisheries data have been investigated, the primary
application of these procedures will probably be to commercial catch
data.

The system begins with the collection of the bagic fisheries data.
It may be necessary to standardize data in cases where recording methods
have changed, although the evaluation of forecast error prior to
standardization attempts is strongly recommended. If the errors are
acceptable, the cost of standardization is not justifiable. Once the

data has been properly structured, the annual data sets should be
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inspected for extended closures of the fishing season. Such years
convey little information about the seasonal behavior of the fishery and
may be excluded. Based on results presented by Butt (1984), years in
which less than 15% of the total fishable time intervals are actually
fished, and in years in which n many consecutive time intervals which
contain more than 50% of the expected proportion of catch, p(i,j=~1), are
dubious records of the seasonal performance of a fishery.

After this point it is neccessary to characterize the seasomality
of the data. Average performance information fullfills this crucial
requirement. By calculating the time series of average proportion of
catch, the seasonal patterns of a fishery become readily apparent. More
importantlys, a review of the coefficients of variation for both
cumulative and period percentage performances provides a good measure of
the comnsistency of a fishery's seasonal pattern. In many cases, the
CV's of average cumulative proportion of catch are fairly high early in
the time series; a high value is greater than fifty percent. At some
point in the series the CV's should gradually drop below twenty percent.
The earlier in the time series that the dropoff occurs then the more
useful the seasonal pattern. If the CV's for period percentage
performance are low, eg. less than 20%, then period forecasts expressed
as a function of annual forecasts may be successful.

If the series of CV's remain very high and irregular past the
mid-way pdint of the season it may be neccessary to redefine the data
base. Some of the possible options are as follows: 1) redefine the
fishing season; 2) 1look at data from smaller geographical areas;
3) stratify the data by endogenous criteria such as age, size or stock

composition.
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When refinement of the data base is not possible then data
stratification by exogenous criteria, as suggested by Mundy (1982), may
be warranted. However, as shown in the forecast results, the linear
regression model did not improve appreciably when stratified data was
used (Tables 5 and 6). For this reason it may be neccessary to compare
the MSE's of the linear models using stratified and unstratified data to
judge whether or not stratification is warranted.

Once the data base has been established and characterized, the
forecast methods can be assessed. As should be apparent by the forecast
results for the six annual estimators, the series of predictive models
should first be posed as two parameter linear regression models.

After the regression lines are calculated, it is informative to
inspect the behavior of the lines. If the series of lines have small
intercepts and gradually decreasing slopes then the linear regression
model should provide accurate forecast results (see Fig. 11). On the
other hand, erratic changes between regression lines indicate potential
difficulties (see Fig. 9). To reinforce the impressions gained from
regression line plots, the coefficient of determination for each limne
should be checked. Values not significantly different from zero
indicate a poor relationship betweem cumulative catch and annual yield.

The £final analytical test of the predictive models is provided by
an evaluation of the backforecasts for a portion of the data base. The
statistic used for forecast evaluation in this study was mean absolute
percentage deviation (MAPD). Although MAPD is easy to interpret, there
are some problems concerning its use. The most important of which is
the interpretation of MAPD when only a few years are backforecasted. In

general, the reliability of this average error statistic increases as
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the number of years of forecasts which are evaluated increases.
Probably a more satisfactory measure of relative accuracy of forecasts
will be the MSE. The confidence in a forecast will be reflected by the
width of the prediction interval which is a function of MSE and sampling
variability.

Once the backforecasts have been evaluated it must be determined
whether or not the precision of the forecasts is acceptable. To
accomplish this it may be useful to compare the overall MAPD of
forecasts on or before the mean date to the CV of annual yield., As was
seen for the linear model the MAPD is usually higher if the values being
forecasted are highly variable; which is an understandable relation (see
Table 14). If prediction intervals exceed the historical range of
values no information has been conveyed.

If the relative precision of the forecasts is not accepted, it may
be possible to find covariants of annual yield which can then be
incorporated in multiple regression predictive models. As was suggested
earlier in this chapter lagged environmental data may be useful for such
applications,

The ultimate test of the forecasting procedures is an actual
application during the course of a season (Mundy and Schaller 1983).
Comparisons of the forecasts to those of the harvest control manager's
should be reviewed to detect ways of improving the models. At the end
of the season the forecast errors should be calculated; if acceptable,
the parameter estimates for the prediction models should be updated.

If a system of adequate predictive models can not be formulated by
these methods then at least some quantitative understanding of the

seasonality of the fishery has been obtained. The person responsible
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for the analysis will also have an increased understanding of the

fishery by which responsible judgements can be made.
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Table 14. Comparison of average error in forecasts
on or before the mean date and the variability of
annual performance for the seven data categories.
Both CV's and MAPD's are calculated from forecast
years only.

[’ MAED
Yukon River chinook catch 23 15
Bristol Bay sockeye abundance 71 52
Copper River sockeye catch 49 26
Lynn Canal sockeye catch 41 39
Lynn Canal sockeye CPUE 26 28
Gisborne rock lobster CPUE 9 13
Virginia blue crab catch 17 12
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CHAPTER 5

CONCLUSION

It is now apparent that the large error and variability which
occurred in forecasts by the ACP estimator can be improved by use of a
linear regression model (eg. LIN estimator). The LIN estimator and the
ACP estimator, are developed from linear regression models which use
cumulative performance as an indicator of annual performance., Although
the two methods react similarily to changes in cumulative performance
the effects on LIN forecasts are dampened by the inclusion of an
intercept parameter in the underlying model. As a result the forecasts
are less variable and more accurate early in a fishing season.

The relative precision of forecasts by the LIN model was linked to
the variability in the seasonal pattern for a particular fishery. It was
useful to calculate the average proportions of performance and their
corresponding coefficients of variation to determine the characteristics
of the seasonal pattern and its suitability for intraseason forecasting.
In addition, the standard techniques associated with the LIN model were
a great improvement over the methods previously used to characterize the
behavior of intraseason forecasting techmniques by the ACP estimator. In
particular, the coefficient of determination, prediction intervals and
residual plots were valuable for assessing the historical performance
information.

The period forecasts that were evaluated displayed large errors
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and a great deal of variability. However, as with the LIN annual
estimator the LIN period forecast model may be improved by the
incorporation of exogenous variables.

The overall forecast results for the salmon fisheries were
adequate, but in several cases the analysis should have been performed
on more specific management units of a fishery. The results for the
crustacean fisheries were very good because the two fisheries exhibited
conservative seasonal patterns. The low variability in the patterns was
partially due to the long fishing seasons and the smoothing effect that
is achieved by grouping data for large time intervals such as months.
Undoubtedly, however, the stable patterns of effort and of availability
of the target species contributed to the conservative nature of the
seasonal patterns of the crustacean fishery.

In general the procedures followed provide a rapid means for
inspecting a fishery and for learning its characteristics. Specifically
the methods provide a convenient structure for documenting the behavior

of the historical data for a fishery.
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APPENDIX A

RELATION OF THE YIELD ESTIMATORS TO COCHRAN'S

RATIO AND REGRESSION ESTIMATORS
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The ratio and regression estimators are used to estimate several
basic parameters of finite populations. The population attributes of
interest are the population mean, ¥, and the population total, Y. The
collection of N catch observations, made on evenly spaced time intervals
during a fishing season, is the population comnsidered in the yield
forecasting problem. The sum of the catch observations (Yj) is the
population total or the annual yield. The population mean represents
the average catch for all time periods in a season. Note that NY
equals Y.

The primary concern of sampling theory is to derive estimates of
population mean and the population total without measuring the whole
population. The same is true in the fisheries forecasting problem; it
is desireable to know the annual yield before the season is over.

The most basic means of achieving such estimates would be to
calculate sample statistics from a random sample. The sample
observations are denoted by lower case characters, ie. yj. The sample
mean, y» would be an estimate of the population mean and N§ would be an
estimate of the population total.

However, it is only possible to take a true random sample of
period catches when the season has ended. By the end of the season the
annual yield is known and it is no longer necessary to estimate the
population total. The inability to randomly sample catch observations
during a season is an unfortunate departure from sampling theory.

Regardless of the improper sampling, the basic methods for
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calculating population estimates can still be followed. The use of § to
estimate Y and Y may be useful for fisheries in which the time
distribution of period catches is approximately uniform. However few
fisheries have such seasonal distributions. Consider a fishery in which
monthly catches are approximately bell shaped. A running average of
period catches will tend to under-estimate the population mean prior to
the midpoint of the season; and then over-estimate the mean until the
end of the season.

To avoid this problem it is useful to incorporate additional
information about the seasonal pattern of catches into the estimator.
The seasonal behavior of a fishery is often well described by average
performance, which is designated the time series of average period
catches. Two methods suggested by Cochran (1977) which will incorporate
this additional information are the ratio and regression estimators.

The ratio estimator compares n sample values y; to corresponding
auxillary variates xj. Or in this case, the series of currently
available period catches to the series of average period catches. The
population ratio is estimated from these two series. From Cochran's

Equation 6.1,

where,

A 3 * -

% = population ratio estimate, ie. the ratio ¥/X

Y = population total estimate, ie. annual yield etimate

average of current catches to date

<t
]
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1
t

= average of corresponding average period catches

y = c¢(i,j) = current cumulative catch to date
x = &(i,j-1) = average cumulative catch to date
X = C(j~1) = known population total of Xj, ie. the average

annual catch

Therefore. the estimate of current year annual catch equals the average
annual yield for the fishery multiplied by the ratio of the current
cumulative catch to the average cumulative catch.

As mentioned in Chapter twos the ratio estimator performs well
when the relation of Y; and Xj is linear and goes through the origin.
It is not neccessarily true that a regression of current period catches
and average period catches passes through the origin. Therefore, the
regression estimator developed by Cochran (1977) has beern tested as a

yield estimator. From Cochran equation 7.1,

A
YREG':S""b(i-i)

where,

A

Y = population mean estimate, ie. estimate of average period catch
for season

X = the population mean of X; or the average of average period catch
for all N periods of a season.

b = slope of regression of y; and xj.

Since the rest of the yield estimators have been posed in terms of
cumulative catches, Equation 7.1 has been modified in the following
manner :

A
N¥ppg = N[ §+bX-bxg]

A
YREG=N?+bX-Nbi
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Ypge = ¥/nly-bx] +bX
Which is equivalent to Equation 2.4,

T(ividgge = Mi [ c(ind) = b'(1) &(1,5-1) 1 + b*(i) E(j-1)
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Tsble Bl. Ahmdance of sockeye salmon from Eristol Bay, Alaska. Ahumdance data are grouped in three dsy intervals; first interval begins on Jume 15.

Year 1956 1957
Time

Interval

1958 1959 1960 1961 1962

1963 1964 1965 1966

46 0
3011 1N4
7258 70876
161928 388767
410414 830336
858872 81386
2063780 2185320
3380290 2662910
6427570 1892710
5150520 312772
2029170 377159
12 5711236 26855
13 174999 87248
14 66713 22876
15 1864 0

b
OWESNONVIL W -

-
-

6891 1881
51571
71200

1412970

630275

3628600

2188060

1060350

687628
526593
244908
146956
24706
15594
3295

&5 159
1054 104%
90252 84630

1717212 359506
35451 851615
1233300 2668790
1591670 1723570
86074 1900770
481753 2469820
141150 1197820
12114 640368
43116 147558
6768 116375
L 6735
131 1648

5972
49844 20718
250750 698298
535138 1275560
2080010 2487010
4651850 Q1748340
8224000 3773180
1408290 23569580
6432880 1685720
3792210 394494
1749430 165957
337062 148%08
286711 696%
95589 11451

2198 2034

1967

1968 1969 1970 1971

1972

1973 1974 1975

C'(i.j)

16277
18391
71582

17754
84337
51907
215273
684298
1140100
1720270
+ 1525060
517241
2%653
136492
104166

248
115850
1448890
513506 2317050
346454 5184630
1848950 10011700
1845410 9520310
3420730 8302730
1353330 581070
329711 5110240
299092 2843130
178494 1702110
54560 6083 271355 56137
1462 25185 28183 4411
0 5094 1670 88

2793
22011
122546
375942
1486900
5200890
4310370
3524600
915762
7716274
217649
77615

27970
450846
746292

1934000
26835150
1271950
1300850
650733
232050
344378

81339
125016

52817

15%

5918
28304
435098
1160510
1854180
2038870
101740
710800
312006
132273
46057
31810

158 322 4

3242 60706 64
13058 924719 17859
133830 3136760 177549
3675320 7944180 335591
4115270 7481810 1124910
4592310 8994970 2540770
2212110 5097390 2704380
1368040 3146880 3290540
743628 1182290 2547360
2B4559 506814 1638580
161429 257281 634090
11455 1827 76771 78]%
9356 698 25132 105488
1484 0 436 1450

20697
23495
175809
74113

1606200
12271190
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263932
70902
40015
50508
22438
1762

7782
7500
32826
1427360
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1622360
731668
172927

922 3038
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50869 345697
84133 1410170

229849 2474430
406108 2865750
646465 1759100
365287 923351
12562 441081
49296 315293
34266 60813
71040 39526
9525 10148 507117
29 4814 15183
82 0 0

1 46 0
2 3057 134
3 1@B15 845%
4 128 473357
5 58257 13038%0
6 1441530 2197720
7 350310 438040
8 6885600 7245950
9 13313200 9138660
10 18463700 9651430
11 20492900 10028600
12 21064100 10297900
13 21239100 1885200
14 21305800 10408100
15 21307700 10408100

&5 1596
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101618 96720
273330 456226
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1861140 3976630 7579560 8872820
3452810 5700200 15803600 12646000
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4936460 11268600 33436900 17295800 10265100
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5100710 12056500 35523400 17610700 10657000
5168390 12172900 35810200 17680300 10681700
5206320 12240400 35905700 17691800 10697300
5207450 12242100 35908500 17693800 10700600

5912
55a%%
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37609
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1881
59452
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5802500
7990560

c(i.j)
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369471

1053770
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3914140
5439200

16277 7748

34668 118598
106250 136749
619756 3884540 523292
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2815160 19080900 7214080
4760570 28601400 11524500
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5956440 9534630 42735200 15964800
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6319590 10163400 50688600 16958700
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1583 32128 4

4145 92829 68
135298 1017550 17927
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3484410 5114450 12038500 531067
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7517630 17466800 36819500 10191700
7710100 18210400 38001800 12739000
7756160 18495000 38508600 14377600
7787970 18656400 38765900 15011700
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0
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