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PREFACE

Oak Ridge'National Laboratory is providing technical assistance to
the U.S. Nuclear Regulatory Commission and other agencies in their
assessments of the environmental impacts of electric power plants.
These assessments have required the development of new analytical
techniques and tﬁe expansion of many existing ones. The work reported
here, while begun in support of the analysis of a particular nuclear
plant, has wide application in other areas. Much of the model develop-
ment has been financed by the Division of Biomedical and Environmental

Research, U.S. Energy Research and Development Administration.
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ABSTRACT

DEANGELIS, D. L., W. VAN WINKLE, S; W. CHRISTENSEN, S. R. BLUM,

B. L. KIRK, and C. ROSS. - 1977. A generalized fish life-
cycle population model and computer program. ORNL/TM-6125.
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 176 pp.

A generalized fish life-cycle population model and computer program
have been prepared to evaluate the long-term effec; of changes in mor-
tality in age class 0. The general question concerns what happens tq‘a'
fishery when density-indebendént sources of'morfality are intrqducgd
that act on age class 0,'particularly”enprainment and impingement at
power plants. This paper discusseé the model forﬁulation and computer‘,
progrém, including sample results.

The population model consists of a system of difference equations
involving age-dependent fecundity and survival. The fecundity for each
age class is assumed to be a function of both the fraction of females
sexually mature and the weight of females as they enter each age class.
Natural mortality for age classes 1 and older is assumed to be indepen-
dent of population size. Fishing mortality is assumed to vary with the
number and weight of fish available to the fishery. Age class 0 is
divided into six life stages. The probability of survival for age class
0 is estimated considering both density-independent mortality (natural
and power plant) and density-dependent mortality for each life stage.
Two types of density-dependent mortality are included. These are (1)
cannibalism of_each life stage by older age classes and (2)

intra-life-stage competition.

vii |



A computer code for implementing this population model has been
written in FORTRAN. This code consists of a main program and numerous
subroutines which perform calculations andAcontrol inbut and output.
The most important feature of the computer code is its flexibiliéy. By
appropriate specification of a set of input cards, the user can run the
model for several years using one set of parameter values and then
change some of the parameter values and continue running the model
using the new values. The unique population vector resﬁltihg in a
steady-state system for fixed values of the adjustable parameters is
determined analytically. Comparison of similar cases via graphic and

tabular output is possible.

viii
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I. INTRODUCTION

This simulation model is a generalized and expanded version of the
striped bass population model described by Van Winkle et al. (1974).
Since this earlier report is now out of print, those sections of the
earlier reporf not changed in generalizing the model have been repeated
or paraphrased in this report in order to make the present repoft self-
contained.

This simulation model has been developed to forecast the long-range
impact on a fish population of entrainment and impingement of eggs,
larvae and juvehiles due to the withdrawal of water by power plants.

The model is designed to help regulatory agencies, power companies, and
society make sound decisions concerning alternative cooling methods and
alternative sites. This is being done in two ways. First, the model
provides quantitative forecasts of impact on ‘a fish population. Second,
the model is useful in placing previously qualitative statements into a
quantitative framework and in defining issues where field and laboratory
research are essential for more accurate forecasts (Christensen et al.
197h; Van Winkle 1976).

The model focuses on the long-term (e.g., 10 or more years) impact
on the fishery and on the relative size anq age structure of the fish
population. Entrainment and impingement probably act in most situ-
ations as density-independent sources ofqmortality; that is, the
probability of entrainment or impingement mortality for an individual
is a constant independent of the size of the population. The generai

question we are addressing is what happens to a fishery when



density-independent sources of mortality that act on age class 0, such
as entrainment and impingement, are introduced. The application of
Leslie matrix population models to address qﬁestions of this type
appears to be gaining favor (Beland 1974, Hess et al. 1975, Jensen
1971, LMS 1975, Miller et al. 1975, Sommani 1972, Horst 1977).

The changes made from the original model improve the ability of
the model to simulate the striped bass population and also make the
program more adaptable to other fish populations. The major changes
are m;dification of the fishing mortality function and consideration of"
six sequéntial life stages within age class 0. Complex entraiﬂment and
impingement scenarios can now be simulated. The model is presently
being applied to the striped bass, white perch, and Atlantic tomcod
populations in the Hudson River.

Part of the effort in updatiné the life cycle model and program
has gone into providing more comment cards for those program subrou-
tines which constitute the heart of the computer model; i.e., those
which set up the Leslie matrix. The comment cards make the subroutines
more understandable, facilitating possible debugging or further modifi-

cation of the program.
II. POPULATION MODEL

The population model is based on Leslie's (1945, 1948) deter-
ministic, discrete-time model, which incorporates age-dependent
fecundity and survival (Keyfitz 1968, Pielou 1969). In contrast to our

earlier model (Van Winkle et al. 1974), which assumed a constant sex
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ratio and only dealt with female striped bass, this generalized model

does not assume the same sex ratio for all age classes and deals with

the total fish population, i.e., both males and females. The time and
the age infervals have a duration of a year. Aging (i.e., formatibn of
the annulus or annual gfowth ring on the scales) and recruitment to the
fishery (i.e., attaining a large enough size such that<the fish are in
that component §f the population legally fished) are assumed to oceur
immediately prior to spawning. |

_ The fish population is divided into M age classes, with the oldest
age class including all fish M-1 years old and older. The age distribu-
tion vector for year t, n(t), gives the number of fish in each of the M
age classes (Fig. 1).

The survival-fecundity matrix for year t, A(t), is an M x M matrix
having fecundity values in the first row, survival probabilities along
the subdiagonal and in position (M,M), and all other elements equal to
zZero (Fig. 1). The element fi denotes the average number of eggs pro-
duced per fish (both sexes combined) upon entering age class i at the
beginning of year t. The element p; denotes the probability that a
fish in age class i at'the start of the year t will survive to the s;art‘
of year t+1. The age distribution vector for year t+1, N(t+1), is
calculated by matrix multiplication (Fig. 1).

Figure 2 is an alternative representation of the matrix equation.
Aging transfers occur yearly and are represented by the transfer arrows
down the diagonal. As females become sexually ﬁature (e.g., as

4-year-olds), they add to the complement of eggs spawned at the start
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of each year, as represented by the upward-directed arrows to the egg
compartments. The total complement of eggs represents the input at the
start of the year to age class 0, which in this modified model consists
of six life stages, some of which are entrainable and some of which are
impingable. Natural mortality (e.g., mortality due to predation,
disease and parasites) occurs for each age class. In addition, there
is mortality in age class 0 due to entrainment and impingement by power
plants, and there is mortality of older fish due to fishing. Mortality
and aging transfers occur first, followed by spawning.

All fish populations are probably controlled in the long term by
density-dependent mechanisms acting on certain ages or sizes. In liﬁe
with the thinking of Ricker (1954, 1975), Backiel and LeCren (1967),
Cushing (1974), and others, we envision natural, density-dependent
mechanisms operating primarily in age class 0. In addition, for species
subjected to a large sport and/or commercial fishery, we éssume that the
population may be controlled, in part, by density-dependent fishing
mortality.

Detailed discussion of the elements of the fecundity-survival

matrix is given in the following subsections.

A. Fecundity
Let fi denote the average number of eggs produced per fish (both
sexes combined) upon entering age class i. The quantities fi (i =1,

2, ..., M=-1) in the first row of the matrix A(t) are calculated as:

£, = FF, FMAT, EGGS, |, (1)
1 1 1 1l



where FFi is the ratio of feméle‘fish to the total number of fish
entering age class i, FMATi is the probability that a female entering
age class i is sexually mature, and EGGSi is the average number of
mature (i.e., ripe) eggs in the ovaries of a sexually mature female
entering age class i.

The average number of mature eggs in the ovaries df a sexﬁally

mature female entering age class i is calculated as:

EGGS. = B, + B, WT,. (2)
i 1 2 i

where WTi is the average weight of a fish at the ith annulus forma-

tion, and B1 and B, are the intercept and slope, respectively, of a

2
straight-line regression equation. If some other regression model
(e.g., second degree polynomial) ;s more appfopriate to characterize
the relationship between weight and egg production, or if it is more
appropriate to estimate egg production from LENGTHi, the average

total length of a fish at the ith annulus formation, then the computer
code must be modified accordingly (see subroutine MAKMAT in listing of
computer code in Appendix A). |

The average weight of a fish at the ith annulus formation, WTi’

is estimated using the allometric relationship:

L0G10(WTi) =B, +B

3 i LOG1O(LENGTHi) ) (3)

where B3 and BM are the intercept and slope, respectively, of the

straight-line regression equation. The average total length of a fish

at the ith-annulus'formation, LENGTHi is estimated as:



LENGTH, = ACON + B-AGE, + C*AGE?, ‘ o (4)
i i i

.where AGEi is the age in years of a fish at the ith annulus forma-
.tion, and ACON, B and C are the coefficients of a quédratic regression |
model. If some other regression model (e.g., first-degree or third- |
degree polynomial or von Bertalanffy growth function) is more appro-
pfiate to characterize the relationship between age and length, the
computer code must be modified accordingly. |

Equations (3) and (4) above are empirical regression models for
‘fish of both sexes combined rather thén for females only as in thg
earlief model (Van‘Wiqkle et al. 1974). If it is judged important to
treat the relationships between length and weight and between age and
length sepérately for males and females, then the computer code must be
modified accordingly. Such modification must include the calculation

of TOTP (Section II.C).

B. Natural Mortality (Age Classes 1 to M-1)

Natural @ortality is assumed to be density independent for fish in
-age classes 1 té M-1, although it may vary from age class to age class.
The instantaneous natural mortality rate for age class i, Mi’ is input

to the model.

C. Fishing Mortality

The following assumptions are made with respect to the dependence
“of fishing mortality on the size of the fishable population:
a. Fishing mortality may be divided into density-independent and

density-dependent components.



The density-independent component,- which by definition is not
influenced by the size of the.fishabie pépulation,wconstitqtes“
a time-invariant, background fishing mortality. This
background fishing mortality arises from two sources:

1. nonspecies-specific directed fishing effort (i.e.,
‘commercial and sport fishing effort directed at whatever
species are available).

2. fishing effort directed at the species being modéled that
is not sensitive to the availability of fish of this

~species (i.e., the hard-core and habitual fishermen).

The density-dependent component of fishing mortélity is a

function of the number of fish and the size of the fish
available to the fishehy for the current year. The following
assumptiops are made with respect to this density-dependent
cpmponeni: |
1. For_popplation sizeé.greater thaq somé m}nimuﬁ (below
| wﬂich the fishigg ié not good enough to sign;ficantl&a‘
influence the fishing effort directed at_theuspecies being
.modeled)f fi;hing'mértality increases“wiﬁh ingregsing o
pobulation sizé."This rélationship exists begagsé higg B
levels of-;bunQance ipqrease fishing‘effort, which in tﬁrn

increases fishing mortality.

r

A maximum fighing mortality exiats that depends on the
maximum fishing effort that can be expended, which in turn
depends on the number of fishermen, boats, etec., available

for the current. year,
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One function for fishing mortality that incorporates these

assumptions is (see Fig. 3)
F[TOTP(t)] = F = FDI + FDD[TOTP(t)] , (5)

where F is the instantaneous coefficient of fishing mortality and con--
sists of the sum of a density-independent term (FDI) and a density-
dependent term (FDD), and TOTP(t) is an index of the usable stock during

year t. The density-dependent term is given by

(0, if TOTP(t) < TOTP1

(TOTP(t) - TOTP1) FDDMAX
FDD [TOTP(t)] FDD = TOTP2 - TOTP1 , (6)

if TOTP1 < TOTP(t) < TOTP2

\FDDMX, if TOTP(t) > TOTP2

where TOTP1 is the population index below which fishing effort is a
minimum and independent of density (FDD = 0), and TOTP2 is the popula—
tipn index above which fishing effort is a maximum and again independent
of density (FDD = FDDMX).

The independent variable TOTP(t) in this density-dependent
(compensatory) function for fishing mortality is the biomass of fish
available to the fishery at the start of year t. As mentioned in
Assumption (c¢), the fishing effort directed towards the fish population
being modeled is a function of both the number of fish and the size
(i.e., age) of the fish. This assumption is implemented in the model

by defining TOTP(t) as:



F [X(1)}, INSTANTANEOQOUS COEFFICIENT
OF FISHING MORTALITY DURING YEAR 't

Fig.

o
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3. Curve for the instantaneous coefficient of fishing mortality during year t as a function
of the biomass of fish available to the fishery at the start of year t.
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TOTP(t) = ME1 CATCH VULN WT n (t) . - j (1)

i=1 i i i i ‘
Again, M isvthe number of age.classes in the population (st;rting with
0). CATCHi is the fraction of the year for which the averaée length
of fish in age class i (LENGTHi)_is greater than oé equal td the
minimum legal length (LEGAL);:iﬁ'is an approximatién.of the effective
fraction of fish in age class ivat the beginning of the year legally
available to the fishery. CA’_I"CHi will be equal tg,O;O or 1.0 in
general fof all but the pivotal age class (i.e., i sﬁch that

LENGTHi < LEGAL §_LENGTHi+ ). VULN1 is the vulnerability to the

1
fishery of fish in age class i relative to the most vulnerable age
class (for which VULNi =1.0);. This parameter reflects that different
parts of a stock legally available to the fishery may differ in their
actual availability because different ages are subjected to different
rates of rehoVal,by the fishery. WTi is the average weight of fish
in age class i1 at the start of year t. For the pivotal age class,

WTi is set‘eQUal”to the weight corresponding to tﬁe minimum legal
length. n;kt) is the number of fish in age class 1 at the start of
year t.

The minimum Qalue for the instgnténeous coefficient of fishing
mortality (F = FDIS occurs when the population size for year t is less
than some minimum (TdTP4) (see Fig. 3), such that thé fishing is not
good enough to sigﬁifiéantly influence the fishing effort:for year t
directed at the species Beihg ﬁodeled.> The ﬁéximum value for the

instantaneous coefficient of fishing mortalify (F = FDI + FDDMX) occurs

»
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when- the population size for year t is greater than -some maximum (TOPT2Y)
(see Fig. 3), such that maximum fishing effort for year t is already -

directed at the species beirig modeled. ' TOTP2 is cadlculated as a ‘multi-
ple of TOTP1 by specifying a proportionality constant (RATIO) such ‘that

TOTP2 = RATIO-TOTP1- . = (8)

The present model has been generallzed to allow either FDI or FDDMX
to vary llnearly in tlme 1n order to reflect real or hypothe31zed

changes in flshlng effort.

FDI = FDIO IYRI*STEPDI

(9)

and  FDDMX = FDMXO IYRI*STEPDD

where IYRI is the model year and STEPDI and STEPDD are the yearly
changes in FDI and FDDMX, respectively. The plus sign in Eq. (9) is
for increasing fishing effort, while ‘the minus sign is for decreasing

fishing effort. The variables STEPDI and STEPDD are calculated as

STEPDI

CHGDI.FDIO/IYRCH
(10)

and STEPDD = CHGDD+FDMXO/IYRCH '.

The quantltles CHGDI FDIO and CHGDD FDMXO are the flnal values for FDI
and FDDMX respectlvely, whlch are reached after IYRCH years IYRCH 1s
the number of years over whlch 1t 1s assumed the spe01f1ed chenge 1n
fishing effort oceurs.

This function for fishieg mortalit& ie.simple;'(feue Earemeters.
instead of five) than the relatively complicated funetion preseeeedhin

Van Winkle et al. (1974) and LMS (1975). This simpler formulation is



14

more in line with our limited knowledge concerning the relationship
between fishing effort and the size of a fish population.

Eqs. (5) and (6) can be readily modified if information for a par-
ticular fish population suggests a different relationship between stock
size and fishing effort. An example of such a modification would be
incorporation of a time lag; e.g., data and general knowledge may
suggest that fishing effort does not vary with the size of the popula-
tion for the current year {TOTP(t)} but for the previous year
{TOTP(t-1)}.

| The Leslie matrix utilizes age-specific estimates of P;» the
probability that an individual eptering age class i will survive to
enter age class i+1. The age-specific, instantaneous coefficient of

fishing mortality (Fi) is calculated from F (Eq. 5) as follows:
F, = CATCH; VULN, F , (11)

where CATCHi and‘VULNi are defined as in Egq. (7). Then

= e-(Mi+Fi) = e %4

where Mi is the age-specific, instantaneous coefficient of natural
mortality (see Section II.B), and Zi is the age-specific, instanta-.
neous coefficient of total mortality (Ricker 1975). Thus, the number
of i+1-year-old fish at the start of year t+1, ni+1(t+1), is cal-
culated from the number of i~-year-old fish at the start of the year

t, ni(t), as follows:

ng,.(t+1) = p, 0, (8) . ' (13)
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D. Yield to the Fishery

Yield for year t is calculated as follows:

YIELD[TOTP(t)] =YIELD = Mg: Wr, (1.0 - e_zi) (Fi/2)n, (t) . '(14)
i= :

We have simplified the equation for yield by using weights at the
beginning ofvthe year, WTi, as opposed to weights at the middle of
the year, AVWT, (Van Winkle et al. 1974). The term (1.0 - e—Zi) is
the probability of mortality for age ciass i from all sources, while
the ratio Fi/Zi specifies the fraction of the total mortality for
age class 1 due to fishing (Ricker 1975, p. 11). Yield will bé under-
estimated by Eq. (14) if fishing occurs before natural mortality. It

will also be underestimated because growth during the year is not

assumed.

E. Probability of Survival for Age Class 0

Although Van Winkle et al. (1974) discuss possible deﬁsity-
dependent mechanisms for fish in age class 0 (i.e., young-of-the-year
or y-o-y), they do not actually provide for such mechanisms in their
computer program because of the Jack of data. The amount of data
available for specifying cbmpensation functions or parameters is still
not at a satisfactory state, but since the possible long-term con-
sequences of compensation in life-cycle models should be explored, such
mechanisms are now included in the program. The model for y-o-y mor-
tality in the present life cycle model was developed by Christensen et

al. (1977). It is outlined below.
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Assume that age class 0 is divided into six sequential life -stages

from spawning time, t to the time of recruitment of y-o-y fish into

o’
age class 1 one year later. The choice of six life stages is
arbitrary. The relative durations of these life stages are denoted by

Ati (i = 1,6), and they must add up to a year; i.e.,

Ati = : 1 year. . : (15)

ne Oy

i

The numbers of  fish within the six life stages are represented by
x1(t), (t0 <t < t1); x2(t), (1:1 <t < tg); ...;.x6(t),

(t5 <t <t +1), where t, = t  + At1, t, =t +‘At1~+ At2’

0 1 0 2 0

ete.. A hypothetical survival curve through these life stages is shown

in Fig. U. x1(to), which is equal to no(to) in the previous

notation, is the number of eggs spawned at time to, and x6(t0+1)

is the number of y-o-y fish at the end of the‘sixth life stage, which

become recruits to age class 1. |
Within éach life Stage, mortality results from three principal

factﬁrs: 1) Dehsity-independent éffects such as predation by éthef

species, unfavorable environmental conditions, and power plant entr;in-

ment and iﬁpingement; (é) intra-life-stage regﬁlétion thréugh competi-

tion for food and resoﬁrces; aﬁd (3) prédaﬁion by and éompetitién from

older age classes. A.simple differential équation combininé tﬁese éhree

factors to de;gribe‘thé populétion dynamics of ﬁhe itﬁ iife stage is,

- M=1

= - (di + g;xi(t))xi(t) - J§1 cijgj(?)xi<§).f ‘ 6

»dxi(t)
dt
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Fig. 4. Hypothetical ‘survival curve of ‘number of y-o-y fish-
through the six life stages.
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<
(¢, 1 2t2t),

where nj(t) is the number of fish in the jth age class at time t
within the duration of the ith life stage. The parameter di repre-
sents the rate of density-independent mortality, including both natural

mortality, d , and power plant related mortality, d , Where
d. =d . +d . . (17)

The term "density-independent" means that the coefficient, di, of
xi(t) in the first term on the right side of Eq. (165, is itself inde-
pendent of the number of fish. The paramepers gi and cij repre-

sent, respectively, rates of intra-life-stage regulation and rate of
predation by and competition from older age-class fish of the same
species. Both of these latter forms of mortality are called
"density-dependent" because the coefficients of xi(t) are gixi(t)

m-1
and £ ci.nj(t), which involve number of fish. It should be noted

=1 J
thatjcompetition for food, represented by gixi(t), usually does not
in itself cause mortality, but renders the fish more susceptible to
other forms of mortality such as predation or disease.

The rate of mortality of fish in age class 0 is almost always much
‘greater (e.g., by more than a factor of 10). than the rate of mortality
of older fish. Thus, one can assume that the nj(t)'s (j =1, .y
M-1) are approximately constant over a yeér in Eq. (16). Therefore,
the number of fish in age class j at the beginning of the year,

nj(to), is substituted for nj(t). Then Eq. (16) can be solved

analytically to yield
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(d; + C;)x,(t, ;) exp( -(d,+C)At,)

x'(ti) - (di + Ci) + gixi(ti”1) (1 - exp( —(di+Ci)Ati)) y (18)
where
M-1 A : _
Ci :'jf1 cijnj(to) . . (19)

There are a total of six equations of the form of Eq. (18), one for each

life stage. Eq. (18) can be written in abbreviated form as

x; (8,) = f(x, (8, )) . (20)

Observe from Figure 4 -that

b
—~
o
~
1}

x;(t) (1 = 2,6) , | ' (21)

mathematically expressing thé fact that the number of fish leaving thé

(i-1)th life stage at time ti equals the number entering the ith life v

stage at the same time. |
Starting with a number of spawned eggs, x1(t0), at the

beginning of the year, the final number of y-o-y fish at the end of the

year is found by applying Eq. (21) six times:
- 22 .
ny(tg#1)  xg(bge1) = (R, (F3(F(F (x (£)))) S

The survival probability for y-o-y fish through the entire year, Py
(see Fig. 1), is then
Py = x6(t0+1)/x1(t0) . (23)
In setting up the model for a fish population it is necessary to

assign values to the natural mortality rates, d . , gi,'and bij'
1
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This may be difficult because of insufficient data. The strategy for
applying the model under such circumstances is to try a sequence of
different cases, with each of these parameters taking different values
over a plausible range. It may be possible to estimate directly the
values of power plant mortality, dp,i’ but it is more likely that
these will be deduced from empirical models or from indirect evidence
such as estimates calculated with transport models (Eraslan et al.
1976, LMS 1975, Hess et al. 1975, Warsh, 1975).

The survival probability through age class 0, Dy, eAn he decom=
posed into survival probabilities, Poi° through each of the six life

stages;

. 24
Pg = Pgq Ppo -+ Ppgo (242)

or

PNS (24b)

o - Po1 Po2 --- Pog

in the absence of power plant mortality (i.e., d = 0.0, i=1,

p,1i
caey B). PNSO is the y-o-y survival under natural conditions, in the

absence of power plant mortality, and from Eq. (18)

pOi = Xi(ti)/xi(ti—1)
N (dn,i + Ci) exp ( -(dn,i + Ci)Ati) 259
d, ; +C, + gixi(ti_1) ( 1.0 - exp( -(d, ; + Ci)Ati)) '

i ’

.It may be easier to estimate Poi than dn i for a particular life
?

stage. In this case, when the other mortality rates (i.e., 8;» cij)
an zj(tj_1) are known, dn ; can be calculated from (25). This

y L

optinn 1 available in the computer code.
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F. Steady-State Analysis

The negative feedback of the y-o-y mortality functions and -the
fishing mortality functions compels the great majority of realistic
cases to converge eventually to a steady-state population. The
remaining cases will run asymptotically toward infinity 6r to extine-
tion or, in some instances, will run to a stable but oscillating popula-
tion. In general, the probability of survival for age class 0 in the

absence of power plant mortality, PNS cannot easily be determined

0’
from field and/or laboratory data. This parameter is commonly the
least accurately known parameter in a life-cycle model.

This section will show that exactly Qne PNSO value and steady-
state population vector.exist when the biomass available to the fishery
is assumed known and all other adjustable parameters are fixed. An
analytic derivation of the solution is provided. A similar aﬁalytical
technique originally was proposed and'used in the earlier striped bass
life-cycle model (Van Winkle et al. 1974) and recently was proposed and
used by Vaughan and Saila (1976). Lawler, Matusky and Skelly Engineers
(1975) adopted the same general approach, although they selected the
first-order expenenﬁial mortality rate (i.e., the instantaneous
mortality rate, Z) for adults as the free parameter to be uniquely
determined. They then estimated this parameter using an iterative

convergence scheme instead of an analytical expression.

A steady-stale solution by definition has the property

ni(t+1) = ni(t) i=0,1,2,...,M=1, (26)
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where M-1 is the oldest age class. Since such a solution is time
invariant, the notation for time, t, can be omitted.
Based on the steady-state definition and assuming no power plant

mortality, we have

1 nOPNS0 ,

2]
"

n, = nyPy = ngPNSep,

and correspondingly for higher ni.‘ In general,*

i-1
n, =n PNS, II p (i =2, ..., M=1) . (27)

The average number of eggs produced per fish (both sexes combined)
upon entering age class i at the beginning of a year is given by f (see

Eqs. 1-U4). Thus, the total number of eggs produced is

n.= L n,f, , (28)

*EQuation (27) is not valid for ny_ 4 without some redefinition. The
equation assumes Ny_q = nM-ZpM—Z . In the model, however, age
class M-1 is actually considered to consist of age class M-1 plus all

older age classes. Therefore,

M-1 = "M-2PMo * "M-1PMoq
or
I =1
M-1 - ,
1.0 = pM_.1

If we temporarily redefine py . as {py_,}new = py /(1.0 - py .),
Eq. (27) becomes valid.
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or, by Eq. (27),

M-1 i-1
ny = nyPNS, (f‘1 + -Z £, .H pj) , (29).
i=2 J=1
Solving for PNSO, we obtain finally
M-1 i1
= I
PNS, .0/ (f,+ L £, pj) (30)
i=2 J=1

The value of TOTP (see Section II.C) which the steady-state

solution is selected to satisfy is
TOTP = (TOTP1 + TOTP2) / 2.0 . (31)

Given this value of TOTP, steady-state Fj values may be calculated by

Eq. (11). Given the Mj values, then PNS. is determined by Eq. (30).

0

Once ng is specified, Eq. (27) will immediately yield the rest of the
population vector.
Note that the selected value of TOTP (Eq. 31) must equal its

defined value:

M-1
TOTP = ~ VULN, CATCH, WT., n, . (32)
. i i i
i=1
Substituting from Eq. (27)
M-1 i-1
TOTP = nOPNSO -Z VULNi CATCHi WTi ?1 pj y (33)

i=1 J

Gada . whe
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or

A . M-1 i-1
=_TOTP/?NSO( ia VULNi CATCHi W'ri j{[1 pj) . (34)

Mg

G. Stock and Recruits

Two variables of potential interest in evaluating a fish popula-
tion at equilibrium are stock and recruits (or progeny) (Ricker, 1954
and 1975).' In a multiple-age-class model, and parﬁicularly in one
which incorporates density-dependent mortality rates for most age
clasées (Sections C and E), the choice of indices of stock and progeny
is not clear cut. Rather, the choice and definition of the indices
. must depend both on the manner of application of the model and on the
':use to which information on stock and progeny will be put. For this
réason, we have nof incorporated specific indices into the model, but
siﬁply'note that stock-recruitment or stock-progeny relationships could

be obtainéd.

H. Concept and Definition of the Impact Factor

| Tﬁo quantities of interest in impact analysis are the potential
annual percentage reduction in survival through the first year of life
due to a power plant and the resulting long-term, steady-state change
in adult population size. The reciprocal of the ratio of these two
quantities, which we call the "impact factor", has sometimes been
estimated on the basis of professiénal Jjudgment, particularly in cases
where y-o-y models have been used without life-cycle models in an
attempt to forecast population-level impacts (Warsh, 1975). With a

life-cycle model the impact factor, I, is defined as
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FRA . Ce
I = -F—R— ’ for FRY > 0. (35)
.Y . . . :
The numerator of Eq. (35) is defined as
i Alp o -Alpp | S (36)
A AIT,O

AIT is the chosen index of adult population size (e.g., TOTP; seé Eq.
7), evaluated at a time T such that thé index is either stable or has
reached a minimum. The subscript O represents a model run without power
plant mortality. The subscript P denotes a run.with power plaht mor-
tality. Thus, FRA is the resulting long-term, stéady-state fractionai
reduction in the chosen index of the adult population size.

The denominator (FRY) of the expression for thg impact factor
(Eq. 35) is defined as the fractional reduction in the number of sur-
vivors from egg to age 1 owing to power plant mortality in the absence .
of compensation. A value for this parameter is input to the modgl.

FRY has the property that

o %o |, - (37)
P 5

where PNS. 1s the probabllily of survival through age c¢lass 0 without

0
power plant mortality, and PO is the probability of survival through -
age class 0 with power plant mortality - in both cases with no compen-

sation. In a model simulation using y-o-y compensation, the actual
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fractional reduction in survival from eggs to yearlings will not be as

large as FR and it will change as the older age classes respond to

¥’
the impact.

Power plant mortality for each of the six life stages within the
Oth age class is determined by specifying the relative fractional

reduction in the number of survivors from eggs through life stage i in

the absence of compensation (RFRi; i=1, ...6; RFR6 = 1.0). Then

FRizRFRi FR i=1,...,6, (38)

y
where FRi is the fractional reduction in the number of survivors from
‘eggs through life stage i owing to power plant mortality in the absence

A, of compensation. Note that FR6 = FR,, since RFR6 = 1.0. Values

Y
: for relative fractional reduction from egg to yearling (FRY) may be
estimated empirically (Texas Instruments, 1975) or from the results of
y-0-y simulation models. FRY may be varied to represent different
power plant configurations (e.g., once-through cooling versus
closed-cycle cooling) and the RFRi values may be varied to represent
different vulnerabilities of the individual y-o-y life stages to power
plant mortality. Once the values of FRi calculated (Eq. 38), the

values of di p (Eq. 17) may be calculated sequentially starting with

eggs as follows:

For eggs

FR, = %1080 = %y p0) (39)
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where X, 0(t1) is the number of eggs at the end of the egg life
H
stage (i.e., at time t1) without power plant mortality, and
X, p(t1) is the same quantity but with power plant mortality.
H .

However, in the absence of compensation,

x1’0(t1) = x1(t0) exp (_d1,dAt1)

and

xhp&1)=xﬁt& am(-@dLE@MPMtQ,

where x1(t0) is the number of eggs spawned at time to, At1 is

the duration of the egg life stage, d1 n is the rate of density-
’

independent mortality for eggs, and d1 p is the rate of power plant

1

mortality for eggs (see Section II.E). After substitution of Egs.

and (41) into Eq. (39) and some simplification,

FR1 = 1.0 - exp(—d1’pAt1)

or

d1,p = - 1In(1.0 - FR1)/At1

For life stage i

where x. .(t.) is the number of individuals in life stage i at the

i,0 71

end of that life stage (e.g., at time ti) without power plant

mortality, and Xy p(ti) is the same quantity but with power plant
y

mortality. However, in the absence of compensation

(40)

(41)

(40)

(42)

(43)
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n

TR=R"

xi,O(ti) = x1(to) exp (_dj, Atj) : (u4)

J=1

and

=

xi,p(ti) = x1(to) exp (—(dj,n+dj,p)Atj) ) (u5)

j=1

where x1(tn) is again the number of eggs spawned at time to, tj is

the duration of life stage j, dj n is the rate of density-independent
’

natural mortality for life stage j, and dj D is the rate of power
. ’

" plant mortality for life stage j (see Section II.E). After substitu-

tion of Egs. (44) and (45) into Eq. (U43) and some simplification,

i
FR. = 1.0 - II -d, At
i T exp (-d; A% )
j=1
or
i-1
_ 1 {n(1.0-FR.) + T d., At} (46)
di,p - = Ati 1 j=1 J’p J

I. Limitations of the Model

It is useful to summarize the main approximating assumptions in
ourr model, sinve Lhese lmpose 1imits on the moédel's usetulness. The
model is a "single-species" model; effects of changes in lower trophic

levels are not taken into account. Density-dependent influences on
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growth are not included except indirectly as they are related to y-o-y
mortalilty. Possible density-dependent effeéts on fecundity and on the
1engths, Ati, of y-o-y life stages, are also ignored. Finally, we
neglect possible density-dependent power-plant mortality. As C. P.
Goodyear (personal communication) has pointed out, power-plant induced
mortality qould be density-dependent when y-o-y fish are weakened by
intra-life-stage competition for food.

Despite these and other simplifying assumptions in our model, we
expect it to adequately simulate the important features of a fish

population subjected to additional y-o-y mortality.

J. Summary of Data Necessary for Model

In the above sections, we have described the theoretical develop-
ment of the life cycle model. It may be confusing to the reader at
this point as to what data actually have to be supplied to the model.
These are described briefly below, with reference to Fig. 5.

The data that must be supplied are:

1. The number of age classes, M (see line 38 of Fig. 5); this is
currently limited to 16, Many dimension statements would have to
be changed to increase this.

2. 1Initial population number estimates for each age class (lines 39
and 40).

3. FMTi; the fraction of females wﬁich are mature in age class i
(lines 43 - 46), This parameter is designated FMATi in the text

(Eq. 1).
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Fig. 5. Example 1 - Input data.
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FNMi; the instantaneous natural mortality rate for fish of age

class i (lines 47 - 50). This parameter is written Mi in the

text (Eq. 12).

FRY; the relative fractional reduction in the number of survivors
from eggs through yearlings owing to power plant mortality in the
absence of compensatién (line 50). This is designated FRY in

the text (qu 38). NOTE: If the instantaneous rates of power
plant mortality, dp,i’ are specified for the individual life
stages, it is not necessary to specify FRY since knowledge of FRY,
along with RFRi (see item 24 below) is equivalent to knowledge

of the six dp,i' See item 19 below for further information.

FDIO and FDMX0; density-independent and maximum density-dependent
fishing mortality rate coefficients, respectively (line 51).
These are referred to in Eq. 9 of the text.

EPS; measure of convergence of Newton's method for solving Eq.
(25) (line 51). The current value of EPS = 0.00001 is probably
appropriate for most purposes.

TOTP1; a population index below which fishing effort is a minimum,
and is independent of fish density (line 51). See Eq. (6) of the
text.

LEGAL; minimum legal length (mm) for fishing (line 52).

RATIO; ratio of TOTP2 to TOTP1, where TOTP2 is the population
index above which fishing effort is a maximum (line 52). See Eq.
(8) of the text.

B3 and BU; coefficients of weight-length regression (line 52).

These coefficient.s are written B3 and Bu in the text (Eq. 3).
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13.

.

15.

16.

17.

18.

19.
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B1 and B2; coefficients of eggs vs. weight regression equation
(line 53). These coefficients are written B1 and 82 in the

text (Eq. 2).

ATMAX; the maximum numbér of iterations performed in the solution
by Newton's method of Eq. (25) (1line 53). This can normally be
set to 100.

FFi; the ratio of female fish to the total number of fish
entering age class i (lines 53 - 57). See Eq. (1) of text.
ACON, B, and C: coefficients of the length vs. age regression
equation (lines 57 - 58). See Eq. (4) of the text.

VULi; vulnerability to the fishery of fish in age class i
relative to the most vulnerable age class (lines 58 - 62). This
is denoted VULN, in the text (Eq. 7).

IYRCH, CHGDI, and CHGDD; parameters related to changes in the
minimum and maximum fishing effort through time (lines 62 - 63).
See Egqs. (9) and (10) in the text.

DELTi; durations of y-o-y life stages (lines 63 - 64). These
are denoted Ati in the text (Eq. 15).

DAPi; instantaneous rate of density-independent power plant
mortality of fish in the i'! y-o-y life stage (lines 64 - 66).

In the text this is denoted dp i (Eq. 17). NOTE: If FRY and

’
RFRi are known, it is not necessary to specify the DAPi's.
These values should be set to zero. If the DAPi's are set to

nonzero values, they will be used instead of FRY and RFRi.

.
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21.

22.

23.

24,
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ZSi; the probability of survival through the ith y-o-y life

stage in the absence of power piant mortality (lines 66 - 67).
This is designated by Po; in the text (Eq. 25). NOTE: If the
density-independent instantaneous natural mortality rates, dn,i’
are specified, the ZSi's need not be specified and can be set to
zero. |

CAi.; instantaneous rate of mortality of fish in the ith y-0-y
life stage caused by cannibalism and competition from the jth

age class (lines 67 - 75). This is referred to as cij in the

text (Eq. 16).

GAi; instantaneous rate of density-dependent natural mortality
through competition for food and other resources among y-o-y fish
in the ith life stage (lines 75 - 76). This is called g; in

the text (Eq. 16).

DANi; instantaneous rate of density-independent natural

mortality of fish in the ith y-o-y life stage (lines 76 - 78).
This is called dn,i in the text. NOTE: If the ZSi's are
specified, the values of DANi must be set to zero in the input
data; if the DANi's are nonzero, the program will use these
instead of the ZSi values.

RFRi; relative fractional reduction in the number of survivors
from eggs through life stage i in the absence of compensation
(lines 78 - 79). This is discuased following Eq. (38) in the
text. NOTE: If the instantaneous rates of power plant mortality,
d_ ., are specified, it is not necessary to specify FRY and

p,1
RFR, .
i
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25. RJAGE; a adjustable input parameter which determines which value
of A(I,I+1) is to be stored as OUTPT(8) for later printing in a

summary table (e.g., RJAGE = 5 implies A(5,6) is printed).
ITI. COMPUTER PROGRAM

A. Introduction

This chapter contains a description of the FORTRAN computer program
implementing the population model as well as detailed instructions for
using this program. The program is general in design, allowing
different types of fish pqpulations to be simulated by simply changing
theAinput values of the "adjustable" parameters and initial population
densities. "Command" cards in the inﬁut data are used to specify the
desired sequence of data input, parameter changes, simulations, and
printout of results. In this respect the program is highly flexible,
offering a variety of options.

Succeeding sections describe in detail the input and output and
document the routines. Following documentation of the routines, two
sample cases (Section III.F) are presented, parts of which are referred
to earlier in discussing the input and output from the model. The

Appendix provides a complete program listing.

B. Input Setup
The input is based upon a set of short mnemonic commands (e.g.,

EP, RO). Each "command card" contains a field for the command, followed
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by fields which supply further information. With one exception,¥
command cards are sequentially read and executed in a "once through"
procedure. The format is always A5, 10I5.

Command cards which request reading or changing of the initial
vector of parameter values are immediately followed by cards containing
the pertinent values. An example of input setup (command cérds and
parameter values) is given in Fig. 5. The reader may find it easiest
té refer to these examples first and then look up the meanings of the
commands listed alphabetically below. The feader should refer to Table

1 for the meaning of various input parameters.

1. BEGN - Begin by Resetting to Input Values

‘This command is used to dénote the beginning of a set of related
cases and to restore initial population vector or parameter set input
values. Although its use is not required, it aids in output identifi-
-cation. In the absence of this card, graphic and tabular output frdm
this set will not have a unique identifying set'number; also, the
parameter set and initial population vector will remaiﬁ at their
present values, which may be appropriate only for previous cases.

Col. 1-5 Format A5 'BEGN', left adjusted.

¥The "DO section" is a group of commands which may be reexecuted by

means of another command.



Table 1. Program Variables

Fortran :
variable Dimension Mathematical Found in
nzme (if array) symbol Definition subroutine
A M,M) A(t) Survival-fecundity matrix for the current 1, 2, 8, 26
year; A(I,I-1) = P;
ACON ACON Coefficient of the zero-order term in the 8
quadratic relation between LENGTE and AGE
AGE AGEi Age of fish in years at the ith annulus 8
formation
ALG10 intermediate variable used in calculating 8
weights of fish at annulus formation from
their lengths
ANAM Temporary intermediate stcrage 11
ARAY (6,9,5%) Storage array for values cf OUTPT, REL, 19
and IMPACT, which are later printed
ATMAX Maximum number of iteratians performed 2
-n SUBROUTINE SOLVE to find the unknown
]
dn,i s from Eq. (23)
AVAL {4) Temporary intermediate storage for 11
rarameter values
B B Coefficient of the first-order term in &
the quadratic relation between LENGTH
end AGE
Bl Bl Coefficient of the zero-order term in 8
the linear relationship be:ween EGGS
and WT (weight) of fish
B2 B2 Ccefficient of the first-o-der term ir &

thke linear relationship bezween EGGS
and WT

9€



Table 1. (continued)

Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
B3 B3 Coefficient of the zero-order term in 8
the linear relationship between LOG10
(WTi) and LOGlO(LENGTHi)
B4 B4 Coefficient of the first-order term in 8
the linear relationship between LOGlo
(WTi) and LOGlO(LENGTHi)
BC (6,9,7) Storage array for benefit/cost infor- 19
: mation, which is later printed
BLOCKA COMMON/BLOCKA/ OUTPT(ZO),IMPACT(ZO), 1, 2, 8, 9, 10, 24
REL(20)
BLGCKL COMMON/BLOCKL/ VNAME (256) 1, 11
BLOCKN COMMON/BLOCKN/ N,NVARB, MVARB 1, 2,8, 9, 10, 11
BLOCKV Y COMMON/BLOCKV/ VARB(256) 1, 2, 8, 9, 10, 11, 25
BLOCKY COMMON/BLOCKY/ YIELD,FTP,CATCH(lG),. 1, 2, 8, 9, 22, 25, 26
FFM{16),F(16),WT(17),JYP
BLOKNS COMMON/BLOKNS/ GAS(6),2SS(6),CCAS(6), 1, 2
DELTS(6),XX(7),DAPS(6) ’
C C Ccefficient of the second-order term 8
in the quadratic relationship between
LENGTH and AGE
o 16,M) cij Rate of mortality of fish in the ith 2, 10

y-o-y life stage caused by cannibalism
and competition from the jth ages class
(3>0)

LE



Table 1. (continued)
Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
IDETPR Integer variable whese value determines 1
whether program prints detailed yearly
output or summary output
IER An integer set equal to 1 if an invalid 11
parameter name is encountered in input
IGPH Index identifying graph to be plotted 15
IMPACT (20) Storage array containing values of i, 9, 10, 21, 24
impact factors (IMPACT(I) = (1.0 -
REL(I))/FRy)
IN Integer specifying mode of reading 11, 15
input ( IN=5 or 10 )
INTRY (6) Years for which the output of a run 18
are to be listed in a summary table
or (10) Vector field following each command 1
and supplying further infcrmation
IROW 9) Years for which ‘summary tzble data are 1
printed out
ISET Identification number for sets of 1, 8
relatea cases
v Subscript and running index
1Y Subscript and running index 8. 11
1YC Subscript and running index 13
IYR Subscript and running index 1, 2°

g€



Table 1. (continued)

Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
FMAT M-1) FMATi Array giving for each age class the 8
probability that a female is sexually
mature upon entering that age class
FNM Mi Age-class specific coefficient of 2, 8, 25
instantaneous natural mortality
FR FRi Fractional reduction in the number of 10
survivors from eggs through life stage
i in the absence of compensation
FRY FR Fractional reduction in the number of 24
y survivors from eggs to age 1 due to
power plant mortality in the absence
of compensation
FTP F Non-age-class specific coefficient 6f 9, 24
instantaneous fishing mortality
GA (6) 8 Rzte of density-dependent self-regulation 2, 10
through competition for food and other
resources among y-o-y fish of the ith
life stage
GAS (6) 8, Same as GA 2
I Subscript and running index i, 2, 7, 8§, 10, 11, 15, 16, 18
21, 24, 26
IAT Part of the logic involved in reading 1, 16
in commands in a DO section
IDEL 9) An array which stores the years for 1

which values are to be plotted out
in graphs 1 and 2

6€



Table 1. (continuad)

Fortran i .
variable Dimension Mathematical “Found in
name (if arzay) symbol Definition subroutine
EX Variable used in reading and recognizing 14
commands in a DO section ’
F ™) Ei - Array giving the average number of 2, &, 24
mature eggs in the ovaries of a fisk, S
male and female combined, upon entering
age class i ‘
FALSE ‘Logical variable set to the logical 1
value 'FALSE' and used ia logical
comparisons for controlling the flow
of the ‘program
FDI FDI(t) Density-independent term in insténtaneous 9
coefficient of fishing mortality
FDIO FDIC Initial value of time-ckanging FDI(t) 9
FDD FDD(TOTP(t)) Density-dependent term in instantaneous 9
coefficient of fishing mortality
FDDMX FDDMX Maximum value of time-changing FDD 9
FDDMO FDDMO Initial value of time-changing FDD 9
FEEDBK Logical parameter used zo specify 1
which option should be used in
subroutine MAKMAT
FF (M-13 FFi Array giving for each age class the 2, 8
ratio of female f£ish to total number
of fish entering that age class
FFM - Fi Age-class specific coefficient of 2, 8, 9, 24, 25

instantaneous fishing mortality

Ot
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Table 1. (continued)

Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
DAP (6) d i Rate of density-independent power 2, 10
Ps plant induced mortality of fish i
the ith y-o-y life stage :
DAPS (6) d . Same as DAP 2
P,
DELT (6) Ati Duration of the ith y-o-y life stage 2, 10
DELTS 6) Ati Same as DELT 2
DUMMY VARIOUS Dummy name used by a subroutine for 2, 8, 9, 10
a block of variables appearing in a
COMMON statement in that subroutine
but not actually used by the subroutine
EGGS EGGSi Average number of mature eggs in the 8
ovaries of a sexually mature female
striped bass upon entering age class i
EGTABL Logical function; if TRUE, a table of 2, 8
"vital statistics' - lengths, weights,
fecundities, etc., for each age class
is printed out
ENTRY Variable used in reading.and recognizing 7, 14
commands
EPS EPS The measure of convergence of Newton's 2
- - method in solving for the root of an
equation (currently EPS = 1.0 x 10-5)
EPSI Same as EPS 2
ENDLD Final value of time-varying FDDMX 9

Lt



Table 1. (continued)
Fortran .
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
CATCH M) CATCHi Array giving for each age class the 2. 8, 9, 24
2ffective fraction of fish at the
beginning of the year legally available
to the fishery. Each CATCH; is approxi-
nated as the fraction of the year for
which the average length of fish in age
class i is greater than or equal to the
- ninimum legal length, LEGaL
CCA (6) C. Rate of mortality of fish in the ith 2
i . - .
y~o-y life stage caused b¥ cannibalism
and competition from the sum of all
older age classes
CHGDI CHGDI Coefficient of the yearly change in 9
FDI, the density-independant
coefficient of fishing mo-tality
CHGDD - CHGDD Coefficient of the yearly change in 9
FDMX, the maximum possiblz2 coefficient
of fishing mortality
CMND (20) Array of command names 7
COLHD Column headings, representing different 13
values of FRY-1.0, for th= table of
fractional change in survival proba-
bility for age class O
DAN (6) dn i Rate of density-independeat nacural 2, 12
3

mortality of fish in ith y-o-y life
stage

chr



Table 1. (continued)

b

Fortran .
variable Dimension Mathematical Found in
name (if array) symb>l Definition subroutine
MR M Maximum row dimension of the Leslie 1, 2, 11
matrix (=M)
MUSDO The. number of commands in a DO section 1, 16
MVARB Number of variable parameters whose 1
values can be adjusted
N Number of elements in the population 1, 2, 8 9, 11, 18, 25
vector (=M)
NCHGS Number of different cases of power plant 1, 21, 24
impacts run in a particular series
NCOLS Number of columns printed out in table 21
of fractional changes in survival
probability for age class 0, (NCOLS =
NCHGS)
NEGGS Total number of eggs spawned by all 8
females in all age classes
NEXT Part of the logic involved in 1, 16
rezching in commands in a DO section
NM Number of age classes which can 2
cannibalize young (=5 presently)
NMI N-1 2, 8
NOUT Total number of output variables stored 21
in OUTPT array for printing out of sum-
mary table (=16)
NROWS Number of years for which summary table 1, 15, 18, 21

data and graphs are printed out

th



Table 1. (continued)
Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
IYRS (9) an array which stores years for which 1z
data are plotted out in graphs 1 and 2
IYRCH ITRCE Rumber of years over whichk it is assumed 2, 9, 10, 24
a specified change in fisking effort
occurs
IYRI Running index used to keep up with the 1, 8, 9, 24
number of elapsed years ir a run
J Subscript and running index 2, 9, 10, 11, 15, 16, 21, 25, 26
JAGE J for which A(J+l, J) is grinted in
summary table
JYR age class in which fish erter the 2, 8, 24
Zishery
K Subscript and running index 11, 15, 18, 21
KMND The number of a particular command
LEGAL " LEGAL Hinimum legal length of striped bass 8
Zor the fisheries
LENGTH LENGTHi Hean total length of a fish at the ith 8
annulus formation
LES The number of years that impacted values 21
of yield, TOTP, or n, have fallen below
a certain percentage, PER, of the base
case
LNGTMI LENGTH_:_l Average total length of a fish at the 8

i-1)th annulus formation

fth



Table 1. (continued)

Fortran )
variable Dimension Mathematical ) Found in
name (if array) symbol Definition subroutine
VNAME (256) Dummy name used by main program for 1, 11, 12
array of names of the adjustable
parameters
VULN (¢59) VULNi Relative vulnerability of fish in 2, 8,9
age class 1 to fishing
WATE intermediate variable used in calcu- 2
lating TOTP
WT (M+1) WTi Array giving for each age class the 2, 8, 24, 25
average weight of a female at annulus
formation
X POi Fraction surviving through successive 2, 10
y-o-y life stages
Xw Fraction surviving through successive 10
y-o-y life stages in the absence of
power plant effects
Y Number of y-o-y fish remdining at 10
end of successive life stages
YIELD YIELD(TOTP(t)) Current yield of biomass to the 1, 24, 25
fisheries
YR Year number (in floating point) of 1
' current year
YW Number of y-o-y fish remaining at 10

end of successive life stages in
the absence of power plant effects

Sh



Table 1. (continued)
Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine
RJAGE An adjustable input parameter which 8
determines which value of A(I,I+l) is
to be stored as OUTPT(8) for later
printing in summary table
SAVP (256) An array which stores initial population 1
data
SET Identification number of a set of 15, 21
related cases .
STEPDD STEPDD Yearly change in FDI 9
STEPDI STEPDL Yearly change in FDDMX 9
TEMP (16) Vector of temporary storage 1, 15, 24, 26
TITLE (14) Array for storing title to be printed
on hard copy
TOTP TOTP (t) Total biomass of fish legally awvailable 1, 2, 8, 9, 24
to the fishery at the start of the cur- ’
rent year
TOTP1, TOTP1, The minimum and maximum biomasses 1, 9
TOTP2 TOTP2 expected to be actually available
to the fishery over, for example,
a 10-year period; only TOTP1 is
adjustable
TRUE Logical variable set to the logical 1
value "TRUE" and used for logical
comparison in controlling the flow
of the program
VARB (256) Dummy name used by main program for 1, 11

entire array of adjustable parameters

A

9%



number of survivors from eggs through
life stage i in the absence of
compensation

&2 -
Table 1. (continued)
Fortran
variable Dimension Mathematical Found in
name (if array) symbol Definition subroutine

PNZ (16) Used in manipulating initial vector 1
: " of population estimates
PNO M) n(to) Initial population vector with 1, 11, 18

elements n,

i,t
0

PPX Survival from spawning to the end of 8, 10

y-o-y life stage i
PSET (16) Storage array which stores NCHGS values 1, 15, 21

of FR, for later printing out of column

headings in summary table
RASH (16) RASH(I) is the ratio of fish in age 2

class i to fish initially entering

age class 1
RATIO RATIO The average ratio of the maximumlto the 1, 9

minimum biomass actually available to

the fishery within, for example, 10 or

20 year periods; used in calculating

TOT?2 from TOTP1
RCPUE Relative catch per unit effort 1, 24
REL (20) Array storing relative values of 1, 21, 24

OUTPT variables (REL(I) - OUTPT(I)

/OUTPT(I)O), for printing out in

summary table
RFR (6) Relative fractional reduction in the 10

Lh



Table 1. <{continuec)

Fortran
variable Dimensicn Mz:zhematical Found in
name (if arrey) symbol Definition subroutine

NP Parameter specifying location in the 11
array of adjustable parameters for the
parameter of interest

NREL Total number of output variables stored 21
: in REL and IMPACT arrays for printing
o1t in summary table (=7)

NTYPS Number of types of data (i.e., OUTPT,
R3L,IMPACT and BC) printed out in
summary table (NTYPS = 4)

NVARB - Number of adjustable parameters whose 1, 11, 12
values can be varied interzctively

NYR Parameter for storing number of years 1
i1 a run

OUTPT (20) Array storing assorted variables, des- 1, &, 9, 10, 21, 24
cribed in section III.C.2.&, to be
printed out in summary table

OUTNAM (4) Array storing captions 'OUTPT', 'REL’, 21
'IMPACT' and 'B/C' for use in summary
table

PARAM Parameter containing name of one of the 12
adjustable parameters for comparison with
parameters in input data

PER A percentage value which is compared with 21
the percentage which impacted values cf
yield, TOTP, and n, have fallen below
tae base case values

PN ™) nit) Carrent population vector with 1, z, 8, 10, 11, 18, 24, 26

elements n,
i,t

gh



4. RCN

Table 1. (continued)
Fortran
variable Dimension Mathematical Found in

name {if array) symbol Definition subroutine
YRVAL (101,9,4) Stores yearly values of PFM,YIELD,PN(2), 1, 15, 21, 24

and TOTP for later printing
ZS (6) P i Probability of survival through the ith 2
Z» y-o-y life stage

Z8S (6) Same as Z$S 2

6t
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Col. 6-10 Format I5 To return to the input population
vector, leave this field blank or
enter a zero.* To keep the present
value of the initial vector, enter a
nonzero number.

Col. 11-15 Format I5 To return to the input parameter set
values, leave this field blank. To
keep the present values of the
parameter set, enter a nonzero
number,

Col. 16-20 Format I5 | The usér may specify the set number
here. Otherwise, the set number is

incremented from the previous set.

2. CI - Change Initial Values

This card specifies how many of the values of the initial

population vector are to be changed. The command card format is:

Col. 1-5 Format AS 'CI', left adjusted
Col. 6-10 -Format I5 The number of the initial values

of the population vector to be changed

*In integer fields, a zero is equivalent to no entry.
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Immediately following the command card are the changed initial values

with the format,
4(15,E10.0,5X)

The I5 field contains the age class, from 1 to M, followed by the new
value in the E field. Thus, the age class is entered in columns 1-5,
21-25, 41-U5, 61-65, while the value for the number of fish in the

corresponding age class is entered in 6-15, 26-35, 46-55, 66-75.

3. CP - Change Parameter Values

This card specifies how many adjustable parameter values are to be

changed. The command card format is:

Col. 1-5 Format A5 'CP', left adjusted.
Col. 6-10 Format I5 , The number of parameters to be
changed.

Therefore, up to four parameters are entered per card, the parameter
names being left adjusted to columns 1, 21, 41, and 61, and the new

parameter values located in columns 6-15, 26-35, U46-55, and 66-75.

4, DO - Execute and Save the Commands Following

The cards following this card through an ENDO card are to be
executed normally but also saved for reexecution (REDO). This set of
cards comprises a 'DO section'. Note that the DO card introduccs, but
is not a part of, the DO section. A DO section may contain only one

ENDO card and no DO or REDO cards. All other cards are permissible.
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Only one DO section at a time is saved, that being the one most
recently encountered.
Note that after this command is read, the full DO section is read,

listed, and stored, and then is executed.
Col. 1-5 Format A5 ~ 'DO', left adjusted.

5. ENDO -'Terminate the 'DO' Section'

This command performs no operation other than specifying the end

of a 'DO section'. This is always the last card of a DO section.

Col. 1-5 Format A5 'ENDO', left adjusted.

6. ITR - Calculate PNSO to Achieve a Target TOTP

A routine is called which analytically calculates the PNSO value
and population vector associated with a target value of TOTP equal to

(TOTP1 + TOTP2)/2.
Col. 1-5 Format A5 'ITR', left adjusted.

7. OUT - Generate Graphic or Tabular Output

The OUT card requests that part or all of the data specified by
the RO card be output.

After the processing of each 'OUT' card, the data are cleared,
Thus, .each collectién of related data may be accessed once only by an
'OUT' card. There are.two tables and two graphs that may be
requegted. The content of these tables and graphs is discussed in

detail in the next section on Output (Section III.C).



Col. 1-5
Col. 6-10
Col. 11-15
Col. 20

Format A5

Format I5

Format I5

Format I1
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'QUT', left adjusted

Enter the sum of‘the code numbers of
all deéired types of output:A
Summary table = 1; Benefit/Cost
(b/c) table = 2; Graph 1 = U4; Graph
2 = 8; Thus to request the éummary
table and graphs 1 and 2 enter 1 +

4 + 8 = 13 in columns 9 and 10.

Some sets (as defined by the BEGN
card) have more than one OUT card.
If the user enters any'nonéero
number here, the output from eacﬁ
such 'subset' will have a pqsitive
subset number appended to the set
number. For example, if s2t 5 has
three subsets and thus three 'OUT'
cards for which this field is
marked, they Qill be designated 5.1,
5.2, 5.3 in the output. When this
field is blank, the subset number is
always zero.

To specify the reference case from
which differences in relative yields
are calculated for the benefit/cost

output, enter in this column the
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sequence number of the reference
case., The first case for which b/c
output is generated is number 1, the

second case number 2, etc.

8. PI - Print Initial Vector

Inclusion of this card generates output of the current population

vector.

Col. 1-5 Format A5 'PI', left adjusted.

9, PP - Print Parameter Set

. Inclusion of this card generates output of the current parameter

set, consisting of names and values.
Col. 1-5 Format A5 'PP', left adjusted.

10. RO - Run from Year Zero

This card requests a run for a specified number of years starting
with the current initial population vector and the current parameter

set. All other fields on the card supply output information.

Col. 1-5 Format A5 'RO' ("R-zero"), left adjusted.

Col. 6-=10 Format A5 The number of years to run.
Col. 11-15 Format A5 IDETPR, yearly ﬁrinting detail:

IDETPR > 0O generates detailed yearly

values;



Col. 16-20 Format IS5

Col. 21-25, Format 6I5
26-30,
31-35,
36-40,
41-45,

46-50.

Col. 51-55 Format I5

55

= 0 generates one line of out-
put per year;

< 0 suppresses yearly output.
Enter the sum of the code numbers of
all desired types of output (same as
for the 'OUT' card).
Summéry table = 1;
Benefit/Cost (b/c) table = 2;
Graph 1 = 4; Graph 2 = 8;
The content of these tables and
graphs is discussed in the next
section on Output (Section III.C).
If the values in this run (and all
RC continuations) are to be listed
in a summary table, enter the years
for which values are to be output.
Up to six years are permitted.
These entries are necessary only for
the first such RO card associated
with each OUT card.
Enter a nonzero number in column 54
to generate a table of "vital
statistices": age, length, weight,
eggs per female, sex ratio, fraction
of females sexually mature,

fecundity, legal catchability,
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vulnerability, and conditional

'probability of natural mortality for

each age. Enter a nonzero number in

column 55 to suppress printing of

the final population vector of this

run and any RC continuations.

11. RC - Continuc Running

Continue running from the last point for a specified number of

years. All output other than yearly printing detail is determined by

. the most. recent previous RO card.

Col. 1-5 . Format A5 'RC', left adjusted.

‘Col. 6-10 Format IS The number of years to run.

Col. 11-15 Format I5 IDETPR, yearly printing detail:
IDETPR > 0 generates detailed yearly

12. RDI - Read Initial Population Vector

Col. 1-5 Format. A5 'RDI',
Col. 6-10 Format I5 M, the
values
vector.

values;
= U generates one line of
output per year;

<0 suppresses yearly output.

left adjusted.
number of age classes or
in the initial population

Presently £ 16.
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This is generally one of the first three command cards'in'the'input
deck. It is followed immediately b& cards with the values of the
initial population vector with format 8E10.0.

The RDI card and the data it references must precede the first RO
card. Later redefinition of the initial vector by the RDI command is»
permitted at any point. The PI command is used to‘print the initial

vector.

13. RDP - Read Adjustable Parameters

Col. 1-5 Format A5 'RDP', left adjusted.
Col. 6-10 Format I5 The number of adjustable parameters, -

presently 148.

This is generally one of the first three command cards in'the‘input
deck. It is followed immediately by cards with the complete set of
ad justable parameter names and values in any ordér. The user enters
the alphanumeric name of each parameter, followed by its value. The

format is
4(A5,E10.0,5X)

Thus, four parameters are entered per card, the names left adjusted to
columns 1, 21, 41, and 61, and the values located in columns 6-15,
26-35, H46-55, and 66-T5.

As with the RDI command, the RDP command and its data must always
precede the first RO command. The RDP command may precede or follow

the RDI command.
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The PP command will generate a list of parameter names and values

at any time.

14. REDO - Reexecute the DO Section

Earlier in the program, a DO section of instructions was
executed. This command requests that they be executed again. The user
may also modify the DO section by the feature described below.

The REDO option may be used an unlimited number of times.

Col. 1-5 Format A5 'REDO', left adjusted.

Col. 11-15 Format I5 To replace one command in the DO

| section by another, enter here the
sequential number®* within the DO
section of the command to be
replaced; then immediately following
this REDO card, put the replacement
card. Commands which control
reading of further data (RDI, RDP,
CP, CI) should not be replaced or
used as replacements. Replacement
affects only this REDO execution,

not any later REDO's.

*The first command after the DO card has sequential number one; the next

command, two; and so on.
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15. BRI -~ Replace Initial Population Vector

The initial population vector is the population by age class at
the start of a run, which may differ from the input initial vector.
This command enables the user to replace the present initial vector

with either the current vector or the input initial vector.

Col. 1-5 Format A5 'RI', left adjusted.

Col. 6-10 Format I5 To replace the initial vector with
the current vector, leave this field
blank. To replace the initial
vector with the input vector (as
with the BEGN command), enter a

nonzero number.

16. TRA - Transfer to Another Command

This card is useful to modify the DO section in a REDO operation.
If K is the entry in the integer field, this command transfers control
to the Kth command below this card. Thus, K = 1 has no effect on

execution. As in FORTRAN, transfer into the middle of a DO section is

illegal.

Col. 1-5 Format A5 '"TRA', left adjusted.

Col. 6-10 Format I5 K, the transfer value. K=0 is
equivalent to K=1.

C. Output

The three main components of the output are run-command (RO and

RC) output, tables, and graphs. Other output includes error messages
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and the job summary page. Cases* are grouped into "sets" as determined
by the BEGN card; corresponding "set numbers" identify outbut,

particularly the tables and graphs.

1. Run Command Output

The quantity of RO or RC output is completely user controlled. It
may include any or all of the following: yearly output in either
summary or detailed form, a "vilal slutisties” table, and the final
population vector.

The yearly output is exhibited in some of the figures presented
with the examples. The summary form prints one line of data for each
year. YIELD and variables involving YIELD are calculated as occurring
during the listed year, while N1, TOTP, and variables involving TOTP
are calculated as occurring at the beginning of the listed year. TOTP
is calculated by Eq. (7), F is the non-age-class specific instantaneous
fishing mortality (Eq. 5 and ?ig. 3), and YIELD is calculated by Eq.
(14). N1 is the beginning of the year population of age class 1. The

other quantities are

REL TOTP (relative TOTP) = TOTP(t)/TOTP(0)
REL EFRT (relative effort) = F(t)/F(0)
REL YIELD (relative yield) = YIELD(t)/YIELD(O)

IMPACTP (TOTP impact) (1.0 - REL ‘I‘OTF‘)/FRY

IMPACTY (YIELD impact)

(1.0 - REL YIELD)/FRY

¥Each case consists of an RO run plus any succeeding RC runs. Output

data are generally organized by cases rather than runs.
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RCPUE (relative catch per

unit effort)

REL YIELD/REL FFRT

Detailed yearly output consists of the summary line just described
plus the population vector at the beginning.of the listed year. The
default optio; (blank or zero in the pertinent field) on yearly output
is the summary form. The user may also suppress all yearly output.

The vital statistics table 1ists the following information for
each age class: average total length of a fish at the ith annulus
formation, LENGTHi (Eq. U4); average weight of a fish at the i‘l
annulus formation, WTi (Eq. 3); average number of eggs in the ovaries
of a sexually mature female entering age class i, EGGSi (Eq. 2);
ratio of female fish to the total number of fish entering age class i,
FFi, written as FEMALE iﬁ the output; probability that a female
entering age class.i is sexually mature, FMATi; average number of eggs
produced per fish (both sexes éombined) upon entering age claés i, fi
(Eq. 1) written as FSUBI in the output; effective fraction of fish in
age class i at the beginning if the year legally available to the
fishery, CATCﬁi; vulnerability to the fishery in age class i relative
to the most vulnerable age class, VULNi; and conditional probability
of natural mortality ( = 1.0 - exp(-Mi) ) for fish in age class i}
NAT.MORTi. The default option is suppression of this table.

The population vector at the end of the last year of the RO run

(and each RC run) is printed unless suppressed by an entry on the RO

card.
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2. Tabular Output
| a. Summary Table

The summary table (see the figures presented with the examples in
IITI,F) is generated by request on the OUT command card and all RO cards
associated with that OUT card. It provides a means of comparing up to
nine related cases by listing values of output variables side by side
for selected years. The cases and years are specified on the RO
command card.

All summary tables are printed in a separate output section
(logical number 9) for easier access and special printing options. Eadh
table is identified by its set number, printed at the top of the first
page. The set number is incremented by means of the BEGN card.

Since comparative cases are presently being generated by varying
FRy, the fractional reduction in tﬁe number of sufvivors to age 1 due
to the power plahts in the absence of compensation (Eq. 37), the values
of FRQ are the column headings identifying each case. Cases which
consist of multiple runs (RO plus RC runs) are identified by the FRY
value of the RO run., One of the cases in the table must have FRY =
0.0 (i.e., no power plant impact) for the entire duration of the case.
This is the base case used in generating relative output values.

Values are listed for up to six years, as specified on the RO card.

The first 16 output variable are

OUTPT(1) = TOTP(t)
OUTPT(2) = YIELD(t)
OUTPT(3) = F(t)
OUTPT(4) = NO(t)



o

63

OUTPT(5) = N1(t)

OUTPT(6) = NM(t)

OUTPT(T) = PO(t)

OUTPT(8) = A(J+1,J) (J 2 4)
OUTPT(9) = FDI/F(t)
OUTPT(10) = = (F(t) - FDI)/F(t)
OUTPT(11) = P (t)

OUTPT(12) = P (t)

OUTPT(13) = p03(t)

OUTPT(14) = Poy (t)

OUTPT(15) = Pos5 (t)

OUTPT(16) = P ()

where TOTP(t), YIELD(t), N1(t), and F(t) are defined under yearly
output; NO(t), NM(t) are the beginning of the year populations of age

class 0 and age class M (oldest age class), respectively; PO(t) is

survival through the first year, A(J+1,J) 1is survival from age class J ..

to age class J+1; FDI/F(t) is the ratio of density-independent fishing
mortality to total fishing mortality; and pOi is the survival proba-
bility through the i’ y-o-y life stage.

The next 7 output variables are relative values, or yearly values

divided by the base case,
REL(I) = OUTPT(I)t/OUTPT(I)0 (I=1,7).

Note that REL(3) = REL EFRT, as defined in the yearly output.

The next 7 output variables are defined by
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IMPACT(I) = (1.0 - REL(I) )/FRY (I=1,7).

Note that IMPACT(2) = IMPACTY and IMPACT(2) = IMPACTP, as defined in

the preceding section.

3. Benefit/Cost Analysis

Provision has been made in the computer program for the calcula-
tion and printing out of various benefit/cost indices. Because inter-
pretation of these indices is still problematic, their description is

omitted from this report.

4.  Graphic Output

Graphic output is plotted by means of the DISSPLA computer diéplay
system (Integrated Software Systems Corporation, P.0. Box 9906, San
Diego, California). This system has been implemented at many computer
facilities. If the life cycle model is to be used at a facility
without this feature, alternative arrangements must be made if plots
are desired.

Two graphs enable the user to display data from related Eases in a
set:

a. Graph 1 plots relative TOTP vs. time.

b. Graph 2 plots relative yield vs. time.

Additional graphic capabilities can easily be added to the program if
desired.

The user makes entries on the RO cards of those cases for which
graphic output is desired. The graphs are then generated by request of

the OUT command card. Each of Graphs 1 and 2 may contain data for up
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to nine diffeﬁent cases. The "base case", FRy = 0.0, need not be
present on a graph. Data from the first year of an RC run replace
corresponding data from the final year of the previous run.

Graphs 1 and 2 each have the same format, one curve for each case
plotted. The legend to the right of each graph lists the FRY value
associated with each curve. As in the table, cases which consist of

multiple runs (RO plus RC) are identified by the FRY value of the RO

run. The curves are drawn using values for each year (in cases of up

" to 100 years), although plotting symbols are entered only every 5 or 10

yéars. Cases of no more than 100 years duration* may be plotted in

graphs 1 and 2.

5. Miscellaneous Output

The remaining output may be categorized as being printed either
with the standard output (logical number 6) or in a separate final page
of output (logical number 11) as the "job summary" page. The job
summary page is always the page following the end of the standard
output unless a special printing option is requested for the standard
output,

The job summary page providqs the user with a quick summary of
what may be dozens of pages of standard output. For each set of cases
successfully completed including all output, the following message is

printed:

*There is one exception to this requirement: graphs may be gathered
from a set of cases which consists only of RO runs of length 101 years

to 200 years.
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OUTPUT COMPLETED, SET x.x

Whenever a significant input error is encountered, it is printed both
in the standard output and on the job summary page. Finally, since
normal job termination is caused by encountering an end-of-file card in
the input stream, the last line of both the standard output and the job
summary page should be:

EXIT AT END-OF-FILE CARD.

As each command card is processed it is printed in the standard
output. Each of the ten integer fields on the command card is printed
below the heading Ik, for the kth integer field. Other standard
output not related to the run commands includes data printed in
response to the PI, PP, and CP commands.

When the DO command is processed, all cards following it, through
the ENDO command card, are read and printed with their associated
sequential command numbers. This is the number which may be referenced
in the REDO statement.

When a plot has been completed, a page listing the graph

specifications is printed. The message,
DISSPLA i COMPLETED -- CONTAINS m CASES

signifies successful completion of the plotting.
Nearly all the error messages are self-explanatory. However, the

following two messages are explained here.
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FOLLOWING CARD TO MODIFY DO SECTION WAS NEVER READ. READ NOW WITHOUT

EXECUTING.

A REDO command used the option to replace a command in the DO
section by another. The sequential command number listed was never
reached while reexecuting the DO section. The replacemenﬁ card is now
read, printed immediately below the error message, and the prégram

continues with the next command.
WARNING: NO FRY = 0 CASE WAS REQUESTED ON GRAPH i

Inclusion of the base case, FRY = 0, is not necessary, but since

it is routinely used, exceptions are noted.

D. Definitions of the Variables

Béfore describing the subroutines which perform most of the
calculations in the model, it is useful to define the variable names"
used in the calculations. Table 1 lists alphabetically all the impor-
tant FORTRAN variable names uéed in any of the subroutines céncerned
with the actual calculations for the models.

Column 1 of Table 1 gives the FORTRAN name of the variable.

Column 2 gives the dimension of storage block reserved for the
variable if it is an array variable. |

Column 3 contains the symhol used for the-variable in the-
mathematical formulation of the model which was given in the earlier

sections of this report.
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Column Y4 contains the definition and/or description of the variable
and its use in the program.

Column 5 lists the subroutine number (see Table 2) of the subrou-
tines in which the variable is used.

_Many of the vector variables in the model have zero-subscripts
(e.g., no(t)), but zero-subscripts are not allowed in FORTRAN. Table
3 gives a complete 1list of the arrays in columns corresponding to age
class. In some cases the FORTRAN program does not store the variable as
an array so only the mathematical names and subscripts are given. 1In
cases where the FORTRAN program does treat the variable as a FORTRAN
array, the mathematical names and subscripts are given first and the
corresponding FORTRAN names and subscripts are given directly below. By
referring to Table 3 the user can easily determine lor each variable the

FORTRAN subscript corresponding to any age class.

E. Description of Routines

The programming package consists of a main program and a number of
subroutines (Table 2). These components of the program are arranged in
the table in the order in which they appear in the listing of the code
in the Appendix. This ordering is roughly alphabetical except that
subroutines which are not called by the main program but only by
anoéher subroutine are listed under that subroutine. The subroutinea
labelled'ENTRY are actually parts of the subroutines they are listed
under. The advantage of using ENTRY statements is that particular
information can be obtained from or entered into a subroutine without

having to enter it from the beginning. The second and third columns of
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Table 2. Subroutines of the life cycle model code

-

Subroutine Calling Subroutines
name : subroutine called
1. MAIN - 2,7,8,11,13-26,3
2 ANALYT 1 3
3 SOLVE 2 4,6
4 SCAN. 3 5,6
5 BISECT y 6
6. FUNCTION FF 2,3,4
7 GETCMD 1,14
8 MAKMAT 1 9,10
9 PFMCLC | 8
10. YOYMRT 8
11. NITPRM 1 12,17,18
12. FINDNP 11
13. PLOTST 1
ILR ENTRY PLTSV -1
15. PLT123 . 1
16. PROCDO 1 T
17. REREAD : 1
18. RPLACE 1,1
19. ENTRY PVEC 1,11
20. ENTRY RDYRS 1
21. TABLE 1
22. ENTRY BCTAB 1
23. ENTRY PRETAB 1
24, YEARLY 1
25. YLDCLC 1
26. YRRUN |

27. ‘BLOCK DATA
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Table 3. Subscripting Scheme for the Vector Variables

AGE
Crats 0 1 2 M~1
CATCHI CATCH2 e CATCHM—].
y CATCH(1)  CATCH(2)  CATCH(3) ...  CATCH(M)
A
T
E F(1) r(2) e, F(M-1)
E _
A
T FF, FF, FF, e PR
. FF(1) FF(2) FF(3) ... FEQW)
A
L
Ry 3 7, e Fy
A FFM(1) FFM(2) FFM(3) ...  FEMQ)
N
D
. FMAT, FMAT, ... FMAT,
: FMAT(1) ~ FMAT(2) ...  FMAT(M-1)
R
T M M M
R 0 1 2 e My
A FNM(1) FNM(2) FNM(3) ...  FNM(M)
N
N VULN, VULN, VULN, ... VUIN, |
. VULN(1)  VULN(2)  VULN(3) ...  VULN(M)
E
s
W, WE, WT, WD,
WT(1) WT(2) WI(3) ... WI(W
no(t) nl(t) nz(t) - nM_l(t)
PN(1) PN(2) PN(3) ... PN(W
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Table 2 tell where a particular subroutine is called from and what other
subroutines it calls.

The core of the model calculations is performed in ANALYT, MAKMAT,
YRRUN, and YLDCLC and in their subsidiary subroutines, SOLVE, SCAN,
BISECT, FUNCTION FF, PFMCLC, and YOYMRT. The other subroutines are
designed primarily to facilitate the input and output of data in a
flexible manner.

A complete listing of the pfogram is given in the Appendix. Below,

the component subroutines of the program are described.

1. Main Program

The main program controls the reading of all input data, executes
many of the commands including the run commands RO and RC, superviseé
data storage for the graphs and tables, and generaﬁes much of the
standard output.

At the major control point in the program (see comment card "THIS
IS THE COMMAND POINT") a command card is read and identified and a
branching to the area in the main program which processes that command
i3 made. Every opefation including loading of the adjustablc paramctcer
set and initial population vector must be requested here by a specific
command card. Additional information is supplied on further fields of
each command card and stored in thé array IOP. After each command card
is executed, a branching back to the command point is made and the next
éommand card is read and executed.

An abridged flow chart of the main program is given in Fig. €. ‘The

command loops shows in detail only three of the most important command
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options for carrying out the calculations of the model. The initializa-
tion segment is abbreviated in the flow chart.

The program first reads the input data for the initial population
vector, n(to) (FORTRAN array PN), which contains the initial estimates
of the number of fish in each age class. It next reads in the adjust-
able values.

After the initial vector is defined, the program initializes  the
Leslie matrix in subroutine MAKMAT, which is described in more detail
in a later section. For the present purposes it suffices to say that
MAKMAT is called in different parts of the main program to accomplish
one of two purposes: either to initialize the Leslie matrix before
beginmming a run of the model or to update the Leslie matrix with the
feedback information in a run at the end of each year. Which task it
does is decided by the logical variable FEEDBK, which is set to the
logical value ‘FALSE' for initialization and 'TRUE! for updating.

The céll to MAKMAT, which immediately follows the initialization.
of the adjustable parameters and the initial vector, is an initialjza-
tion call. Upon return from MAKMAT, the main program enters the command
loop at the COMMAND POINT. Many of the poésible commands (see Section .
III.B) require more information than the simple two-character command .
codes which initiate them. This additional information is coded in the
columné following the commands. |

The command code CP (see Fig. 6) iz used for changing one or more
of the adjustable parameters. This card is followed by cards with the
names of the parameters to be changed and the new values of these

parameters.
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The names of the adjustable parameters in the package are given in
Table 4. The first column gives the name used for inputting of para-
meters. The second column gives the corresponding FORTRAN name used
intérnally by the programs. The third column gives the mathematical
name used in the mathematical formulation of the model given in the
.earlier sections of this report. Further definitions of these
§ariables}used during the calculations are given in Table 1.

: In addition to specifying the changes in the parameter values, the
user can indicate whether his next run of the model will start from the
year zero or from the year where the preceding run left off. Given this
" information, the program calls MAKMAT to initialize the Leslie matrix
accordingly.

:The flow chart in Fig. 6 shows both of the run options, RO and RC.
Actually, the two options are identical except for the initialization of
‘the starting population vector. RO means run the model startiﬁg with
year zero and the starting vector set equal to the initial vector. RC
means continue running the model from the current model year using the
solution vector from the preceding year as the starting vector. Before
beginning the ‘run, both options call MAKMAT in order to initialize the
Leslie matrix using the current starting vector. The next step is to
call Subroutine YLDCLC to compute the yearly yield. Following this the
main program calls ENTRY PRETAB, in which it stores information fop
later printing out in the summary table in Subroutine TABLE.

After printing the headings for the subsequent printing out of

yearly output, the program enters the run loop. One pass through the
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Table 4. The Adjustable Parameters

Input Fortran Mathematical
Variable Variable Symbol

Name Name

FMT1 FMAT (I) FMATi

FMT2 I=1,M-1 L= 1M1

FMTM

FNMO FNM(I) Mi

FNML I=1,M i=1,M

FNM(M-1)

FFO FF(I) FF,

FF1 *
I=1,M i=1,M

FF(M-1)

VULO  VULN(I) VULN,

VUL1 I=1,M i=1,M

vUL(M-1)

FRY FRY FRY

FDIO FDIO FDIO

FDMXO FDMXO FDMXO

EPS EPS EPS

TOTP1 TOTP1 TOTP1

LEGAL LEGAL LEGAL

RATIO RATIO RATIO
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Table 4. (continued)

Input TFortran Mathematical
Variable Variable Symbol
Name Name

B3 B3 B3

B4 B4 B4

Bl Bl Bl

B2 B2 B2
ATMAX ATMAX ATMAX
ACON ACON ACON

B B B

C « c
IYRCH IYRCH IYRCH
CHGDI CHGDI CHGDI
CHGDD CHGDD CHGDD
DELT1 DELT(I) Ati
DELT2 I=1,6 i=1,6
DELT6

DAP1 DAP (1) dp i
DAP2 I=1,6 i=1,6
DAP6

I =1,6 i=1,6

YA

-r
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Table 4. (continued)

Input - Fortran Mathematical
Variable Variable Symbol
Name Name
CAll CA(I,J) cij
CAL2 I=1,6 i=1,6
. J=1,5 j=1,5
CA65
GAl GA(I) 84
CAZ I=1,6 i=1,6
GA6
DAN1 DAN(I) dn i
DANZ I=1,6 i=1,6
DAN6
RFR1 RFR(I) RFRi
RFR2 I=1,M i=1,M
RFRE

RJAGE RJAGE RJAGE
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loop runs the model for one year. At each pass there is a call to
MAKMAT with FEEDBK equal to the logical value "TRUE" (this call is to
update the Leslie matrix with the feedback information). Upon return
from MAKMAT, the program then calls Subroutine YRRUN in order to advance
the model by another year. The subr-;mtines MAKMAT and YRRUN are
described in more detail in later sections of this report. Subroutines
YEARLY, YLDCLC, and ENTRY PRETAB are called each year for the purposes

mentioned in the above paragraph.

2. Subroutine ANALYT

Subroutine ANALYT(TOTP,PN,A,MR) is called from the main program
whenever the ITR command is processed. It first calculates the base-
line survival percentage through the first year in the absence of power
plant effects, PNSO. It then calculates the stable population vector,
ni(t), (i=1,M), which in FORTRAN variables is PN(I), (I=1,M), corre-
sponding to the assumed valﬁe of the biomass of fish available to the
fishery at the start of year t, TOTP (Eq. 7). This calculated value of
PNS_. is then used to calculate the density-independent natural mor-

0
tality rates, DAN(I) ( = dn i, i=1,6), of the six y-o-y life stages,

?

if these are not given as data input. If these values are given as

input, ANALYT calculates PNS_, and the intra-life stage survivals for

0
the six y-o-y life stages directly from the y-o-y mortality rates.
To calculate PNSO, the subroutine first calls MAKMAT to cal-

culate fish fecundities, weights, and survival probabilities for the

given value of TOTP. Fixing ISET = -99 prevents MAKMAT from
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recalculating TOTP. The temporary value for survival in age class M-2,
Py_n? is then calculated as described in the footnote to Eq. (27).
Following this, PNS0 is calculated using Eq. (30), and then PN(1)
( = no) using Eq. (29), and finaliy the remainder of the population
vector PN(I) using Eq. (27).

The input values ZS1,..., ZS6 (which become ZS(I), I=1,6 internally
in the code) are the survival percentages throdgh the individual life

stages, as defined by Eq. (25). From Eq. (24b),
ZS(1)*ZS(2)*...*25(6) = PNS,

First, suppose the values of the density-independent natural mortality,
DAN(I), are unknown, but the values of ZS(I), I=2,6 can be determined.
Then ANALYT uses Eq. (34) to compute 2S(1). Next Eq. (25), which is an
implicit equation for DAN(I), is used to compute the six values of
DAN(I). This is done by calling Subroutine SOLVE, which in turn calls
SCAN, BISECT, AND FUNCTION FF.

If the values of DAN(I) are prescribed as input data, then these
values, along with GA(I) ( = gi), DELT(I) ( = Ati) and CA(I,J) |
(= e..) are used to calculate ZS(I) from Eq. (25). Then Eq. (34) is

used to compute PNSO.

3. Subroutine SOLVE

Subroutine SOLVE (Z,I,EPS,ITMAX) is called by ANALYT to compute
the (assumed unknown) dn i's by using Newton's method to find the
’

roots of Eq. (25). EPS is a measure of the convergence of the method

(currently EPS = 1. x 1072) and ITMAX is the maximum number of
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iterations permitted before an error message is printed (currently

ITMAX = 100).

4, Subroutine SCAN

Subroutine SCAN (ZO,I) is called by SOLVE to provide initial lower

and upper bounds on dn i The lower bound is BL = Ci + 1. x 10-6,
’

where the constant 1. x 10-6 is added to avoid the false root of

Eq. (23) at d 4+ Ci = 0. The upper bound B, is a constant to be

et by the user. Currently BU = 500.

5. Subroutine BISECT

Subroutine BISECT (FF, A, B, XTOL, IFLAG, I) is called by SCAN to
compute an initial estimate of dn it It uses the bisection method
R .
for finding the roots of a function. The initial estimate is computed

to two decimal place accuracy and is returned via SCAN (as Z0O) to

SOLVE, where Newton's method computes the final value.

6. DOUBLE PRECISION FUNCTION FF

DOUBLE PRECISION FUNCTION FF (X, I) is called by SOLVE, SCAN and
BISECT, and contains the particular function (Eq. 25) for which the

roots are being solved.

7. Subroutine GETCMD

Subroutine GETCMD (ENTRY,KMND,*) is called by the main program to
identify a command (ENTRY). If the command is identified, the command

number (KMND) is returned. Otherwise, a nonstandard return is made.
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8. Subroutine MAKMAT

Subroutine MAKMAT (A,FEEDBK,MR,PN,TOTP,EGTABL,ISET,IYRI) is the sub-
program that initially forms and later updates the Leslie matrix, taking
into account the feedback effects on this matrix. Definitions of all
the quantities in the argument list except MR, which is set to 16, can
be found in Tablé 1. The calling program supplies the values of FEEDBK,
MR, PN, EGTABL, ISET, and IYRI to MAKMAT which computes A and (except
during the initializing call to MAKMAT) TOTP and returns them to the
calling program. The main program is the only part of the program which
calls MAKMAT.

A flow chart of MAKMAT is given in Fig. 7. The values of WTj are
computed by Eq. (3) with the LENGTHJ being computed by Eq. (4). The
fecundities, F(J) ( = fi), are computed according to Eq. (1) with
EGGSj being first computed from Eq. (2). The fecundity F(M), which
applies to all fish in age classes M and above, is set equal to the

value F(M-1). The program then calculates the number of eggs,

M
NEGGS = L F(J=-1)*PN(J)
Je2
M-1
= L f£,*%*n, )
j=1 J J’t

where the F(J) are the fecundities that were just computed, and the
PN(J) are the elements of the current population vector except the
first, PN(1), which is the number of eggs in the current population

vector. The value of PN(1) is replaced by this value; i.e.,

PN(1) = NEGGS .
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ORNL-DWG 77-11221

“TRUE"
FEEDBACK =? 1
“FALSE"
COMPUTE WT;,
CATCH,, etc.
YES
1SET = y j
NO
4

COMPUTE TOTP

v

CALL PFMCLC AND

YOYMRT TO COMPUTE
DENSITY-DEPENDENT
MORTALITIES

“FALSE"” A "TRUE"
FEEDBACK =?

UPDATE THOSE ELEMENTS
INITIALIZE OF THE LESLIE MATRIX
ENTIRE LESLIE
MATRIX = A{LJ) AFFECTED BY THE
FISHING FEEDBACK

RETURN RETURN

Fig. 7. Flow chart of Subroutine MAKMAT.
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Once the fishing mortality rates are calculated by calling the
Subroutine PFMCLC, the program must decide whether to initialize the
entire Leslie matrix or just to update those elements which are affected
by the new»survival rates. The decision is made by checking the value
of the logical parameter FEEDBK, which was transmitted from the calling
program. If that value is "FALSE", the program sets up the matrix shown
in Fig. 1. Every element Aij of the matrix is initialized, inclﬁding
the elements which have the value zero. If FEEDBK has the value "TRUE",
only those elements which depend on density-dependent natural and
fishing mortality are recomputed. After the Leslie matrix has been

formed, or updated, MAKMAT returns control to the.calling program.

4

9. Subroutine PFMCLC

Subroutine PFMCLC(TOTP,IYRI) is called from MAKMAT and calculates
the mortality from fishing of legally available fish, using relation-
ships described in section IX.C. The computed survival coefficients
are then used to update the Leslie matrix. The coefficients are
density-dependent because they are functions of TOTP, Leslie matrix.
The coefficients are density-dependent because they are functions of
TOTP, the index of standing cfop available to fishing. Thé fishing

survival rate can also be specified to change linearly with time.

10. Subroutine YOYMRT

Subroutine YUYMRT(FN,PPX) 1s called by MAKMAT Lu calculate the

survival of y-o-y fish using the formulae derived in section II.E. The
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y-o-y fish are assumed divided into six life stages. In the present
model only age classes 1 through 5 are able to contribute to y-o-y mor-
tality through cannibalism or competition. The FORTRAN equivalents to
the mathematical symbols .are DAN(I) = dn,i’ DAP(I) = dp,i’ GA(I) = 81
CA(I,Jd) = cij’ and DELT(I) = Ati.

Subroutine YOYMRT also computes the fractional y-o-y population
reduction, FRy, and relative fractional reductions, RFRi, defined in
section II.H., using the values of density-dependent mortality, DAP(I),
if the DAP(I)'s are known and given as input parameters., If the DAP(I)
values are not initially known, but FRY and the RFRi's can be pre-

scribed as input data, then the DAP(I)'s are computed from the latter

quantities.

11.. Subroutine NITPRM

Subroutine NITPRM(KMND,IOP,PN,PNO,PNZ,SAVP,IN,MR) processes all
commands dealing with initial population values or parameter data.

These commands include RDI, RDP, CP, CI, RI, PP, and PI,

12. Subroutine FINDNP

‘Suﬁfoutine FINDNP(PARAM,NP) finds requested parameters in the array
of adjustable parameters. The calling program supplies the name of the
input parémeters in the PARAM array. In FINDNP the name of each input
parameter is compared with the valid parameter names. If the input
parameter name matches a valid parameter name, the subroutine heturns
its location in the array to the calling routine by NP. If the name of

the input parameter does not match a valid parameter name, FINDNP
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returns NP = -1 to the calling routine and an error message is printed

out.

13. Subroutine PLOTST'

Subroutine PLOTST (IPL, NST) stores the output data for later
plotting. No plots are made during the run itself, but the output is
stored in arrays for plotting at the user's option after the run is

completed.

1“.' Subroutine ENTRY PLTSV

15. Subroutine PLT123

Subroutine PLT123(IGPH,NPLTSI,NPTSI,IYRS,PSET,SET) generates on the
CALCOMP plotter either of two graphs using the DISSPLA plotting package
(Integrated Software Systems Corporation, P.0. Box 9906, San Diego,
California). vThe user requests plots on the OUT card énd specifies
which runs to put on the plots on the RO cards.

The argument IGPH contains the graph number requested -~ ecach call
to PLT123 requests one particular graph. The argument VALS is a doubly"
dimensioned array storing the values to be plotted, where VALS(I,J) is
the Ith point of the Jth curve on the graph. Arguments NPLTSI and
NPTSI indicate the number of curves per graph requested andvthe number
of points per curve, respectively. IYRS is the array of x;coordinate
values of tﬁe points. A total of NCHGS different RO cards have
requested tabular or graphic output. Each has an associated FRY'value,
PSET(I).

For Graph 1 the variable of interest is relétive TOTP and for

Graph 2 it is yield.
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16. Subroutine PROCDO

Subroutine PROCDO (KMND,IOP,MUSDO,IN,IAT ,NEXT,EX,ENTRY,*) processes

all DO commands. These commands include DO, ENDO, REDO, and TRA.

17. Subroutine REREAD

Subroutine REREAD permits the program to read again, as many times
as desired and into different formats and lists, the last physiecal
record via a formatted READ statement. (This subroutine is an IBM

package).

18. Subroutine RPLACE

Subroutine RPLACE(PN,PNO,N) is called when the main program is

processing RO cards.

19. ENTRY PVEC
ENTRY PVEC(VEC,N,K) is an entry point in Subroutine RPLACE which

prints the initial and final population year class vectors,

20. ENTRY RDYRS
ENTRY RDYRS(INTRY,IROW,NROWS) is an entry point in Subroutine

RPLACE which is called when the RO card is being processed.

21. Subroutine TABLE

Subroutine TABLE(iROW,PSET,SET,NYRS) prints a summary table of
previous cases. It is called by the main program when an 'OUT' card is
processed containing a request for a summary table. Data for the table
were gathered in each previous run for which tabular output was

requested.
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Most of the data in the table consists of NTYPS different output
parameter types originally stored in the OUTPT, REL, and IMPACT arrays
(see section III.C.2), each evaluated for several years and several
cases, as specified on the RO card. These data aré stored in
ARAY(I,J,K) and BC(I,J,K), where I is the year subscript, J is the case
number, and K is the output parameter number. Most of the ARAY values
were loaded in earlier calls to ENTRY PRETAB.

PSET is the array containing the FRY value associated with each
case. The values stored in the arrays OUTPT, REL, AND IMPACT were
calculated for the base cése (FRY = 0.0) and passed as arguments to
calculate the relative ARAY values in TABLE.

The array YRVAL(I,J,K) was loaded in the main program with values
of yield, TOTP, and the number of one-year-olds (n1) for each case
which requested tabular output, where I is the year number, J is the
case number, and K=2 for yield, K=3 for number of one-year-olds, and
K=4 for TOTP. For each case, the routine calculates the number of years

(LES) the yield, TOTP, and n, fall below each of two percentages (PER)

1
of the base case values of these quantities. From these data an "index
of risk" is calculated and printed out.

Subroutine TABLE also prints a table of relative yields for each

year. The difference between the relative yields for different cases

is computed and printed.

22. ENTRY BCTAB
ENTRY BCTAB(PSET,SET,NYRS) is an entry point in Subroutine TABLE

which computes benefit/cost information.
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23. ENTRY PRETAB

ENTRY PRETAB(IS,RCPUE,PN,IMPACT,REL,OQUTPT,FTP,FRY) is an entry
point in Subroutine TABLE which stores data for later printipg in a
summary table. PRETAB is called by the'main.program for specific years
during an RO or RC run as requested on the pertinent RO card. The data

.are loaded into the array ARAY(I,J,K).

24. Subroutine YEARLY

Subroutine YEARLY(IYRI,TOTP,PN,RCPUE,FRY) is called b& the main
program for each year. Values of the probability of fishing mortality,
yield, nj(t), TOTP, and other values described in section III.C.2.a
are stored for each year in the arrays YRVAL(I,J,K), OUTPUT(I), REL(I),
and IMPACT(I) for later output by Subroutines TABLE and PLT123. Rela-
tive effort, relative catch per unit effort, the impact factor for yield
and the impact factor for TOTP are calculated and returned to the main

program for possible printing.

25. Subroutine YLDCLC

‘.Subroutine YLDCLC(PN,A,MR,N) is used for calculating the yield to
the fisheries for each year. The arguments PN, A, MR, and N are all
supplied to the subroutine by the calling program. The value of yield
is computed by Eq. (14) and the value 1is returned to the calling program
through the COMMON block BLOCKY. YLDCLC is always called immediately
after a call to MAKMAT so that the values a A and PN used for calcu-
lating YIELD(t) fqr a year t are the ones corresponding to the beginning

of the year.
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26. Subroutine YRRUN

Subroutine'YRRUN(PN,A,MR,N,TEMP) is called on each pass throuéh
the run-loop in order to advance the model by one year. The arguments
A, MR, N, and TEMP are supplied by the calling program (the main pro-
gram), and PN is computed and returned to the calling program.' YRRUN
advances the model through one year by simply multiplying tﬁe current
population vector, PN(J), by the current Leslie matrix, A(I,J). This-
is done by the matrix multiplication

M
PN(I) = L A(I,J) * PN(J)
J=1
without taking advantage of the many zeros in the Leslie matrix.
Although such a procedure is not computationally efficient, it has the
advantage that it can be uséd without any changes, no matter what form

the Leslie matrik.takes when the model is altered.

F. Sample Results

1. ‘Example 1 (Figs. 5, 8-16)

This example is designed to illustrate the differences in behavior
of the life cycle model when power plant effects are absent and present,
as well as to exhibit some of the basic capabilities of the ﬁcommand"
logic of the program.

" The input data are shown in Fig. 5. The parameter values used in
this example are derived mainly from the Final Environmental Statement

Related to Operation of Indian Point Generating Plant Unit No. 3,
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Example 1 - Standard output.

90

1% 110
0 0

9 T10

19 110
0 0

19 110
0 0
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REPLACE INITIAL POP*N VECTOR WITH BOST BECENT INPOT VECTOR.

REPLACE PRESENT PARN SET WITA INPUT SET,

CONMAND I 12
0

ITR

0

TARGT= 2.000B 06
FDONX0 CAANGES FROM 0.300 TO 0.400 IN STEPS OP 0.0

TOTP =

ANALYTIC PNSO=

Y-0-Y EARAMETBRS CONPUTECL IN ANALYT

PDIO CHANGES FRO® 0.319 To 0.319 IN STEPS OF 0.0

2.000000E

I3 14 15

0 0 0

06

1.7098E-05

0.322194%8E
0.138127<08
0.378092808
0.13818714p
0.45556641E
0.3259%57208

INITIAL VECTOR

6.45016E 10
1.10282E 06
6.052618 05
4.05705E 05
3.321638 05
1.89336E 05
9.22518F 04
4.494B7E 04
2.39837E 04
1.26907E 04
7.3699SE 03
4.25681E 03
2.68860E 03
1.69812E 03
1.16964E 03

DAN (1)
DAN (2)
DAN (3)
DAN (0)
DAN (5)
DAN (6)
YEAR CLASS

0

1

2

3

'

5

6

7

8

9

10

1

12

13

1

15

2.58865E 03

COMMAND I 12
]

PP

I3 16 15

0 0 0

LIST OF ADJOSTABLE PARANETERS

FAT1
PATE
PHT11
PNRO
PNNS
PNN10
FNN15
TOTP1
B1
FF2
FP7
FP12
B
VOL3
voL8
voL13
CHGDD
DELTS
DAPY
283
ca12
CA22
Cr32
CAY2
CAS2
CA62
GA2
DAR1
DANG
RPRS

0.0

7.1000E-01
1. 0000 00
2.0000E-0S

.2.0000E-01

2.0000E-01
2.0000B-01
1. 0000E 06
9.8212E 04
5.0000E-01
5. 00008~-01
5.0000E-01
1. 1510 02
6.6700E-01
8. 3300E-01
3.3300e-01
0.0

2.2700E=01

o

1. 0000E-01

B
o0oocaco

VOO0 O

3.2219e 02
3.2596E 00
4.5000B-01

FAT2
PATT?
PAT12
PNN
PHHG
PANY
PRY
LEGAL
B2
PP
FP8
PP13
C
vOL4
voL9
yUL4
DELT1
NPLTA
DAPS
zs4
cal3
CA23
Cr33
Ca43
CAS3
CA63
GA3
DAN2
BRPR1
RPR6

Fig.

03
03

02

02
01
01

0.0

9.5000E-01
1.0000E 00
6.0000E-01
2.0000E-01
2.00002-01

4.3800E 02
7.3030E Ou
5.0000E-01
5.0000E~01
5.0000E-01
-3.C9008 00
1.C000E 00
6.6700E~-01
3.3300E-01
5.4B00E-03
4.7100E-01

1.38138 02
1.0000B-02
5.0000E-01

9.

1% 110

0

9 110
0 0

PATI
PATS8
PNT13
PHN2
FNNT
PN812
FDIO
RATIO
ATHAX
FPU
PP9
PF14
voL0
voLS
voL10
vOL15
DELT2
DAP1
DAP6
55
cAll
CA28
CA34
CAG4
CRS4
CA6Y
GAG
DAN3
RPR2
RJAGE

0.0
1.0000E 00
1.0000E 00
4.0000E-01
2.0000E-01
2.0000E-0 1
3.1900E-01
3.0000E 00
1.0000E 02
5.0000E-01
5.0000E-0 1
5.00008-01

1.0000E 00
6.6700E-01
3.3300E-01
1.6670E-02
0.9

0.0

2. 1540E-01

PATU
PHTY
PHT14
PHMI
PNNA
PNN13
PDXXO0
B3
PFO
PFS
PF10
PF15
voL1
vOL6
vOL11
IYRCH
DELT3
DAP2
251
256
Ccr15
CA25
CA35
CA4S
CASS
CA6S
GAS
DANG
RFR3I

Example 1 - Standard output (cont.).

2.3000E-01
1.0000E 00
1.0000E 00
2.0000E-01
2. 0000E-01
2.0000E-01
1.0000E-05
3.1300E 00
5. 0000B-01
5.0000E-01
3. 00008-01
0.0

0.0

8.3300E-01
5.0000E-01

SSTE 00
000E-01
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CONnAND I 12 13 I4 15 16 17 19 9 110
RO 40 0 13 S 10 20 40 [/} 1] 10
VITAL STATISTICS - SBT 1
AGE LENGTH WEIGRT BGGS PEMALE PHAT PSUBI CATCH VOLN NAT.
0 0.0 - 0.0 0.0 0.0
1 1. 1208 02 2.6158-02 1.001E 05 5.000E-01 0.0 0.0 0.0 0.0
2 2.178E 02 2.097e-01 1.135E 05 5.000E-01 0.0 0.0 0.0 0.0
3 3.175e 02 6. 8198-01 1.480E 05 5.000E-01 0.0 0.0 0.0 0.0
4 4.1108 02 1.529E 00 2.099% 05 5.000E-01 6.000E~02 6.297E 03 0.0 6.670E-01
5 4.982E 02 2.795e 00 3.0238 05 5.000E-01 2.300E-01 3.4T77E 04 6.977E-01 1.000E 00
6 S.7%4e 02 4.481E 00 4.254E 05 5.0008-01 7.1008-01 1.510E 0S 1.0008 00 1.000E 00
7 6.5438 02 6.557E 00 S.7T10E 05 5.000E-01 9.500E-01 2.7418 0S5 1.000E 00 1.000E 00
8 7.230B 02 B.964E 00 7.529E 05 5.000E-01 1.000E 00 3.764E 0S5 1.000E 00 8.330E-01
9 7.856E 02 1. 162E 01 9.470E 05 5.000E-01 1.000E 00 4.7358 0S 1.000E 00 8.330E-01
10 8.420E 02 1.444E 01 1.153E 06 S.000e-01 1.000E 00 5.764E 05 1.000E 00 6.670BE-01
1 8.922E 02 1.7318 01 1.3622 06 5.0008-01 1.000E 00O 6€.8128 05 1.0008 00 6.670B-01
12 9.362E 02 2.013E 01 1.568¢E 06 5.000E-01 1.0008 00 7.840E 05 1.0008 00 5.000E-01
13 9.741E 02 2.278E 01 1.762¢ 06 S.000E~01 1.000E 00 8.811E 0S 1.0008 00 5.000E-01
146 1.006E 03 2.518e 01 1.9378 06 5.000E~01 1.000E 00 9.687E 0S5 1.000F 00 3.330E-01
15 1.031E 03 2.72u4e 01 2.087¢ 06 S.000E-01 1.0008 00 1.044E 06 1.000E 00 3.330B-01
WITH THESE PARANETERS-- ACON,R,C= 0.0 115.10 -3.09 LEGAL,B3,D&4= 038.0 =5.34 3.1)
B1,B2= 0.982E 05 0.730E 05
PDNX0 CHANGES PROM 0.000 TO 0.900 IN STEPS OP 0.0
FDIO CHAWGES PROM 0.319 TO 0.319 IN STEPS OF 0.0
YEAR TOTP ¥ YIELD REL TOTP REL EBPRT REL YIELD INPACTY INPACTP
0. 2.0008 06 0.5190 7.6682 05 1.0008 00 1.0008 00 1.000E 00 1.000F 50 1.000E SO
1. 2.000B 06 0.5190 7.668E 05 1.000g 00 1.000E 00 1.0008 00 1.000E SO 1.0002 S0
2. 2.0008 06 0.5190 7.668E 05 1.0002 00 1.000E 0O 1.000E 00 1.0008 50 1.000E 50
3. 2.000E 06 0.5190 7.668% 05 1.000E 00 1.000B 00 1.000F 00 1.000E 50 1.000E 50
4. 2.000E 06 0.5190 7.668E 05 1.000E 00 1.000E 00 1.000E 0O 1.000E S50 1.000E S0
S. 2.0008 06 . £190 7.668E 05 1.000R 00 1.000® 00 1.000E 00 1.0002 50 1.000F S0
6. 2.0008 06 0.5190 7.668% 05 1.000E 00 1.000E 00 1.000E 00 1.0008 50 1.000E 50
7. 2.0008 06 0.5190 7. 6GOE 05 1.0002 00 1.000E 00 1.00UE 00 1.000E 50 1.000E 50
8. 2.000E 06 0.5190 7.668E 05 1.0008 00 1.000E 00 1.000E 00 1.000E S50 1.000E 50
9. 2.000E 06 0.5190 7.668E 05 1.000E 00 1.0008 00 1.000E 00 1.000E SO 1.000E 50
10. 2.000E 06 . €190 7.668E 05 1.000E 00 1.000EF 00 1.000E 00 1.000E S0 1.000E 50
1. 2.000B 06 0.5190 7.668E 05 1.000E 00 1.0008 00 1.000E 00 1.000E S50 1.000B SO
12, 2.000E 06 0.5190 7.6682 05 1.000E 00 1.0008 00 1.000E 00 1.000E 590 1.000E S0
13. 2.000E 06 + €190 7. 668E 05 1.000E 00 1.0008 00 1.0008 00 1.0008 SO 1.000E 50
4. 2.000E 06 0.5190 7.668E 05 1.000E 00 1.0008 00 1.000E 00 1.000F SO 1.000E S0
1S. 2.000E 06 0.5190 7.6688 05 1.000E 00 1.0008 00 1.000E 00 1.000E 50 1.0008 50
16. 2.0008 06 0.5190 7.668E 05 1.000E 00 1.000E 00 1.000E 00 1.000E S0 1.000E S50
17. 2.0008 06 0.5190 7. 6682 05 1.000E UO 1.0008 00 1.000E 00 1.000B 50 1.000E 50
18. 2.000E 06 0.5190 7.668% 05 1.0008 00 1.0008 00 1.000E 00 1.000E SO 1.000E 50
19. 2.0002 06 0.5190 7.668E 05 1.000E Q0 1.0008 00 1.000E 0O 1.0008 50 1.0008 50
20. 2.000E 06 -190 7. 6688 05 1.000E 00 1.000E 00 1.000E 00 1.000E S0 1.0008 50
21, 2.000E 06 0.5190 7.668E 0% 1.0008 00 1.000E 00 1.000E 00 1.00082 S50 1.000B S0
22. 2.000E 06 0.5190 7.6682 0S5 1.0008 00 1.000E 00 1.000E 00 1.0008 S0 1.000E 50
23. 2.000E 06 0.€190 7.668E 05 1.000E 00 1.000E 00 1.000E QO 1.0008 SO 1.0008 SO
4. 2.0002 06 0.5190 7.668E8 05 1.000B 00 . 1.000B 00 1.000E 00 1.0008 50 1.0008 50
25. 2.0008 06 0.5190 7.668E 0S5 1.000B 00 1.0008 00 t.000E 00 1.000E 50 1.000E S0
26. 2.0008 086 . 5190 7.668E 0% 1.000e 00 1.000E 00 1.0008 00 1.000E 50 1.000B S0
27. 2.U00E 06 0.5190 7.668F 05 1.000E 00 1.000E 00 1.000E 00 1.000E S50 1.000E S0
28. 2.000E 06 0.5190 7.668B 0S5 1.000E 00 1.000E 00 1.000E 00 1.0008 50 1.000E 50
29. 2.000E 06 0.5190 7. 668B 05 1.000E 00 1.000E 00 1.000g 00 1.0008 SO 1.000e 50
30. 2.0008 06 .5190 T7.668E 05 1.000E 00 1.000B 00 1.000E 00 1.000E S0 1.000E SO
31, 2.000E 06 0.5190 7.668E 05 1.000E 0O 1.000E 00 1.000F 00 1.000E 50 1.000E 50
32. 2.0008 06 8.“190 7. 668% 09 1.0008 00 1 nane nn 1.0008 Q0 1.0008 50 1:000% 30
33. 2.000E 06 .§19O 7.668E 05 1.000E 00 1.000e 00 1.000E 00 1.000E SO 1.000E 50
3. 2.0002 06 0.5190 7. 6688 05 1.000E 0O 1.000E 00 1.000E 00 1.000E SO 1.0008 50
35. 2.000e 06 . 5190 7.668E 05 1.0002 00 1.000E 00 1.000E 00 1.000B 50 1.000E S0
36. 2.0008 06 0.5190 7.6688 05 1.000E 00 1.000E 00 1.000E 00 1.0002 SO 1.000B 50
37. 2.0008 06 . 5190 7.668E2 05 1.000E 00 1.000B 00 1.000E 00 1.0008 S0 1.000E 50
38. 2.000E 06 0.%190 7.668E 05 1.0002 00 1.000B 00 1.000E 00 1.000E 50 1.000E 50
39. 2.0008 06 0.5190 T7.668E 0S 1.0008 00 1.0002 00 1.000E 00 1.0008 50 1.0008 50
a0. 2.000E 06 0.€190 7.668E 05 1.0002 00 1.0002 00 1.000F 00 1.0008 SO 1.000E SO
YEAR CLASS PINAL VECTOR
] 6.45016E 10
1 1. 102828 06
2 6.05242E 05
3 4.05706E 05
4 3.32164E 05
S 1.89336r 0§
6 9.22518E 04
7 4.Q9488E Ou
) . 44437 O
9 1.269072 04
10 7.34996E 03
n 4.2%682E 03
12 2.68860E 03
13 1.69812E 03
14 1.16964E 03
15 2.5886S¢ 03
Fig. 10. Example 1 - Standard output (cont.).

« HORT

2.003E-05
4.512e-01
3.297E-01
1.8138-01V
1.813g-01
1.813g-01
1.813e-01
1.8138-01
1.813E-01
1.813E-01
1.813E-01
1.813e-01
1.813E-01
1.813E-01
1.813E-01

L)l
1.103E
1.103F
1.1038
1.103B
1.103E
1.103E
1.103E
1.103E
1.103E
1.103E
1.103R
1.103E
1.10138
1.103E
1.1038
1.1038
1.1013%
1.1032
1.103E
1.1038
1.103E
1.1038
1.1038
1.103E
1.103¢2
1.1038
1.1038
1.103¢
1.1038
1.103g
1.103E
1.103E
1.1032
1.103g
1.103e
1.103E
1.103E
1.1038
1.1032
1.103e
1.1038

RCPUE

1. 000F
1.N0AOF
1.000E
1.000E
1. 000E
1. 0V0E
1.000B
1.0008
1.000E
1.000E
1. 000E
1. 000E
1.0008
1.000E
1. 000E
1.000E
1. 0008
1. 000E
1.000E
1. 000E
1. 000E
1. 000E
1. 000E
1.000E
1. 000E
1. 000B
1. 000E
1. 000
1.000E
1.000E
1. 000E
1.000F
1. yyue
1.000E
1. 000E
1.000E
1.000E
1. 000E
1. 000E
1.000E
1. 000E

on
0o
00
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CORNAND
cp

I1 12
1 0

13
0

$EREER HOTE~ S Xahuky

T4 15
0 0

1 CHANGED PARARETER(3) --

PRY

connanNy
RO

-
o
ra

LE

VONANEWN O

WITH THESE PARAMETERS--

YEAR
0.

1
2.

4o.

3.0000E-01

I1 12
40 o

NGTH
0.0
1.120E 02
2.178E 02
3.175e 02
4.110E 02
4.9828 02
5.794E 02
6.543E 02
7.230E 02
7.856E 02
8.420E 02
8,922 02
9.362E 02
9.741E 02
1.006E 03
1.031E 03

13
15

WEX

14 15
5 10

16 17

0 0
I6 17
20 40

19 110

19 110
o 10

VITAL STATISTICS - SET 1

GHT EGGS

. 0.0
2.6158-02 1.001E 05
2.097E-01 1.1358 05
6. 819E-01 1.480E 05
1.529E 00 2.099E 05
2.79SE 00 3.0238 05
4,481E 00 4,254E 05
6.557e 00 5.7708 05
8. 964E 00 7.529E 05
1. 162E 01 9.470E 05
1. U44E 01 1. 1538 0§
1.731E 09 1.362B 06
2.013E O 1.568E 06
2.278E 01 1.762E 06
2.518E 01 1.9378 06
2.724E 01 2.087E 06

ACON,B,C= 0.0

FEn

115

93

ALE PAAT PSO

“ 0.0
5.000P-01 0.0
5.000E-01 0.0
5.000B-01 0.0
5.000E-01 6.000E-02
5.000E-01 2.3002-01
5.000B-01 7.100E-01
5.000E-01 9.500E-01
5.000E-01 1.000E 00
5.000BE-01 1.000E 00
5.000E-01 1.000E 00
5.000E-01 1.000E 00
5.000E-01 1.000E 00
5.000E-01 1.000E 00
5.000E-01 1.000E 00
5.000E-01 1.000% 00
.10 -3.09

B1,B2= 0.S82E 05 0.730E 05

FDAX0 CHANGES PROM 0.400 TQ 0.400 IN STEPS OF 0.0
FDIO CHANGES FROM 0.319 T0 0.319 IX STEPS OF 0.0

0
2.000E
2.0008
2.000E
2.000E
1.9478
1.881E
1.845g
1.8338
1.824g
1.819e
1.8098
1.799¢
1.7898
1.784E
1.7808
1.777e
1.774E
1.7728
1.769E
1.7678
1.766E
1.7658
1.764E
1.763e
1.762e
1.761E
1.7618
1.760B
1.7608
1.7608
1.7592
1.759e
1.7598
1.7598
1.7598
1.7598
1.759E
1.7588
1.7588
1.758E
1.758e

TP

14
0.5190
0.5190

.5190
0.5190
0. 5084
0.8953
0. 4880
0. 89857
0.4838
0.4829
0. 4809
0.4788
0.4768
0.4757
0. 9749
0. 4764
0.4739
0. 4734
0. 4729
0. 4725
0.08721
0. 0719
0.4717
0.4716
0.4714
0.4713
0.4712
0.4711
0.4710
0.4709
0.4709
0. 4708
0.4708
0.4708
0. 4707
0. 4707
0.4707
0. 4707
0. 4707
0.4707
0.u707

Fig,

YIELD

7. 668E
7.668E
7.668E
7.668E
7. 33ug
6. 9u8E
6.738E
6.6712
6.617E
6.589e
6. 530F
6.4ME
6. 3158
6. 3838
6.3618
6.3USE
6.3308
6. 316
6.3028
6. 290E
6.281
6. 2748
6. 2692
6.264E
6. 2608
6.256E
6.253E
6. 2508
6. 248
6. 2U6E
6.204SE
6. 2448
6. 243E
6. 2628
6. 241E
6. 2408
6. 260F
6. 239
6.2392
6.2392
6.238%

05
05
05

REL TOTP

1.0002 00
1.0002 00
1.000E 00
1.0008 00
9.73uE-01
9.407e-01
9.220E-01
9.167e-01
9.1208-01
9.097e-01
9.046E-01
8.996E-01
8.946E-01
8.918E-01%
8.898E-01
8.8858-01
8.872E-01
8.859e-01
8.8472-01
8.837e-01
8.829E-01
8.823E-01
8.818E-01
8.814E~01
8.810E-01
8.807E-01
8.80uB-01
8.802E-01
8.8008-01
8.798E-01
8.797e-01
8.796B-01
8.7958-01
8.79ae-01
8.794E-01
8.793e-01
8.793e-01
8.7928-01
8.792E-01
8.7922-01
8.791e-01

BI CAT

0.0

0.0

0.0

6.297E 03
3.477 04
1.510B 05
2.741E 05
3.T64E 05
4.735E 05
5.764E 05
6.812E 05
7.840E 0S5
8.811E 05
9.687E 05
1.044E 06

CH voL

1.000E 00

LEGAL,B3,80= 438.0 -5.34 3.13

REL EPRT

1.000E 00
1.0008 00
1.000E 00
1.000E 00
9.795e-01
9.543E-01
9.402e-01
9.358E-01
9.322E-01
9.304E-01
9.2658-01
9.2268-01
9.1888-01
9.166E-01
9.151E-01
9.140E-01
9.131e-01
9.121E-01
9.111E-01
9.103e-01
9.097E-01
9.093E-01
9.089E-01
9.086E-01
9.083E-01
9.080B-01
9.078E-01
9.076E-01
9.0752-01
9.074E-01
9.073E-01
9.072E-01
9.0712-01
9.071E-01
9.070E-01
9.070E-01
9.070E-01
9.069E-01
9.06%8-01
9.069E-01
9.069E-01

HEL PIELD
1.000E 00
1.000E 00
1.000E 00
1.0008 00
9.564E-01
9.061E~01
8.787E-01
8.699E~01
8.629E-01
8.5938-01
8.516E-01
8.4392-01
8.365E-01
8.3202-01
8.295E-01
8.274E-01
8.255E-01
8.236E-01
8.218E-01
8.2028-01
8.190E-01
8.182E-01
8.175E-01
8.168E-01
8.163E-01
8.1588~01
8. 154E-01
8.150E-01
8. 148E-01
8.146E-01
8. 144E-01
8. 142E-01
8.141E-01
8.139E-01
8.138£-01
8.1382-01
8.137E-01
8.136E-01
8.136E-01
8.136E-01
8.135E-01

1.454e-01
3.1298-01%
4.043p-01
4.335E-01
4.569e-01
4.6918-01
4.947e-01
5.203E-01
5.450E-01
5.588E-01%
5.685E-01
5.753e-01
S.8178-01
5.880E-01
5.941E-01
5.992e-01
6.032E-01
6.061E-01
6.0858-01
6.105e-01
6.1248-01
6.100E-01
6.154E-01
6.165E-01
6,174E-01
6.181E-01
6.188E-01
6.193E-01
6.198E-01
6.202E-01
6.205E-01
6.208E-01
6.210E-01
6.212E-01
6.213E-01
6.215E-01
6.216E-01

N BAT

oo
o000

6.670B-01
1.000E 00
1.000E 00
1.000E 00
8,3308-01
8.330B-01
6.6708-01
6.670E-01
5.000E-01
5.000E-01
3.330B-01
3.330E-01

1.976E-01
2.587B-01
2.777e-01
2,933e-01
3.010E-01
3. 1798-01
3.3482-01
3.514E-01
3.6078-01
3.672E-01
3.7178-01
3.760E-01
3.802e-01
3.843e-01
3.877e-01
3.9048-01
3.926E-01
3.940E-01
3.954ue-01
3.966E-01
3.977E-01
3.987E-01
3.994E-01
4.00082-01
4.005E-01
4.009e-01
4.013E-01
4.016e-01
4,019B-01
4.021E-01
4,023e-01
4.024B-01
4.026E-01
4.027E-01
4.028E-01
4.028E-01

11, Example 1 - Standard output (cont.).

. NORT

2.003e-05
8.512E-01
3.297e-01
1.813E-01
1.813E-01
1.813e-01
1.813e-01
1.813e-01
1.813E-01
1.813g-01
1.813e-01
1.813e-01
1.813e-01
1.813e-01
1.813E-01

"1
1.103E
9.370E
9.3742
9.374E
9.37uE
9.328E
9.263E
9.119E
9.027e
8.9802
8.965E
8.9049E
8.933¢
8.907E
8.885E
8.8658
8.853E
8.84SE
8.838E
8.832E
8.825E
8.819E
B.81ESE
8.811E
8.808E
8.806E
8.800B
8.8028
8.801E
8.799E
8.798E
8.797E
8.797E
'8.796E
8.795E
8.795E
8.795E
8.794E
8.794E
8.T794E
8.794E

RCPUE
1. 0008 00
1. 000E 00
1. 0008 00
1. 000E 00
9.T764E-01
9.0895E-01
9. 3u6E-01
9.296E-01
9.257E-01%
9.2368-01
9.191E-01
9.187E-01
9. 105e-01
9.081E-01
9.06GE-01
9.0528-C1
9.081E-01
9.0308-01
9.019B-01
9.010E-01
5.003e-01
8.998E-01
8.99ae-01
8.990E-01
8.9878e-01
8. 984E-01
8.982E-01
8.980E-01
8. 978E-01
8.977E-01
8.976E-01
8.975E-01
8.974E-01
8.973e-01
8.973E-01
8. 972e-01
8.972E-01
8.971e-01%
8.971E-01
8.971E-01
8.971e-01



YBAR CLASS FINAL VECTOR
0 6.05074E 10
1 8.79369e 05
2 4.82618¢ 0S5
3 3.23517E 0S
4 2.64881E 05
5 1.56168E 05
6 7.98618E 04
7 4.08399E 04
[} 2.25926E 08
9 1.24981E 04

10 7.87564E 03
1" a.a7149r 03
12 2.89328€ 03
13 1.87211E 03
AL 1.3100418 03
15 3.05669E 03

COBMAND I 12 13 I4
ouT 15 0 0 0

=== JOB SUNNARY ~=~-
OUTPUT COMPLETED, SET 1.0

EXIT AT END-OP-PILE CARD

Fig.

12.

94

1?7 18 9 110
0 0

Example 1 - Standard output (cont.).



=

&g

OUIPT

OUTPT

00TPT

OUTPT

OO0TPT

OUTPT

ouTeT

OUTPT

OUTPT

OUTPT

OO0TPT

OUTPT

OUTPT

OUTPT

OUTPT

OUTPT

REL

REL

YEAR
| PO

...
1...

40

40

10
20
40

10
20
40

40

40

SET

95

1.0

PRACTIONAL CHANGE IW SURVIVAL FROBABILITY POR AGE CLASS 0, FRY

0.0 0.30
2.000E 06 1.881E 06
2.000E 06 1.809E 06
2.000E 06 1.766E 06
2.000E 06 1.758E 06
7.668E 05 6.9U8E 05
7.668F G5  6.S530E 05
7.668F 05 6.281E 05
7.668E C5  6.238E 05
5.190B-C1 . 4.9532-01
5.190E-01 &.809g-01
5.190E-01  4.721E-01
5.190E-01  4.707E-01
6.450E 10  6.37aE 10
6.450E 10 6.158E 10
6.450E 10  6.069E 10
6.450E 10 6.051F 10
1.1032 06 9.328E 05
1.1038 06  8-9652 05
1.103E CE  8.8258 05
1.1032 06 B8.794E 05
2.589E 03  2.598g 03
2.589E €3 2.769E 03
2.589E 03  3.043E 03
2.589E €3 3.057E 03
1.710B-05  1.453E-05
1.710E-05  1.453E-05
1.710E-05  1.453g-05
1.710E-05  1.453g-05
5.700B-01  5.795E-01
5.700E-01  5.854E-01
5.700B-01  5.B839E-01
5.700E-01  5.8962-01
6.146E-01  6.4012-0
6.106E-01  6.630E-01
6.146E-01  6.756E-01
6.186E-01  6.778E-01
3.854B-Ct  3.S59g-01
3.854E-C1  3.366E-01
3.853E-C1  3.204E-01
3.850B-C1  3.222E-01
1.711B-01  1.706E-01
1.711E-01  1.706B-01
1.711E-01  1.7068-01
1.711E-01  1.7068-01
1.000B-01  9.7292-02
1.000P-01  9.729E-02
1.000E-01  9.729E-02
1.000B-01  9.729£-02
1.0002-01  9.3812-02
1.000E-01  9.381E-02
1.000B-01  9.381E-02
1.000E-01 9.381E-02
2.154B-C1  2.083E-01
2.154E-C1  2.083e-01
2.154E-C1  2.083E-01
2.154B=C1  2.083g-01
2.150E-C1  2.117g-01
2.154g-€1 2. 117-01
2.1548-€1  2.1178=01
2.154E-CY 2. 117E-01
2.158E-C1  2.1178-01
2.154E-C1  2.1172-01
2.1508-C1  2.1172-09
2.154E-¢1  2.117g-01
1.000E 00  9.407E-01
1.000F 00  9.046E-01
1.000F 00 8.829E-01
1.0008 00  8.791E-01
1.000E 00 9.061E-01
1.000E.00 8.516E-01
1.000E 00 8. 190E-01
1.000E 00 8.135E-01

Fig. 13.

Example 1 - Summary table.
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REL i.000E 00 9.543E-01
1.000E 00 9.265E-01

1.000E 00 9.0972-01

1.000F 00 9.069P-01

REL ... 5 1.000E 00 9.882EB-01
... 10 1.000E 00 9.S547E-01

4... 20 1.000B 00 9.808E-01

4... 40 1.000E €O 9.381E-01

PEL S.e. 5 1.000B 00 8.459B-01
Sisa 10 1.000E 00 8,129E~01

S..0 20 1.000F 00 R.NO2E-01

S... 40 1.000B €O  7.974E-01

REL 6... 5 1.000E 00  1.004E 00
6... 10  1,000E 00 1.070E 00

6... 20 1.000E 00 1.17SE 00

6... 40  1.000E 00 1.181E 00

REL 7... 5 1.000E 00 1.CO0E 00
J... 10 1.000E 00  1.000E 00

7... 20 1.000E €O 1.000E 00

7... 40  1.000FE 00  1.000E 00

INBACT ... 5  1.000E SO  1,976E-01

l.c. 10 1,000 S0 3,179E-01
1... 20 1.000E 50 3.904E-01
... 40 1.000E 20  4.028E=Q)

IAPACT 2... S 1.0008 <0 3.129E-01
2... 10 1.000E =0 4.947E-01
2... 20 1.000F €0 6.032E-01
2... u0 1.000E SO 6.216E-01

INPACT 3... 5 1.000E SO 1.€23e-01
3... 10 1.000E <0 2.450E-01V
3... 20 1.000E 50 J.009E-01
3., 00 1.000E £0 3.105E-01

INEACT 4... S 1.000E <0 3.936E-02
4... 10 1.000e €0 1.€10E-01

u 1.000E S0 1.972E-01

1.000D %0 2e 0G4S 01

IMPACT 1.000F 50 5. 138E-01

S... 10 1.000E 50  6.235E-01
5... 20 1.000E S0  6.659E-01
Seve 40 1,000 S0 R.7S4F-0

INPACT 6... 5 1.000E €0 -1.182E-02
6... 10 1.000E S0 -2.321E-01
6... 20 1.000E S0 ~-5.846E-01
6... 40 1.000E €0 -6.027E-01

INPACT ... S 1.000E SO 0.0
Teaa 10 1.000E 50 0.0
7.0 20 1.000E SO 0.0
Tee. 40O 1.0008 €0 0.0

B/C Teee S 1.000E 0C 9.495E-01
T... 10 1.000E 0C 9.191E-01
... 20 1.000E 00 9.003E-01
1... 40 1.000E 00 8.971E-01

B/C 2... 5 0.0 0.0
2... 10 0.0 3.€19E-02
2... 20 0.0 5.B8UE-02
2... 40 0.0 6.2TIE~-02
B/C 3... S 0.0 0.0
3... 10 0.0 1.395E-02
3... 20 0.0 8. 7U6E~-03
3... w0 0.0 1.287e-03
B/C 4... 5 0.0 0.0
4.., 10 0.0 1.443E-02
G... 20 0.0 2.3E=02
Sb... GO 0.0 2.962E-02
B/C S.v. 5 0.0 0.0
See. 10 0.0 5. S62E-013
5... 20 0.0 3.439E-03
S... 4un o.n S, ulltE=0n
8/C 6... S 0.0 0.0
6... 10 0.0 1.023E-02
6... 20 0.0 1.$968-02
6... 40 0.0 1.€908-02
B/C T.e. S a.0 0.0
7... 10 0.0 3.944E-03
Tou. 20 0.0 2.372B-03
T.:. 40 0.0 3.73uE-04
YRS RELYD LT .50 0 ]
YRS RELN1 LT .S0 o 0
YRS RELTOTP LT .50 o 0
INDEX OP RISK 0.0 6.0

Fig. 14. Example 1 - Summary table (cont.).
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RELATIVE YIELD

0-750 0-975 1-000 1-125 1-250 1375

0825

0-5Q0

97

RNL-DW -128
SET 1-0 ORNL-DWG 78-12836

RELATIVE YIELD VS. TIME

0-0

8-0 16-0 2¢-0 32-0 40-0
TIME, YEARS

Fig. 15. Example 1 - Graph 1.



RELATIVE TQTP

98

ORNL-DWG 78-1287

A SET 1-0
RELATIVE TOTP VS. TIME

1-375

{-250

1°125

a-750

0- 625

0500

O~
A—

0-0 8-0 16-0 24-0 320 40-0

TIME, YEARS
Fig. 16. Example 1 - Graph 2.

ool
48
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Consolidated Edison Company of New York, Inc., Docket No. 50-286, United

 States Nuclear Regulatory Commission (1975), and from McFadden (1977).

In this example there are no density-dependent effects in age class 0,
but fishing is assumed to act in a density-dependent manner.

The command RDI calls for the reaqing in of an inifial population
vectoy with 16 age classes. The command PI_cqlls for this vector to be
printed (Fig. 8). ‘The command ITR specifies that Subroutine ANALYT is
called to calculate a value of PNSO from the target value of TOTP, and
then an initial population vector is generated from the base case.

(Fig. 9). The first RO command causes a run of 40 years'to be madé.

The vital statistics are first printed out (Fig. 9) and then the popula-
tion statistics over the 40 year period (Fig. 9). Note the integer 13

or 15 ip columns 19 and 20 of the RO card, which causes values to be
stqred for'the eveﬁtual.printing out of a summary table and plotting_df
gréphs 1 and~2. The final prulatipn veqtor is next printed.

The CP‘command specifies that a change in paramgfer values is
needed for the negt run. The follo&ing qard causes FRY, the power plant
impaét factor, to be changed from 0,0 to 0.3 (Fig. 11). Another run of
4o yeaqs,‘starting withithe driginal_population vector, is then made
(Figs. 11, 12). Aé is clear from the numbebs, the power plant impact
has changed'the equilibrium state of the fish population. Finally, the
ouT Qa%& calls for the printing put of a summary table as well as the o
plotting.of graphs 1 and 2, using data stored from the RO runs. The
summary table is shown in Figs. 13-14 and graphs 1 and 2 are shown inf

Figs. 15 and 16.
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No DO_sections were.used ih this example since they are primarily
used to simplify and condense the number of cards needed for the execu-

tion of repetitive (with slight modifications) of long series of runs.

2. Example 2 (Figs.'17-35)

This example illustrates the 1ong-ferm effects of power plant
iﬁpacts both with and without coﬁpensation in age class 0. The useful-
ness of the RC cards in simuiating the "turning off" of the power plant
after a given number 6f years of‘operation, and the succinctness
afforded by the DO commands are taken aanntage of here.

The input data are showﬁ in Fig. 17. The initial parameter values
are similar to those of Example 1.

| The command BEGN denétes the‘beginning of a set of related cases
(Fig. 18). The cérds from the DO to the ENDO commands constitute a "DO
;;ction". The commands within this section are saved for reexecution
(REDO). They call first for the ruhning of a "base-line" case of 80
years, in which FRY = 0.0. The standard outﬁut generated for this case
looks very similar to Figs. 9 and 10 and is omitted here. The following
commands call for a pair of RO-RC runs, with the power plant impact
factor, FRY, having vaﬁious‘values for the first 40 years, and then
being turned off to~simu1ate the shutting down of the plant. The
simulations ¢ontinue to run for another U0 years, a3 specified by the

RC cards. In the first RO-RC run, FRY = 0.3 (Figs. 19-20) while in the

second run, FRY = 0.1 (Figs. 21-22).



MAIN

WBDNOW SN =

101

PATS

PATY

PHT11 PAT12

PN12 PNN3

PNBI PYNI0

PRY PDIO

83 84

PF2 PF3

PPI PP10

ACOY B

vuLy vuLS

VoL vuL12

CH30D DELT1

DAP1 DAD2

252 2853

ca13 CAty

cA25 cA31

cau2 CA43

CASY CASS

GA1 582

DAN2 DAN3

RER3 RFRY

2.1£05 1.3E05
2.6803 1.5203

PAT3 ).

PNTT 0.95

PATHY 0.

PATIS 1.

PRSI .2

PNAT .2

PRSY1Y .2

PNA1S .2

EPS  .00001

83 -5.34

“ATERX 100.

PPI .5

PP .5

PF11 .5

FPIS .5

voL)

voLs 1.0

vuLs  0.833

vUL12 0,500

IYRZH

DELF2 .)1667

DELT6 .471

DAPY

252 0.1

285 ).2150

caly

ca23

cA32

ca

cA4S

CASY

cA63

GA2

GA6

naNY n.n

RPR2 0.10

RPRS 0.50
1
1
1

ca2l 1.E-8

GA3 1.E-8

1 PMDY PMT2 PaT3
2 PHTS FYTY PMTI1D
3 FHTIS FNR®O P¥M1
u FNYb PN/ PNy
S PHN13 PY414 FHM S
[ TOTP1 LE3AL RATIO
7 ATHAX PFI PP1
8 133 PP7 PPg
9 FPI13 FP14 PP1S
10 vuLl voL2 VoLl
11 vuLs vOL3 voL10
12 VUL15S IYRZH CHGDI
13 DELTH4 DELTS DELTE
1 DAPS DRPS zs1
15 756 cAN CA12
16 CA22 CA23 CA2Y
17 CA34 CA3S CA4
18 CAS1 CAS2 CAS23
19 CR63 CAGY CA6S
20 GAS . GAS DANT
21 DANG RPR1 RFR2
22 RJAGE
21
24
25
26
27
28
29
30
31
32
33
34
35
36
37
RDI 16
5.2B10 1. 1B)6 4. 4E0S 2.6E0S
2.5e04 1.64e00 8.7E03 4.5E03
PI
rDP 148
FETY 0.0 PNT2 ).D
FHTS 0.23 FuTE J. 71
FHT9 1. PYTI0 1.
FMT13 1. PAT14 3,
FNMY .6 FNM2 .4
PNNS .2 PNYS .2
FRne .2 FNY10 .2
FNN13 .2 PNM1G .2
FDIO . 319 FDAXO .40
LEGAL 438. BATIO 3.
B1 98212. B2 73030.
FPY .5 FP2 -5
FPS .5 FFS )
FP9 .5 PPID .S
FF13 .5 PP14 .3
B - 1151 (o -3.09
vuL2 VGL3 0.667
VOLE 1.0 voL? 7.8133
VOL10 0.667 YUL11 J.500
vUL14 0.333 vuL1s 3.333
CHGDD DELT1 .00548
DELT4 1111 DELTS .337
DAP2 DAP?
DAPE 251
ZS4 0.2154 55 J.2154
Ca12 call
can CA2?
CA2S cA3n
CA3l CA2S
Ch43 CAuu
CaS2 CAS3
CAb1 CR62
CA6S GA1
GAau GAS
DAN2 0.0 ‘DAN 0.0
DANG 0.0 RFR1 0.01
RPRU 0.40 RPRS 0.45
BEGHN 1
Do
ITR
PP
RO 80 15 10 20 40 80
CP 1
PRY 0.3
RO uo 15 10 20 40 k]
cP 1
PRY 0.0
RC 40 15
cp 1 .
PRY 0.1
RO 40 15 10 20 40 83
ce 1
FRY 0.0
RC 40 15
ogT 15
ENDO
BEGKR
e A
PDIC 0.170 PDYXO 0.536
cag E-8 GA2 1.-8
REDD

FNTS PHI?
FAT13 PNTIU
P NNy PHUS
PNNTY PN%12
PDMXO EPS
B1 22
1343 PPS
FF11 FP12
< voLo
vaLé voL?
voL13 VoL
DELT2 DELT3
paP3 DAPY
154 2S5
A5 cA21
CA32 CA33
CA4y CAUS
CA61 CAB2
GA3 GAS
DANG DANS
RPRS RFR6
7.7E0U4 4. 3E04
B.3E22 1. 12023

PRT4 0.06

FNT8 1.0

PETI2 1,

PNNO 2.8-5
FmMe .2

PNMB .2

PNM12 .2

FRY 0.0

TOTP1 1806
BY 13

FFO .5

PPY4 .5

PFe -5

PP12 .5

ACOR

yUL?

vyLs 1.0

voL9 0.667
YOL13 0.333
CHGDI

DELT3 .0609
DAP1

DAPS

753 2.1

CAlY

CA15

[.¥13

CTA33

CAu2

CAS1

CASS

CA6Y

GA3

DAN?

NANS 0.0
RPR3 0.30
RJIAGE 5
ca3d 1.e-8
- JAG 1.8-8

Example 2 - Input data.
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CoMMAND I1 Iz I3 I4 I5 I6 I7 I8 I9 IO
ROI 6 0 0 0 0 0o .0 0 0o o
CONMAND IV 12 13 18 15 16 I7 18 I9 T10
PI 0 o 0 0 0

YEAR CLASS INITIAL VECTOR

o 5.20000E 10

1 1.100008 06 . .
2 4.90000E 05

3 2.600002 05

4 2.10000E 05 . .
S 1.30000E 05

6 7.70000E 04

7 4.30000E 04

8 2.50000E 04

9 1.40000E QU

10 8.00000E 03

1" 4.50000E 03

12 2.600008 03

13 1.500008 03

w R.30000% 02

15 1.10000E 03

CONMAWD X1 I2 I3 I& 15 I6 I7 18 19 I10
RNP 10R [+ 4] 0 0 0 ] 0 0 0

COMSAND IN 12 I3 I4 15 16 17 18 19 110
BEGN 0 0 1 ] 0 0 0 0 0 0

$SkEss SET 1 ssese

REPLACE INITIAL POP'K VECTOR WITH MOST RECENT INPUT VECTOR.
REPLACE PRESENT PARA SET WITH INPUT SET.

COMNAND I 12 I3 I8 15 I6 17 I8 19 110

Do (1] 1] [} [} 0 0 0 Q0 0 (1]
COMMAND RO.
1 ITR
2 PP
3 RO 80 15 10 20 a0 80
4 cp 1
PRY 0.3 ——
S RO a0 15 10 20 40 80
6 CcPp 1
FRY 0.0
7 RC 40 15
8 CcP 1
PRY 0.1 .
9 RO Q0 15 10 20 a0 80
1° cp 1
PRY 0.0
n RC 490 15
12 ooT 15
13 ENDO

DO SECTION IS SAVED. 13 RBCOGNIZABLE CONAANDS.

COMEAND IN 12 13 pL] 15 16 17 I8 I9 110
ITR 0 o 0 n 4] ] [} [ 0 0

TARGT= 2.000E 06
FDNX0 CHANGES FRON 0.400 TO 0.000 IN STEPS OF 0.0
PDI0 CHANGES PROM 0.319 TO 0.319 IN¥ STEPS OF 0.0
TOTP = 2.000000E 06

ARALYTIC PNSO= 1.7098E-05

Y-0-Y PARARETERS CONPUTEL IN ANALYT

DAN (1) 0.32219356E 03
DAE (2) 0.13812750E 03
DAK (3) 0.37809280% 02
DAN (8) 0.13818710E 02
DA (5) 0.45556601E 01
DAN (6) 0.325957208 01

Fig. 18. Example 2 (set 1l: without
Standard output.

age class 0 compensation)



5

CONMAND I I2 13

cp

1 0 0

sessann HOTR- Raeeesw

FRY

3. 000VE-0

COMMAND I 12 13

RO

AGE

VWO IPRNEWN 2O

WITH THESE PARAMETERS-- ACON,B,C=

YRAR TOTP
0. 2.0002 06
1. 2.000E 06"
2. 2.000E 06
3. 2.000E 06
4. 1.947E 06
S. 1.881E 06
6. 1.845E 06
T. 1.833E 06
8. 1.8248 06
9. 1.819E 06
10. 1.809E 06
11. 1.7998 06
12. 1.789E 06

13, 1.784E 06
1. 1.780E 06
15. - 1.777E 06
16. 1.T7T74E 06
17. 1.772E 06
1. 1.769E 06
19. 1.767E 06

20. . 1.766E 06
21. 1.765E 06

22. 1.7648 06

23. 1.763E 06
4. ‘1.762EB 06

25. 1.761E 06

26. 1.761E 06

27. 1.760E 06

28. 1.760E 06

29. 1.7608 06
30. 1.759E 06

. 1.7598 06
32. 1.759E 06
33, 1.759E 06
34, 1.759E 06
3s. 1.759E 06

36. 1.759E 06
37. 1.758E 06
38. 1.7588 06
39. 1.758E 06

wo. 1.758E 06

YEAR CLASS FPINAL V
0 6.05074
1 8.79369
2 4.82618
3 3.23517
4 2.64881
5 1.96168
6 7.98618
7 4.08399
8 2.25926
9 1.20981

10 T7.47564
1" 4.687149
12 2.89328
13 1.87211
1 1.31041
15 3.05669
Fig.

Q0 0 15

LENGTH " HETH

0.0

1.1208 02
2.178e 02
3.17%e 02
4.110E 02
4.982E 02
5. 796 02
6.543E 02
7.230E 02
7.856E 02
8.0820r 02
8.922e 02
9.362E 02
9.701E 02
1.006E 03
1.031E 03

I4 I5
0 0

1 CHANGED PARANETER(S)--

14 15
10 20

16 17

0 0
I6 17
40 80

9 110
0 0
9 110
o 10

VITAL STATISTICS - SET

GHT EGGS

0.0 0.0
2.615e-02 1.001E 05
2.097e-01 1.135e 05
6.819E~01 1.480E 05
1. 52%e 00 2.099E 05
2.795E 00 3.023E 05
4.481E 00 4.254E 05
6.557E 00 5.770E 0S
8.964E 00 7.52%E 05
1.1628 O1 9.470E 05
1. 484E 01 1.153€ 06
1.731E 01 1.362E 06
2.013E 01 1.56BE 06
2.278e 01 1.76 2E 06
2.518E 01 * 1.937E 06
2.7248 01 2.087E 06

0.0

PM

115

ALE

0.0

5.000E-01
5.000E-01
5.000E-01
5.000E-01
5.000E-01
5.000E-01
5.000E-01
5.0008-01
5.000E-01
5.000E=-01
5.000E-01
5.0008-01
5. 000E-01
5.000E-01
5.000E-01

.10 -3.09

81,B82= 0.$82E 05 0.730F 0S5

1

PHA

FDNX0 CHANGES FROM 0.400 TO 0.400 IN STEPS OF 0.0
FDIO CHANGES FROM 0.319 TO 0.319 IN STEPS OP 0.0

P
0.5190
0.5190
0.5190
0.5190
0.5084
0..4953
0.4880
0.4857
0.4838
0. 4829
0.49809
0.4788
0.4768
0.4757
0. 4749
0.4744
0.4739
0.46730
0.4729
0.4725
0.48721
0.4719
0.4717
0.6716
0.4714
0.4713
0.4712
0.8711
0.4710
0.4709
0.4709

0.4708

0.4708
0.9708
0.4707
0.4707
0.4707
0.4a707
0.4707
0.4707
0.4707

ECTOR

E 10
E 05
E 05
B 05
E 05
E 05
E Ou
E 04
E 0U
E 04
E 03
B 03
E 03
E 03
B 03
E 03

YIE
7.668E
7.668E
7.668E
7.668E
7. 334E
6.9u8E
€.738E
6.671E
6.6178
6.589E
6.530E
6.471E
6. 415E
6.383E
6.361E
6. 34SE
6.3308
6. 316E
6. 302E
6.290E
6.281¢
6.2T4E
6.269E
6. 264E
6.260E
6.256E
6.253E
6.250E

' 6. 248E
6.2U6E
6.2USE
6. 244E
6.263E
6.2428
6. 2a1E
6.240E
6.2U0E
6.239E

- 6.239E
6.239E
6.238E

LD
05
05
05
05
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1.000E 00

[:34 CATCH vOLN FAT. MORT
0.0 0.0 0.0 2.003B-05
0.0 0.0 0.0 - 4.512E-01
0.0 0.0 0.0 3.297E-01
6.297E 03 0.0 6.670E-01  1.813E-01
3.477E 04  6.977E-01  1.000E 00~ 1.813E-01%
1.510E 05  1.000E 00 1.000E 00 1.813E-01%
2.741E 05 1.000E 00  1.000E 00  1.813B-01
3.764E 05 1.000E 00 8.330B-01  1.813B-01
4.735e 05 1.000E 00 B.330B-01 1.813B-01
5.764E 05 1.000E 00 6.670B-01  1.813B-01
6.812E 05 1.000E 00 6.670E-01  1.813E-01
7.840E 05  1.000E 00 5.000B-0%  1.8%3B-O01
8.811E 05 1.000E 00 5.000B-01 1.813E-01
9.687E 05  1.000E 00  3.330BE-01" 1.813B-01

-1.084E 06 " 1.000E 00 °~ 3.330E-01 1.813B-01

LEGAL,83,B4= 436.0 -5.34 3,13

REL YIELD INPACTY INPACTP N1
1.0008 00 0.0 -~ 0.0 . 1.103E
1.000E 00 0.0 .- 0.0 ©9.374p
1.000E 00 .0.0 . 0.0 9.374E
1.000E 00 .0.0 0.0 ©.t 0 9.37WE
9.564E-01  1.454B-01 .8.861E-02 9.374E
9.061E-01  3.129E-01" 1.976E-01 9.328E
8.787E-01  4.043E-01  2.587E-01 9.263E
8.699E~01  4.335E-01 2.777B-01 9. 119E
8.629E-01  4.569E-01  2.933E-01 9,027B
8.593E-01  4.691E-0°1  3.010E-01 - B8.980E
8.516E-01  4.947B-01  3.179B-01 B8.965E
8.439E-01  5.203B-01  3.348B-01 ~ 8.949E
8.365E-01  5.850E-01  3.518E-01 8.933E
8.324P-01 5.588E-01 3.607E-01 8.907E
8.295E-01  5.685E-01 . 3.672E-01 8.88SE
8.27uE~01  5.753B-01 3.717E-01 8.865E
‘8.255E-01  5.817-01 ~3.760E-01 8.853E
8.236E-01  S5.880E-01  3.802E-01 8.845E
8.218E-01  S5.941E-01  3.843B-01 8.836E
8.2028-01 - 5.992B-01  3.877B-01 8.832E
8.190E-01 6.032B-01  3.904E-01" 8.825E
8.182E-01  6.061E-01  3.924E-01 8.0819E
8.1758-01  6.085B-01  3.940B-01 8.815¢
8.168E-01  6.105E-01  3.950E-01 8.811E.
8.163E-01 - 6.124E-01" - 3.966E-01 8.808E
8.158E-01  6.160E-01  3.977B-01 8.B06E
8.154E-01  6.154E-01  3.987E-01 .8.804E
8.150E-01 . 6.165E-01  3.994B-01' " §.802E
8.148E-01  6.174B-01  4,000B-01 . 8,.B801E
8.146E-01  6.181E-01 .08.005E-01 8.799E
8.144E-01  6.188B-01  4.009E-01'" 8.798E
8.102E-01 - 6.193E-01  6.013E-01 8.797E
8.141E-01 .6.1982-01 . 4,016B-01 8.797E
8.139E-01  6.202E-01 " 4.0198-0%1 .8.796E
8.1388-01- 6.205B-01  4.021B-01  8.795E
8.138E-01  6.208E-01  4,023E-01 8,79SE
8.137E-01  6.210E-01  6.024E-01 . 8.795E
8.136E-01 6.212E-01 4.026E-01 8.794E
8.136E-01  6,213E-01  §.027E-01 ° 8,794E
8.136E-01 6.215E-01  4.028B-01 8.794E
8.135E-01  6.216B-01  42.028E-01 8.794E

REL TOTP REL EFRT
1.000E 00 1.000E 00
1. 000E 00 1.000E 00
1.000E 00 1.000E 00
1.0008 00 1.000E 00
9.734E-01 " 9.795E-01
9.407e-01 9.543E-01
9.224E-01 9.402E-01
9.167E-01 9.358E-01
9.120E-01 9.322e-01
9.097e-01 9.304E-01
9.046E-01: 9.265e-01
8.996E-01 9.226E-01
8. 946E-01 9.188E-01
8.9188-01 9.166E-01
8.898e-01 9.151E-01
8.885g-01 9.140E-01
8.8728-01 9.131e-01
8.8598-01 9.121e-01
8.847E-01 9. 111E-01
8.837e-01 9.103e-01
8.829e-01 9.097g-01
8.823B-01 9.093E-01
8.818B-01' 9.089p-01
8.814E-01 9.086E-01
8.8108-01 9.083E-01
8.8078-01 9.080E-01
8.804E-01" 9.078E-01
8.802E-01 9.076e-01
© 8.800E-01 9.075E-01
‘< 8.798E-01 9.0749E-01
8.797E-01 9.073E-01
8.796E-01 9.072E-01
. 8.7958-01 9.071e-01
8.798E-01 9.071E-01
8.7988-01 " '9.070E-01
8.793E-01 9.070E-01
8.793E-01 9.070E-01
8.792E-01 9.069E-01
8.792e-01 9.069E-01
8.792E-01 9.069E-01
8.791e-01 9.069E-01

Standard output (cont.).

1e.

19. Exampie 2 (set 1l: without age class 0 -compensation) -

-,

RCTOE
1. 000E 00
1. 000 00
1. 000E 00
1.000E .00
9. 768E~01
9. 495E-01
9.336E-01
9. 296E-01
9.2578-01
9.236E-01
9. 191e-01
9. 147E~01
9. 1058-01
9.081E-01
9.068E-01
9.052E-01
9.081E-01
9.030E-01
9. 019E-01
9.010E~01
9. 003E-01
8. 998e-01
8.994E-01
8. 990e-01
8. 987E-01
8.984E-01
8. 982E-01
8. 980E~-01
8. 978E-01
8. 977B-01
8.976E-01
8.975e-01
8. 9748-01
8.973e-01
8. 973E-01
8. 972e-01
8.972E-01
8. 971B-01
8, 971E~-01%
8. 971e-01
8.971e-01




COMMAND I 12 I3 19 15 16 17 I8 I9 110
cp 0 0 0 0 Y 0 0 0 0
*90s%s% NOTE- *ssxns
1 CHANGED PARANETER(S) -~
PRY .
CONBAND I I2 13 I 15 16 17 18 19 110
RC 40 0 15 0 0 0 o 0 0 0
VITAL STATISTICS - SET 1
AGE LENGTH REIGET EGGS PENALE 14,1}
0 0.0 0.0 0.0 0.0
1 1.120e 02 2.615e-02 1.001E 05 5.000E-01
2 2.1788 02 2.097e-01 1.135e 05 5.000E-01
3 3.175e 02 6.819e-01 1.480E 05 5.000E-01
4 4.110E 02 1. 529 00 2.099R 05 5.000E-01
S 4.982e 02 2.795e 00 3.023e 05 5.000E-01
6 5. 79ue 02 4,.481E 00 4.254E 05 5.000E-01
7 6.543E 02 6.557€ 00 5.770E 05 5.000E-01
8 7.230E 02 B.964E 00 7.529e 05 5.000E-01
9 7.8568 02 1.1628 01 9.4708 05 5.0008-01
10 8.420E 02 1. 44GE 01 1.153E 06 5. 000E-01
11 8.922E 02 1.731E 01 1.362E 06 5.000E-01
12 Y.3b2e U2 Ui 0 1.568E Ub 5. U0UE-UY
Ak 9.781E 02 2.2708 01 1.762E 06 5.000E-01
1 1.0068 03 2.518e 01 1.937E 06 5.000E-01
15 1.031E 03 2.726E 01 2.0872 06 5.000E-01
WITH THESE PARAMETERS-- ACON,B,C= 6.0 115.10 -3.09

81,82= 0.¢82¢ 05 0.730g 05

YEAR TOTP | 4
a0. 1.7588 06 0.4707
6. 1.758E 06 0.4707
w2. 1.758E 06 0.4706
a3, 1.758E 06 0.4706
[T 1.8082 06 0. 4806
45, 1.872E 06 0.4935
46. 1.909E 06 0.5009
u7. 1.920E 06 0.5031
us. 1.9298 06 0.5049
49, 1.934E 06 0.5059
50. 1.946E 06 0.5082
51. 1.958E 06 0.5106
52. 1.969E 06 0.5128
53. 1.975E 06 0.5140
54. 1.979E 06 0.5148
55. 1.982E 06 0.5153
56. 1.985E 06 0.5159
s7. 1.987B 06 0.5165
58. 1.990E 06 0.5170
59. 1.992E 06 <5174
60. 1.994E 06 0.5177
61. 1.995E 06 0.5179
62. 1.9968 06 0.5181
63. 1.996E 06 0.5183
64. 1.997¢ 06 0.5184
65. 1.998E 06 0.5185
66. 1.998R 0A n.S186
67. 1.9988 06 0.5187
68. 1,9998 06 0.5187
69. 1.999E 06 0.5188
70. 1.999E 06 0.5188
7. 1.9998 06 0.5189
72. 1.9992 06 0.5189
73. 2.000E 06 0.5189
T4. 2.000E 06 0.5189
75. 2.000E 06 0.5189
76. 2.000E 06 0.5189
77. 2.0002 06 0.5190
78. 2.0008 06 0.5190
79. 2.000E 06 0.5190
80. 2.000E 06 0.5190
YEAR CLASS PINAL VECTOR

0 6.4499UE 10

1 1.10278€E 06

2 6.05211E 03

3 4.05681E 05

[ 3.321398 05

5 1.89322E 05

6 9.22459E 04

7 4.49464E 04

8 2.38827E 04

9 1.26903E 04
10 7.349862 03
1" 4.25683R 01
12 2.68865e 03
13 1.69818E 013
14 1.16969E 03
15 2.58909E8 03

Fig. 20.

YIE
6.238E
6.238E
6.238P
6.233E
6.532e
6.903E
7.1178
7.184E
7.238E
7.269¢
7. 340E
7.4138
7.479E
7.515¢
7.539E
7.556¢€
7.573e
7.591¢
7.607E
7.6208
7.629E
7.636¢
7.6U41E
7.606E
7.650E
7.65UE
7.RSTE
7.659E
7.660E
7.662E
7.663E
7.664E
7.6652
7.666%
7.666E
7.6668
7.667E
7.667E
7.667E
7.668E
7.668E

Lo

Example 2 (set 1:
Standard output (cont.).

RET. TOTP
8.791e-01
8.791e-01
8.7918-01
8.7918-01
9.040E-01
9.362e-01
9.5478-01
9.602e-01
9.6u78-01
9.672e-01
9.730E-01
9.7908-01
9.845e-01
9.8752-01
9.895E-01
9.9098-01
9.923e-01
9.937e-01
9.950E-01
9.9618-01
9.968E-01
9.9748-01
9.978E-01
9.982e-01
9.985E-01
9.988E-01
9.99NE-N1
9.992e-01
9.994E-01
9.995e-01
9.996E-01
9.9968-01
9.9972-01
9.998E-01
9.998E-01
9.9982-01
9.999e-01
9.999e-01
9.999e-01
9.999E-01
9.999E-01
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1.000E 00
1.000e 00

REL EPRT
9.069E-01
9.068E-01
9.068E-01
9.068E-01
9.2608-01
9.508E-01
9.651E-01
9.6948-01
9.728E-01
9.7478-01
9.792E-01
9.838e-01
9.881E-01
9.%03 E-01
9.919e-01
9.930e-01
9.940E-01
9.951e-01
9.9628-01
9.970E-01
9.975e-01
9.980E-01
9.983E-01
9.986E-01
9.989e-01
9.991e-01
2.993e-01
9.993B-01
9.995E-01
9.996E-01
9.997e-01
9.997E-01
9.998E-01
9.998E-01
9.999e-01
9.999E-01
9.999e-01
9.999E-01
9.999E-01
9.999E-01

BI CATCH VOLN RAT
0.0 0.0 0.0
0.0 0.0 0.0
6.0 0.0 0.0
6.297E 03 0.0 6.6708-01
3.477E 0u 6.9778-01 1.000E 00
1.510E 05 1.000E 00 1.000B 00
2.7¢61E 05 1.000E 00 1.000E 00
3.764E 05 1.000E 00 8.3308-01
4.735E 05 1.0008 00 B8.330B-01
5.764E 05 1.000E 00 6.670B-01
6.812E 05 1.000E 00 6.670E-01
1.8008 Uy 1.uoue v 5.UuuE-u1
8.811E 05 1.000E 00 5.000B-01
9.6878 05 1.000E 00 3.330E-01
1.044E 06 1.000E 00 3.330e-01
LEGAL,B3,BU= 838.0 -5.34 3.13
REL YIELD INPACTY IRPACTP
8.135E-01 1.000E 50 1.0002 50
8.135r-01 1.000E 50 1.000E 50
8.135E-01 1.000E 50 1.0002 SO
8.134E-01 1.0008 SO 1.000E 50
8.518E-01 1.000E 50 1.000E SO
9.001E-01 1.000E 50 1.000E 50
9.280E-01 1.000E 50 1.000E SO
9.368E-01 1.000E S50 1.000E 50
9.438E-01 1.0008 50 1.000E S50
9.479E-01 1.000E S0 1.000E SO
9.571e-01 1.0008 50 1.000E 50
9.667E-01 1. 0008 50 1.000E S0
9.753E-01 1.000E 50 1.000E 50
9.800E-01 1.000E 50 1.0008 S50
9.831E-01 1.000® 50 1.000E 50
9.853E-01 1.000E 50 1.0008 50
9.876E-01 1.0008 50 1.000E 50
9.899E-01 1.000E 50 1.000E 50
9.920E-01 1.000E 50 1.000g SO
9.937E-01 1.000E 50 1.0008 50
9.949e-01 1.000E SO 1.000E SO
9.958E-01 1.000E 50 1.000E 50
9.965E-01 1.000E 59 1.0002 50
9.971e-01 1.000B S50 1.000E SO
9.976E-01 1.000E S0 1.000E 50
9.981E-01 1. 000E SO 1.000E 50
9.985E=01 1.0008 50 1.0008 S0
9.988E-01 1.000E 50 1.000E 50
9.990E-01 1.000E 50 1.000E S50
9.992E-01 1.000E S0 1.0008 50
9.9913e-01 1.0008 50 1.000e S50
9.994E-01 1.0002 50 1.0008 SO
9.9958-01 1.000g 50 1.0008 50
9.996E-01 1.000E 50 1.0002 S0
9.997e-01 1.000E 50 1.000E S0
9.998E~01 1.000E S0 1.000E 50
9.998E-01 1.000E S0 1.000E 50
9.998E-01 1.000E 50 1.000E 50
9.999e-01 1.000E 50 1.000E 50
9.999E-01 1.0008 SO 1.000E 50
9.999E-01 1.000E 50 1.0008e 50

1.000e 00

. MORT

2.003E-05
4.512B-01
3.297e-01
1.8132-01
1.813e-01
1.813e-01
1.813e-01
1.813e-01
1.8138-01
1.813e-01
1.813E-01
1.814E-0
1.813E~01
1.813e-01
1.813e-01

N1
8.79uE
1.0352
1.035E
1.035e
1.033E
1.040E
1.048E
1.0658
1.076E
1.082E
1.088E
1.0858
1.088E
1.091e
1.09ae
1.096E
1.097e
1.098E
1.0998
1.099e
1.100E
1. 101E
1.101E
1.101e
1.1028
1.102E
1.1028
1.1028
1.102E
1. 1028
1.1028
1.103¢e
1.103E
1.103E
1.103e
1.103e
1.103e
1.103E
1.103E
1.103e
1.103e

without age class 0 compensation) -

RCPNFR
8.971e-01
8.9712=01
8. 970E-01
8.970E-01
9. 198E-01
9.367E-01
9.616E-01
9. 665E-01
9.702E-01
9. 725E-01
9. 7758-01
9. 8258-01
9. 871E-01
9. 8958-01
9.912E-01
9. 923e-01
9.935e-01
9.987E-01
9. 959E-01
9.967E-01
9.973e-01
9.978E-01
9.982E-01
9. 985e-01
9. 988E-01
9.990E-01
9.992p-01
9. 994e-01
9.995E-01
9.996E-01
9.996E-01
9.997e-01
9. 998E-01
9. 998E-01
9. 998E-01
9.9998-01
9.999E-01
9. 999E-01
9. 999E-01
9.999E-01
1. 0002 00
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CONMAN
ce

FRY

COMBAN
RO

AGE

VRNV EWN=O

D It 12 I3 I4 I5 16 17 I8 I9 110
1 0 0 0 0 ] [} [ ] 0
*assEss NOTE- Sesssss
1 CHANGED PARANETER (S)--
1. G000E-0i
D I1 12 I3 I4 15 16 17 18 19 110
40 ] 15 10 20 40 80 0 ] 10
VITAL STATISTICS - SET 1
LENGTH WEIGHT EGGS PENALE PHA
0.0 0.0 0.0 0.0
1.120E 02 2.615e-02 1.001E 05 5.000E-01
2.178E 02 2.097B-01 1.1358 05 5.000E-01
3.175e 02 6.819E-01 1.480E 05 5.000E-01
4.10E 02 1. 529 00 2.099E 05 5. 000E8-01
4.982E 02 2.795E 00 3.023E 05 5.000E-01
5.794E 02 4.481E 00 4.2548 05 5.000E-01
6.543E 02 6.557E 00 S.770E 05 5.000e-01
7.2308 02 8.964E 00 7.529e8 05 5.000B-01
7.856E 02 1. 1628 01 9.470E 0S5 5.0008-01
8.420E 02 1.4487 01 1183 0R 5.0008-01
8.922e 02 1.731E 0t 1.362E 06 5.000E-01
9.362E 02 2.013E 01 1.568E 06 5.000E-01
9.741E 02 2.278E 01 1.762E 06 5. 000E-0t
1.0068 03 2.518E 01 1.937E 05 5.000E-01
1.031g 03 2.724E 01 2.087E 06 5.000E-01

WITH THESE PARAMETERS-- ACON,B,C=

YEAR C

COLONE WN - O

0.0 - 115.10 -3.09
B1,B2= 0.982E 05 0.730E 05

FDMX0 CHANGES PRONM 0.400 TC 0.400 IN STEPS OF 0.0
PCIO0O CHANGES FPROM 0.319 TO 0.319 IN STEPS OF 0.0

LASS

TOTP

2.0008
2.000E
2.000E
2.0008
1.982E
1.9618
1.949E
1.945E
1.943g
19418
1.938e
1.934E
1,931
1.929€
1,928
1.9278
1.927€
1.9268
1.925g
1.924%
1.926e
1.9208
1.9238
1.923e
1.923e
1.923g
1.923g
1.923€
1.9228
1.922E
1.922€E
1.922e
1.922e
1,922
1.922E
1.932e
1.922E
1.9228
1.922e
1.9228
1.922¢

06
06

F
0.5190
0.5190
0.5190

.€190
0.5155
0.5111
0.5088
0.5081
0.5075
0.5072
0.5065
0.5058
0.5052
0.5049
0.5046
0.5045
0.5043
0.5042
0.5080
0.5039
0.5038
0.5037
0.5037

L5036
0. 5036
0.5036
0.5035
0.5035
0.5035
0.5035
0. 5035
0.5035
0.5035
0.5034

. 5034
0.5034
0.5034
0.5034
0. 5034
0.5034
0.5034

PINAL VECTOR

6.32868E 10
1.01795E 06
5.64155E 05
3.78166E 05
3.09618E 05
1.784148 05
8.82956E 0u
4.36967E 04
2.35218E 04
1.26617e 04
7.40976E 03
4.33628e 03
2.76020E 03
1.73637e 03
1.21647E 03
2.73773E 03

21,

Example 2 (set l:

YTELD

7.668E
7.668F
7.668E
7.668E
7.556E
7.426E
7.357€°
7. 336E
7.319e
7.310E
7.288¢
7.267E
7.248E
7.238E
7.231E
7-.226E
7.222E
7.217E
7.212E
7.209E
7.206E
7. 204E
7.203¢
7.201E
7. 2008
7.199E
7.198E
7.198E
7.197E
7.197e
7.196E
7.19E
7.196E
7.196¢
7.1958
7.195E
7.195E
7.195¢
7. 195E
7.195E
7.195¢

REL TOTP
1.000E 00
1.000E 00
1.000E 00
1.0008 00
9.911E-01
9.803E-01
9.744E-01
9.727B-01
9.7138-01
9.706B-01
9.688E-01
9.671E-01
9.655E-01
9.646E-01
9.641E-01
9.637E-01
9.633E~01
9.629E-01
9.625E-01
9.622E-01
9.620E-01
9.610E-01
9.617E-01
9.616E-01
9.615E-01
9.614E-01
9.613g-01
9.613E-01
9.612E-01
9.612E-01
9.612B-01
9.611E-01
9.611E-01
9.611E-01
9.611E-01
9.611E-01
9.6118-01
9.611E-01
9.611E-01
9.6118-01
9.611E-01

105

PsO

1.000E 00

REL BPRT
_1.000E 00
1.000E 00
1.0008 00
1.000€ 00
9.932E-01
9.848E-01
9.803E-01
9.790B-01
9.7798-01
9.773E-01
9.7608-01
9.746E-01
9.738E-01
9.7278-01
9.7238-01
9.720E-01
9.7178-01
9.7158-01
9.711E-01
9.709E-01
9.707E-01
9.7068-01
9.705E-01
9.704 =01
9.703E-01
9.703g-01
9.702E-01
9.702E-01
9.7012-01
9.701E-01
9.701E-01

9.7018-01-

9.700B-01
9.700E-01
9.700E-01
9.700E-01
9.700E-01
9.700E-01
9.700E-01
9.700E-01t

BI ° CATCH VOLR NAT. HMORT
0.0 0.0 0.0 2.003E-05
0.0 0.0 0.0 8.512e-01
0.0 0.0 0.0 3.297e-01
6.297E 03 0.0 6.670E-01 1.813e-01
3.477E 08 6.977E-01 1.000E 00 1.813e-01
1.510€ 05 1.0002 00 1.000E 00 1.813E-01
2.741E 05 1.000B 00 1.0008 00 1.813E-01
3.764E 0S 1.0008 00 8.330E-01 1.813e-01
4.735€ 05 1.000E 00 8.3302-01 1.813E-01
5.764E 05 1.000E 00 6.670E-01 1.813e-01
6.812E 05 1.000E 00 6.670E-01 1.813e-01
7.840E 05 1.000E 00 5.000E-01 1.813e-01
8.811E 05 1.000E 00 5.000E-01 1.813e-01
9.687E 05 1.000E 00 3.330B-01 1.813E-01
1. 044E 06 1.000E 00 3.3308-01 1.813g-01
LEBGAL,B3,B4= 438.0 -5.34 3.13
REL YIELD INPACTY INPACTP N1
1.000E 00 0.0 0.0 1. 103 06
1.000E 00 0.0 0.0 1.088E 06
1.000E 00 0.0 0.0 1.048E 06
1.000E 00 0.0 0.0 1.04Q8E 06
9.850E-01 1.462E-01 8.861E-02 - 1.048E 06
9.684E-01 3.160e-01 1.970e-01 1.046E 06
9.593E-01 4.066E-01 2.558e-01 1.044E 06
9.567E-01 4.333e-01 2.726E-07 1.038E 06
9.545E-01 4.554E-01 2.8672-01 1.0358 06
9.532E-01 4,6798-01 2.943e-01 1.0348 06
9.505F-01 4. 955e-01 3. 17e-01 1.033e 06
9.477E-01 5.229e-01 3.291e-01 1.033E 06
9.452E-01 5.480E-01 3.452E-01 1.0328 06
9.639e-01 5.612-01 3.537e-01 1.031E 06
9.430E-01 5.700E-01 3.593e-01 1.031E 06
9.424E-01 5.762E-01 3.633E-01 1.030E 06
9.418E-01% 5.824E-01 3.672E-01 1.030E 06
9.411p-01 5.887E-01 3.712g-01 1.0298 06
9.40SE-01 5.946E-01 3.749E-01 1.029E 06
9.401E-01 5.992e-01 3.779e-01 1.0298 06
9.397E-01 6.027e~01 3.801E-01 1.029E 06
9.395e-01 6.051E-01 3.8178-01 1.029E 06
9.393e-01 6.0718-01 3.829e-01 1.028E 06
9.391E-01 6.088E-01 3.840B-01% 1.028e 06
9.390E-01 6.1042-01 3.851e-01 1.028E 06
9.388E-01 6.117E-01 3.859e-01 1.028E 06
9.387e-01 6. 1298-01 3.866R-01 1.028E 06
9.386E-01 6.137e-01 3.872E-01 1.028E 06
9.3868-01 6. 1448-01 3.876E-01 1.028E 06
9.385E-01 6. 139e-01 3.879e-01 1.026E 06
9.385E-01 6.1540E-01- 3.882E-01 1.028E 06
9.384E-01 6.158E-01 3.885E-01 1.028E 06
9.384E-01 6.161E-01 3.887e-01 1.0288 06
9.386E-01 6.164e2-01 3.889e-01 1.028E 06
9.383e-01 6.166B~01 3.890e-01 1.028E8 06
9.383e-01 6.168E-01 3.891E-01 1.028E-06
9.383e-01 6.169E-01.  3.892E-01 1.028E 06
9.383e-01 6.171E-01 3.893B-01 1.028E 06
9.383E-01 6.172B-01 3.894e-01 1.028E 06
9.383F-01 6.172E-01 3.89aE-01 1.028E 06
9.383E-01 6.173E-01 3.895E-01 1.028E 06

9.7008-01

Standard output (cont.).

without age class U compensation) -

RCPUE
1. 000E 00
1. 000E 00
1. 000E 00
1. 000E 00
9.922E-01
9.833e-01
9. 786E-01
9.772E-01
9. 760E-01
9.753e-01
9.738E-01
9.728E-01
9.7108-01
9. 703E-01
9. 699E-01
9.6958-01
9.692E-01
9. 688E-01
9.685E-01
9. 683e-01
9.68 18~01

- 9.680B-01

9.679E~01
9.678E~01
9.677E-01
9. 6768-01
9.675E-01
9. 6758-01
9. 675e~-01
9.676¢E-01
9.674E-01
9.670B-01
9.672E-01
9.674E-01
9.673E-01
9.673E-01
9. 673e-01
9.673E-01
9. 673E-01
9. 673E-01
9.673E-01
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CONMAND IV 12 I3 Is I5 16 17 18 19 110
cp 1 0 o ] 0 0 ] 0 0 0
easasss HNOTE- S*sesse
1 CHANGED PARAMETER(S)~--
PRY 0.0 )
COMMAND 11 12 I3 I4 - 15 16 17 18 19 110
RC (] 15 0 ] 0 0 0 0 0
VITAL STATISTICS - SET t
AGE LENGTH WEIGHT EGGS FENALE PHA
0 0.0 0.0 0.0 0.0
1 1.120E 02 2.615E-02 1.0018 05 5.000E-01
2 2.178E 02 2.097e-01 1.1358 05 5.0008-01
3 3.175E 02 6. 819E-01 1.480E 05 5.000E-01
4 4.110E 02 1.5298 00 2.0998 05 5. 000E-01
S 4.982E 02 2.795E 00 3.023e 05 5.000E-01
6 5.794E 02 4.481E 00 4.254E 05 5.000e~01
7 6.543E 02 6.557E 00 5.770E 05 5.0008-01
8 7.230E 02 8.964E 00 7.529E 05 5.000E-01
92 7.8668 03 1.1622 01 Q9.470% NS S nnne=0t
10 8.420E 02 1.6848E 01 1.153E 06 5.000E-01
11 8.922E 02 1.7312 01 1.362E 06 5.000E-01
12 Y.JIb2B U2 2.U13E vl 1.588E UB 3. 0UUE=U i
13 9.7418 02 2.278E 01 1.762E 06 5.000E-01
14 1.006E 03 2.518E 01 1.9378 06 5.000E-01
15 1.031E 03  2.724E 01 2.087E 06 5.0008-01
WITH THESE PARAMETERS-- ACON,B,C= 0.0 115.10 -3.09
. B1,B2= 0.982E 05 0.730F 05
YEAR T™wTP v YIELD REL TOTP
40. 1.922E 06 0.€034 7.195E 0S 9.6112-01
41, 1.9228 06 0.5034 7.195E 05 9.6108-01
Q2. 1.922E 06 0.5034 7.1958 05 9.610E-01
43, 1.922E 06 0.5034 7.1958 05 9.610E-01
494, 1.9392 06 0.5069 7.303E 05 9.6978-01
45, 1.9612 06 0.5112 7.4328 05 9.8058-01
46. 1.973e 06 < §136 . 7.502E 05 9.8648-01
47. 1.9768 06 0.5142 - 7.522E 05 9.8818-01
Q8. 1.9792 06 0.5148 7.539F 05 9.8958-01
u9. 1.9818 06 0.5151 7.549E 05 9.903e-01
50. 1.984E 06 0.5158 7.571E 05 9.9212-01
51. 1.98UE 06 0.5166 7.594E 05 9.9392-01
52. 1.9912 06 0.5172 7.614E 05 9.956E-01
53. 1.9932 06 0.5176 7.625E 05 9.964E-01
S4. 1.994E 06 0.5178 7.631E 05 9.970B-01
55. 1.9958 06 0.5180 7.636E 05 9.974E-01
56. 1.996E8 06 0.5181 7.641E 05 9.978E-01
57. 1.996E 06 0.5183 7.646E 05 9.982e-01
58. 1.997E 06 0.5184 7.6518 05 9.986E-01
59. 1.9982 06 0.5186 7.6558 05 9.989E-01
60. 1.998E 06 0.5186 7.657E 05 9.991E-01
61, 1.9992 06 0.5187 7.6598 05 9.993e-01
62. " 1.999E 06 0.5188 7.661E 0S5 9.994E-01
63. 1.999E 06 0.5188 7.6622 05 9.995E-01
64. 1.999E 06 0.5188 7.663E 0S5 9.996E-01
65. 1.9992 06 0.5189 7.664E 05 9.997E-01
66, 1.999¢ 0% 0.%189 T.665E 08 9.997%-01
67. 2.000E 06 0.5189 7.666E 05 9.998E-01
68. 2.000E 06 0.5189 7.666E 05 9.998E-01
69. 2.0002 06 0.5189 7.667E 05 9.999g-01
70. 2.0002 06 0.5190 7.6678 05 9.999E-01
7. 2.000e 06 0.5190 7.667E 05 9.999e-01
72. 2.000E 06 0.5190 7.667E 05 9.999e-01
73. 2.000E 06 0.5190 7.668E 05 .9.999E-01
Tu. 2.000E 06 0.5190 7.668E 05 9.999E-01
75. 2.000E 06 0.5190 7.668E 05 1.000E 00
76. 2.000E 06 0.5190 7.668E 05 1.000E 0O
7. 2.000E 06 0.5190 7.668E8 05 1.000E 00
8. 2.000E.06 0.5190 7.668E 05 1.000e 00
79. 2.0008 06 0.5190 7.668E 05 1.0002 00
80. 2.000e 06 0.5190 7.668E 05 1.000E 00
YEAR CLASS PINAL VECTOR
0 6.4S5010E 10
1 1.1028 1€ 06
] 6.03233E 03
3 8.05698E 05
4 3.32156E 05
S 1.89332e 05
6 9.22502e 04
7 4.49081E 04
8 2.38834E 04
9 1.26906E 04
10 7.34993E 03
1" 4.25682E 03
12 2.68862E 03
13 1.69813e 03
16 1.1696Se 03
15 2.58877E 03
COoNBAND I I2 I3 Ia 15 16 17 18 9 110
00T 15 0 ] 0 0 0 0 0 0 0
Fig. 22. Example 2 (set 1:

FSO

1.0008 00
1.000E 00
1,000 00
1.0008 00
1.0008 00
1.000E 00

LEGAL,B3,BS&

REL EPRT
9.7002-01
9.700E-01
9.700E-01
9.700E-01
9.767E-01
9.850E-01
9.8952-01
9.908E-01
9.919E-01
9.925E-01
9.9398-01
9.953E-01
9.966E~01
9.9732-01
9.977E-01

* 9.980EB-01
9.9832-01
9.9862-01
9.989E-01
9.991E-01
9.9938-01
9.993E-01
9.9952-01
9.996E-01
9.997E-01
9.997€-01
9,990E=01
9.9988-01
9.999E-01
9.999E-01
"9.9992-01
9.999E-01
9.9998-01
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00

_1.000E 00
1.000E 00

Standard output (cont.).

BI CATCH
0.0 0.0
0.0 0.0
0.0 0.0
6.297e 03 0.0

3.4778 00 6.977E-01

1.5108 05 1.000E
2.741E 05 1.0008
3.764E 0S 1.000e
a.738% 05 1.000F
5.764E 05 1.0008
6.812E 0S5 1.000E
T7.0640E 0] 1.000C
8.811E 05 1.000E
9.687€ 05 1.000E
1.0648 06 1.000E

= 438.0 -5.3¢ 3.13

00
00
00
00
00
00
00
o0
00
00

REL YIELD I8PACTY
9.383g-01 1.000E
9.383E-01 1. 0008
9.383E-01 1.000E
9.383e-01 1.0008
9.523e-01 1.000E
9.691E-01 1.000E
9.7838-01 1.0008
9.809e-01 1.0008
9.631E-01 1.000E
9.844E-01 1.000E
9.874E-01 1.000E
9.903e-01 1.000E
9.929E-01 1.000E
9.943g-01 1.0008
9.952e-01 1.0008
9.958E-01 1.000F
9.965E-01 1.000E
9.971e-01 1.000E
9.978E-01 1.000E
9.982E-01 1.0008
9.986E-01 1.000E
9.988E-01 1.0008
9.990E-01 1.0008
9.992E-01 1.000E
9.993g-01 1.000E
9.995E-01 1.000E

9,996E-01  1,000E
9199%e-01  1.000%

E

9.997E-01 1.0008
9.9988-01 1.000B
9.998E~01 1.000E
9.998E-01 1.000E
9.999E-01 1.000E
9.999E-01 1.000E
9.999g-01 1.0008

9.999E-01 1.000E .

9.999E-01 1.000E
1.000E 00 1.000B
1.000E 00 1.000E
1.000E 00 1.000E
1.000E 00 1.000E

6.670E-01
1.000E 00
1. 000E 00

RAT

1.000E 00

8.330E-01
8.330e-01
6.670E-01
6.670E-01
5:000D 01
S.000R-01
3.330E-01
3.3302-01

INPACTP

1.000%
1.000F
1.0008
1.0008
1.000E
1.0008
1.000E
1.000E
1.000E
1.000%
1.000E
1.000E
1.000E
1.0008
1.000E
1.000%
1.000%
1.000%
1.0008
1.0008
1.000E
1.000E
1.0008
1.000E
1.000E
1.0008
1.0008
1.000¢
1.0008
1.000E
1.000E
1.000E
1.0008
1.000E
1.000E
1.0008
1.0008
1.000E
1.0008
1.000E
1.000g

50
50
50
S0
50
50
50
S0
S0
50
50
50
50
50
50
50
50

. RORT

2.0038-05
4.512E-01
3.297e-01
1.813E-01
1.813e-01
1.813E-01
1.813e-01
1.813E-01
1.813E701
1.813E-01
1.813e-01
1,010 01
1.813E-01
1.813E-01
1.813e-01

m

1.0288
1.0828
1.082E
“1.082E
1.082E
1.084E
1.086E
1.092E
1.0958
1.0978
1.097E
1.090E
1.098E
1.099E
1. 100E
1.1018
1.101B
1. 1018
1.102e
1.102E
1.102E
1.1028
1.102E
1.1028
1.1028
1.103E
1.1038
t.103¢
1.103E
S 1.103E
JoY.103E
1.103E
1.103e
1.103E
1.103e
1.1038
1.103E
1.103E
1.103E
1.1038
1.103E

without age class 0O compensation) -

RCPOR
9.673e-01
9. 673~01
9. 673E-01
9. 673E-01
9.751E-01
9. 839E-01
9. 886E-01
9.900E-01
9. 912E-01
9.919E-01
9.930E-01
9. 9508-01
9.963E-01
9.970E-01
9.975e-01
9.978E-01
9.982e-01
9. 985E-01
9.988E-01
9.991E-01
9.993e-01
9.994E-01
9.995e-01
9.996E-01
9.997E-01

-9.997e-01

9.998E~-01
Y. 9Y8E-01
9.999e-01
9.999E-01
9. 999E-01
9.999E-01
9.999E-01
9. 999e-01
1. 000E 00
1.000E 00
1. 0002 00
1. 000E 00
1. 0008 00
1. 000E 00
1. 000E 00



CONBAND IV

cp

8

12 I3 I4 I5

0 0 ] 0

Sssss s NOTE~ *ssssss

8 CHANGED PARANETER(S)--

FDIO 1. 7800E~01

FPDAX0  5.3600E-01

ca21 1. 00002-08

cA3l 1.00008-08

cas1 1.0000E-08

GA2 1.0000E-08

GA3 1.00002-08

GAl 1.0000E-08

CONKAND I1 I2 I3 14 IS
REDO ] 0 0 [ 0

COMMAND I1 12 I3 I4 IS
ITR 0 [} [} 0 0

TARGT= 2.000B 06
FDNX0 CHANGES PROM 0.536 TO 0.536 IN STEPS OF 0.0

TOTP =

ANALYPIC PHNSO=

FDIO CHANGES PROM 0.176 TO 0.178 IN STEPS OF 0.0

2.000000E 06

1.33298-05

16

I6

17

17
0

Y-0-Y PARANETERS COMPUTED IR ARALYT

CAN (1)

DAN (2)

DAN(3)

DAN (4)

DAN (5)

DAN (6)

YEAR CLASS

0
1
2
3
4
s
6
7
8
9
10
"
12
13
14
15

0.36762817E
0.10459288E
0.30239761E
0.133332218
0.45504560E
0.32500839E

INITIAL VECTOR

7.11843E 10
9.48833r 05
5.20730E 05
3.49056e 05
2.85783E 05
1.71810E 05
8.98426E 04
4.70899e 08
2.65902E 0¢
1.50186E 04
9.12977E .03
5.5514SE 03
3.63664E 03
2.30228E 03

1.68126E 03

4.03212E 03

03
02
02
02
01
01

18

18
0

19 110
0 0
I3 110
0 0
19 110
0 0

Fig. 23. Example 2 (set 2:

Standard output,

107

with age class 0 compensation) -



COMMAND I 12

cp

1 o

xx0enss NOTE- Seessses

FRY 3.0000E-01
COMMARD I 12
RO 40 0
AGE LENGTH
0 0.0
1 1.120E 02
2 2.178E 02
3 3. 1758 02
4 4.110E 02
5 4,982 02
6 5.794E 02
7 6.543E 02
8 7.230E 02
9 7.856E 02
10 8.420E 02
1 8.922E 02
12 9.362E 02
13 9.741E 02
tu 1.006¢ 03
15 1.031E 03

WITH THESE PARABMETERS-- ACON,B,C=

1 CHANGED PARANETER(S)--

I3 14 Is 16 17 I8 19 110
] 0 0 0 0 0 0 [
I3 I4 I5 16 17 18 19 110
15 10 20 40 80 0 0 10
VITAL STATISTICS - SET 2
WEIGHT EGGS PEMALE PHX
0.0 0.0 0.0
2. 615E-02 1.0018 05 5.000E-01
2.097e-01 1.135p 05 5.000E-01
6.819e-01 1.480E 05 5.000E-01
1.5298 00 2.099E 05 S.000E-01
2.795E 00 3.023E 05 5.000B-01
4, 481E 00 4.254E 05 5.000E-01
6.557e 00 5.770E 05 5.000E-01
8.964E 00 7.529E 05 5.000E-01
1. 162E 01 9.470E 05 5.000E-01
1.444E 01 1.153E 06 $.000E-01
1. 731E 01 1.3628 06 5.000E-01
2.013e 01 1.568E 06 5.000E-01
2.278E 01 1.762E 06 5.000E-01
2.518e 01 1.937E 06 5. COUE-UY
2.728E O 2.0878 06 5.000E-01
0.0 115.10 -3.09

B1,82= 0.982E 05 0.730E 05

FDMXO CHANGES FRON 0.536 TC 0.536 IN STEPS OP 0.0
PDIO CHANGES PROM 0.178 TO 0.178 IN STEPS OP 0.0

YEAR TOTP F
0. 2.000E 06 0.4460
1. 2.000E 06 0.4460
2. 2.000E 06 0.6460
3. 2.000E 06 0.4460
4. 1.959e 06 0.8351
5. 1.910E 06 0.8219
6. 1.884E 06 0.4149
7. 1.878E 06 0.4133
8. 1.8728 06 0.a117
9. 1.872E 06 0.u118
10. 1.8698 06 0.64108
1. 1.868E 06 0.4106
12. 1.866E 06 0.4100
13. 1.8668 06 0.4100
1. 1.865E 06 0.4099
15. 1.8658 06 0.4099
16. 1.865E 06 0. 4099
17. 1.8658 06 0.4099
18. 1.865E 06 0.4099
19. 1.865E 06 0.4099
20. 1.8658 06 0.4099
21. 1.865E 06 0.4099
22. 1.8652 06 0.4099
23. 1.865E 06 0.4099
24, 1.865E 06 0.4099
25. 1.865E 06 0.4099
26. 1.865E 06 0.4099
27. 1.865E 06 0. 4099
28. 1.8658 06 0.4099
29. 1.865E 06 0.4099
30. 1.8658 06 0. 4099
31. 1.8658 06 0.4099
32. 1.8658 06 0.4099
33. 1.865E 06 0. 4099
34, 1.865E 06 0.4099
3s. 1.8658 06 0.4099
36. 1.865E 06 0.4099
37. 1.8652 06 0.4099
38. 1.8658 06 0.4099
39. 1.865E 06 0.4099
40. 1.865E 06 0.1099
YEAR CLASS FINAL VECTOR

4] 6.980028 10

1 8.15574E 03

2 4.475978 0S5

3 3.000338 05

[ 2.45646E 05

S 1.51095E 05

6 8.21059E 04

7 4.46166E 04

8 2.5962€E 04

9 1.51080E 04

10 9.41048E 0]

n 5.86157E 03

12 2.90973F 03

13 2.60783E 03

W 1.86269E 01

15 4.65634E 03

Fig. 24.

YIELD

6.794E
6.79¢E
6.794E
6.79uF
6.5168
6.197e
6.032E
5.992e
S5.956E
5.958E
5.9 35E
5.928E
S5.915E
5.9 15e
5.913E
5.913¢E
5.913E
5.913F
S.913E
5.913E
5.9138
5.913e
5.913F
5.913¢e
S.913e
$.913¢
S5.913E
5.913E
5.913¥
5.913E
5.9138
'5.913E
5.913e
5.913€
5.913E
5.913e
5.913E
5.9138
5.913e
5.913r
5.913E

REL TOTP

1.000E 00
1.000E 00
1.0008 00
1.000E 00
9.796r-01
9.551E-01
9.420E-01
9.389E-01
9.360e-01
9.3598-01
9.344E-01
9.339e-01
9.328E-01
9.328E-01
9.327e-01
9.326E-01
9.3268-01
9.327e-01
9.327e-01
9.327E-01
9.327e-01
9.326E-01
9.326E-01
9.3268~01
9.326E-01
9.326E=01
9.326E-01
9.326E-01
9.326E-01
9.326e-01
9.3268-01
9.3268-01
9.326E-01
9.3268-01
9.326E-01
9.326E-01
9. 326B-01
9.326E-01
9.3262-01
9.326B-01
9.326E~01

Example 2 (set 2:

108

T FSUBI CATCR YULR NAT
0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0
6.000E-02 6.297e 03 0.0 6.670E-01
2.300B-01 3.477E 04 6.977E-01 1.000E 00
7.100E-01 1.510E 05 1.000E 00 1.0008 00
9.500E-01 2.741E 05 1.0008 00 1.000E 00
1.000E 00 3.7648 05 1.000E 00 8.330E-01
1.000E 00 4.735E 05 1.000E 00 8.330E-01
1.000E 00 5.764E 05 1.000E 00 6.670E~01
1.000E 00 6.812E 05 1.000E 00 6.670E-01
1.000E 00 7.840E 05 1.000E 00 5.000E-01
1.000E 00 8.811E 05 1.0008 00 5.000E-01
1. 0008 Q0 9.6878 05 1.0002 00 3.3308-01
1.000€ 00 1.044E 06 1.000E 00 3.3308-01
LBGAL,B},B4= 438.0 -5.34 3.13
REL EPRT REL YIELD INPACTY INPACTP
1.000E 00 1.000E 00 0.0 0.0
1.000B 00 1.000E 00 0.0 0.0
1.0002 00 1.000E 00 0.0 0.0
1.0008 00 1.000% 00 0.0 0.0
9.755E-01 9.590E-01 1.366E-01 6.793e-02
9.460E-01 9.121E-01 2.930B-01 1.498e-01
9.303E-01 8.878E-01 3.740E-01 1.9338-01
9.266R-01 8.819E-01 3.935e-01 2.036E-01
9.231E-01 8.766E-01 4.114e-01 2.133e-01
9.230E-01 8.763e-01 4.122e-01 2.137e-01
9.211E-01 8.735e-01 4.2168-01 2.187e-01
9.205E-01 8.726e-01 4.267e-01 2.2008-01
9.193E-01 8.706E-01 4.3182-01 2.239g-01
9.193E-01 8.706E~01 a.3132-01 2.239E-01
9.191e-01 8.70uE-01 49.322e-01 2.244E-01
9. 190E-01 8.702E-01 4.325e-01 2.246E-01
9.190e-01 8.703e-01 4.324E-01 2.2458-01
9.1918-01 8.703g-01 4.322g-01 2.244ag-01
9.191E-01 8.703E-01 4.3228-01 2.200E-01
9.191E-01 8.703E-01 4.322B-01 2.2448-01
9.191e-01 8.703e-01 4.323e-01 2.245g-01
9.1918-01 8.703e-01 4.324E-01 2.285e-01
9.191E-01 8.703E-01 G.3242-01 2.2458-01
9.191E-01 8.703E-01 4.324E-01 2.245e-01
9.191e-01 8.703p-01 4.324E-01 2.2658-01
9.1918-01 8.703E~01 4.3248-01 2.2045e-01
9.191E-01 8.703E~01 4, 324E-01 2.245e-01
9.191e-01 8.703E-01 4.324E-01 2.245e-01
9.191E-01 8.703E-01 4,324E-01 2.245E~01
9.1918-01 8.703E-01 4.324E-01 2.2458-01
9.191e-01 8.703E-01 4.324E-01 2.2458-01
9.191g-01 8.703E-01 4.324E-01 2.245e-01
9.191E-01 8.703E-01 4.324e-01 2. 24SE-01
9.191E-01 8.703E-01 4.32ue-01 2.2458-01
Y.191E-0Y B.T7049E-01 4.320-01 2,245E-01
9.191e-01 8.703e-01 4.3242-01 2.245e-01
9.191E-01 8.703E-01% 4.324E-01 2.245e-01
9.191E-01 8.703E-01 4.324g-01 2.2458-01
9.191E-01 8.703E-01 4.3247-01 2.245e-01
9.191E-01 8.703E-01 8.324E-01 2.245e-01
9.191£~-01 8.703£-01 4.324E-01 2.243g-01

. MORT

2.003E-05
4.512E-01
3.297E-01
1.813p-01
1.813e-01
t.813g-01
1.813e-01%
1.813E-01
1.813g-01
1.813e-01
1.813e-01
1.813R-01
1.813g-01
1.8132-01
1.813e-01

Ly
9.4888
8.220E
8.225E
8.227e
8.227e
8.2158
8.205E
8.1758
8.159e
B8.152R
8.154E
8. 155e
8.157E
8.157¢e
8.157E
B8.156E
8.156¢8
8.1558
B.1S6E
8.156E
8.156E
B8.156E
8.156E
B8.156E
8.156E
8. 156
8.156E
8. 156E
8. 156¢E
8.156E
8.156¢
B.156E
8.156E
8.156¢
B8.1568
8.156E
8. 1568
8.156E
8.156¢
8. 1568
8.1568

with age class 0 compensation) -
Standard output (cont.).

RCPUB
1. 000E 00
1. 000E 00
1. 0008 00
1. 000E 00
9.8312-01
9. 642E-01
9. 543e-01
9.518E-01
9.496E-01
9. 495R~01
9.883E-01
9.479E-01
9.0871B-01
9.871B-01
9.470E-01
9.469E-01
9. 969E-01
9.4870E-01
9.4702-01

© 9, 670E-01

9.0869E-01
9.469E-01
9. 469E-01
9.469E-01
9.369E-01
9. 469E-01
9.469€E-01
9. 4698-01
9. 869E-01
9.469E-01
9. 469E-01
9. 469E-01
9.869E-01
9.469E-01
9.469B8-01
9.869E-01
9. U69E-01
9.869E-01
9.3692-01
9. 869E-01
9.469E-01



12

CONNARD I1 12 I3 pL IS 16 17 18 19 I10
cp 1 0 o 0 0 0 0 0 0 0
seesess NOTE- S*esksn
1 CHANGED PARAMETER(S) -~
PRY 0.0
COMMAND I1 12 13 14 15 16 17 18 I9 110
RC 40 0 15 0 0 0 o o 0
VITAL STATISTICS - SET 2
AGE LENGTH WEIGHT EGGS FESALE PHA
0 0.0 0.0 0.0 0.0
1 1. 120 02 2.615g-02 1.001E 05 5.000E-01
2’ 2.178E 02 2.097e-01 1. 135E 05 5.000E-01
3 3.175e 02 6.819e-01 1.480E 05 5.0008-01
4 4.110E 02 1.529e 00 2.099E 05 5.000E-01
S 4.982E 02 2. 795 00 3.023e 05 5.000E-01
6 5. 794 02 4.481g .00 4.254E 05 5.000E-01
7 6.5438 02 6.5578 00 S.770E 05 5. 000E-01
8 7.230e 02 8.964e 00 7.529E 05 5.000E-01
9 7.8568 02 1.162E 01 9.470E 05 5.000E-01
10 8.420E 02 1. G448 0 1. 153R 0R 5.0008-01
" 8.922E 02 1.731E 01 1.362E 06 5.000E-01
12 9.3628 02 2.013e 01 1.568E 06 5.000E-01
13 9.701E 02 2.278E 01 1.762E 06 5.000E-01
1 1.006E 03 2.518e 01 1.937E 06 5.000E-01
15 1.0312 03 2.724E 01 2.087E 06 5.000E-01%
WITH THESE PARANETERS-- ACON,B,C= 0.0 115.10 -3.09

B1,B2= 0.S82E 05 0.730E 05

YEAR TOTP P
40. 1.865E 06 0. 4099
41, 1.865E 06 0.4609%9
42, 1.8658 06 0.4099
43. 1.865E 06 0.46099
44, 1.906E 06 0. 4208
4s. 1.956E 06 0.4343
46. 1.983E 06 0.8410
u7. 1.988E 06 0.0428
u8. 1.993E 06 0.4u83
49, 1.996E 06 0.4443
50. 1.9978 06 0.4451
St. 1.998E 06 0. 44509
52. 2.000E 06 0. 4460
53. 2.000E 06 0.4460
54, 2.000E 06 0. 4460
55. 2.000E 06 0.4460
56. 2.000E 06 0.0460
57. 2.000E 06 0.4460
S8. 2.000E 06 0.08060
59. 2.000E 06 0.8460
60. 2.000E 06 0.8460
61. 2.000r 06 0.uu60
62. 2.000E 06 0.4860
63. 2.000E 06 0.4460
64. 2,000 06 0.4u60
65. 2.000B 06 0.4460
66. 2.000E 06 0.4860
67. 2.000E 06 0.486860
68. 2.0008 06 0.0u60
69. 2.000E 06 0.4460
70. 2.000E 06 0.4460
n. 2.000B 06 0. 4460
72, 2.000E 06 0.4460
3. 2.000E 06K 0.48660
T4. 2.000E 06 0.4460
5. 2.000E 06 0.44860
76. 2.000E 06 0.4460
77. 2.000E 06 0. 4460
78. 2.000e 06 0.8660
79. 2.000B 06 0.4460
80. 2.0008 06 0.6460
YEAR CLASS FINAL VECTOR

[} 7.11845E 10

1 9.48836E 05

2 5.20732E 05

3 3.49057B 0S5

T4 2.85784E 05

S 1.71411E 05

6 8.98428E 04

7 4.70900E 04

8 2.65902E 04

9 1.50146E 08

10 9.12978E 03

" 5.55145e 03

12 3.63663E 03

13 2.38228e 03

AL} 1.68125E 03

15 8.03211E 03

Fig. 25.

YIE
5.9138
5.913r
5.913e
5.913E
6.1792
6.5078
6.6798
6.716E
6.751E
6.751E
6.772E
6.780E
6.794E
6.794E
6.795E
6.795E
6.795E
6.790E
6.794E
6.794E
6.794e
6.794E
6.79uE
6.794E
6.79E
6.794E
6.79uE
6.79u¢
6. 794E
6.7988
6.79UE
6.7942
6.794E
6.794E
6.794E
6.794E

6.T9UE (

6.794e
6.79GE
6.794E
6.794E

LD

BREL TOTP

9.326E-01
9.326E-01
9.326E-01
9.326e-01
9.529E-01
9.7818-01
9.914E-01
9.9481E-01
9.967E-01
9.968E-01
9.983e-01
9.9898e-01
1. 000E 00
1.000E 00
1.0008 00
1. 0008 00
1.000E 00
1.0008 00
1.000e 00
1.000E 00
1.000E 00
1.000E 00
1.0008 00
1.0002 00
1.000E 00
1. 0008 00
1.000e 00
1.000E 00
1.0008 00
1.0008 00
1.000E 00
1.000E 00
1.000E 00
1.0008 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.0008 00
1.000E 00
1.000E 00

Example 2 (set 2:
Standard output (cont.).
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PSO

9.500E-01
1.0008 00
1.000E 00
1.000E 00
1.0008 00
1.000E 00
1.000E 00
1.000E 00
1.000e 00

BI CATCH
0.0 0.0
0.0 0.0
0.0 0.0
6.297E 03 0.0
3.477e 04 6.9

1.5108 05 1.0
2.741E 05 1.0
3.768E 0S5 1.0

4.735e 0S5 1.000E 00
5. T64E 05 1.000E 00
6.812E 0S5 1.000E 00

7.840E 05 1.0

8.811E 05 1.000e 00

9.687E 05 1.0

00E 00

1.044E 06 1.000E 00

LEGAL,B3,B4= 838.0 -5.34 3.13

REL BFRT
9.191€-01
9.1918-01
9.1918-01
9.1912-01
9.433E-01
9.7378-01
9.896E-01
9.9298-01
9.961E-01
9.961E-01
9.980E-01
9.9878-01
1.000E 00
1.000E 00
1.0008 00
1.000E 00
1.0008 00
1.0008 00
1.000E 00
1.000E 00
1.000E 00
1.000B 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
> 1.000E 00

1.0008 00

1.000E 00

1.0008 00

1.0008 00

1.000E 00

1.000E 00

1.000E 00

1.000E 00

1.000E 00

1.000E 00

1.000E 00

-

DA

REL YIELD
8.703E-01
8.703g-01
8.703e-01
8.703E-01
9.095E-01
9.577E-01
9.831E-01
9.885E-01
9.936E-01
9.937e-01
9.967E-01
9.980e-01
1.000E 00
9.999E-01
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000F 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000E 00
1.000F 00

meac
1.000E
1.0002
1.000E
1.000E
1.000E
1.000E
1.0008
1.000E
1.0008
1.0008
1.000E
1.000E
1.000E
1.000%
1.0008
1.0008
1.0008
1.0008
1.0008
1.0008
1.000E
1.000E
1.000E
1.000E
1.000E
1.000E
1.000E
1.0008
1.000E
1.0008
1.000E
1,000
1.000%
1,000
1.000E
1.000E
1.000E
1.000€
1.000E
1.000E
1.000E

VOLN BAT.
0.0
0.0
0.0
6.670E-01
1.000E 00
1.0002 00
1.000E 00
8.3308-01
8.330e-01
6.670E-01
6.670E-01
5.000E-01
5.000B-01
3.330e-01
3.330E-01
TY INPACTP
50 1.0008 S50
50 1.000E 50
50 1.000g S50
50 1.000E S50
50 1.0008 SO
50 1.0008 SO
50 1.000E 50
S0 1.000E 50
50 1.000E 50
50 1.000E 50
50 1.000E S0
50 1.000E S0
50 1.0008 S0
50 1.000E 50
S0 1.0008 S0
50 1.000E 50
50 1.000E SO
50 1.000E SO
50 1.000E 50
50 1.000E SO
50 1.0008 50
50 1.0008 50
50 1.0008 S0
50 1.000B 50
50 1.000E 50
50 1.000E S0
50 1.000E 50
50 1.000E S0
50 1.0008 S0
50 1.0008 S0
50 1.000E SO
50 1.000E 50
50 1.0008 50
50 1.0008 SO
50 1.000E 50
S0 1.000E SO
50 1.0008 S0
50 1.000E 50
50 1.000E 50
S50 1.000E SO
50 1.000E 50

« HORT

2.003B-05
4.512e-01%
3.297e-01
1.813g-01
1.813e-01
1.813e-01
1.813e-01
1.813e-01
1.813e-01
1.813E-01
1.813E-01
1.8138-01
1.813e-01
1.813e-01
1.813g-01

N1
8.156E
9.4168
9.4 10E
9.408E
9.Q08E
9.022E
9.435E
9.470F
9.588E
9.4958
9.492E
9.490E
9.488E
9.488E
9.088E
9.488¢
9.889E
9.4892
9.4898
9.4888
9.488E
9.488E
9.488E
9.488E
9.388E
9.4888
9.488E
9.488E
9.388E
9.488E
9.488E
9.488E
9.G88E
9.688E
9.4888
9.488E
9.488E
9.488E
9.688E
9.688E
9.488E

with age class 0 compensation) -

RCPUE
9.469E-01
9.869E-01
9. 469B-01
9.869E-01
9. 64 12-01
9.836e-01
9.936e-01
9. 956E-01
9.975e-01
9.975e-01
9. 987E-01
9.992E-01
1. 0008 00
1. 000B 00
1. 000E 00
1. 000E 00
1.000E 00
1. 000E 00
1. 000E 00
1.000E 00
1. 000E 00
1. 000E 0O
1.000E 00
1. 000E 00
1. 000F 0N
1. 000E 00
1. 000E 00
1. 000E 00
1.000E 00
1. 000E 00
1. 0008 00
1. 000 00
1. 000E 00
1. 000E 00
1. 0008 00
1. 000E 00
1. 000E 00
1. 000E 00
1. 000E 00
1. 000E 00
1. 000E 00



CONBAND
cP

n 12
1 0

13 14 I5
0 0 0

S98088e JOTE- Sssesss

1 CEANGED PARAMETER(S)-—-

PRY

CONMAND
RO

»
(2]
]

- bt b
MWDV OOANAVNETWN O

¥ITH THESE PARAMBTERS-- ACOR,B,C=

37.
38.
39.
q0.

YEAR CLA

OVOLAPNEWN D

1.0000E-01

I I2
a0 0

LENGTH

0.0

1.120E 02
2.178E 02
3.175e 02
4. 110 02
4.9828 02
S.796E 02
6. 5432 02
7.230E 02
7.856E 02
8.4208 02
8.922e 02
$.363k 03
9.741e 02
1.0062 03
1.0312 03

I3 19 I5
15 10 20

16 17

0 0
16 17
80 80

I9 110
0 0

19 110
0 10

VITAL STATISTICS - SET 2

WEIGHT EGGS

0.0 0.0

2.615-02  1.001E 05
2.097B-01  1.135E 05
6.819E-01  1.480E 05
1.5298 00  2.099E 05
2.79SE 00  3.023E 05
4.481E 00 4.2542 0S
6.557E 00 5.770E 05
8.966E 00  7.529E 05
1.162E 01 9.470E 05
i. 444z o0t 1.153E 06
1.731E 01  1.362E 06
2.0138 01 1.668B 06
2.278B 01  1.762E 06
2.518E 01 1.937E 06
2.728E 01  2.087E 06

0.0

PEN

115

ALE PAN
0.0
5.000E-01
S$.000E-01
5.000E-01
5.000E-01
5.000E-01
S5.000E-01 -
5.000E-01
5.000E-01
9. 0008-01
5.000E-01
5.000E-01
5.0008 01
3.000E-01
5.000E-01
5.000E-01

.10 -3.09

B1,b2= 0.982E 05 0.7308 05

PDNX0 CRANGES PROM 0.536 TO 0.536 IN STEPS OF 0.0
PDI0 CHANGES PRGN 0.178 TO 0.178 IN STEPS OF 0.0

TOTP ?
2.000E 06 0.48660
2.0008 06 0.4460
2.000E 06 0.4460
2.000E 06 0.094860
1.987e 06 0.4024
1.971E 06 0. 4381
1.962E 06 0.4359
1.961E 06 0.4354
1.9598 06 0.4350
1.959E 06 0.8350
1.9582 06 0.4347
1.958E 06 0.4346
1.957E 06 0.8345
1.9578 06 0.43¢5
1.957e 06 0.4345
1.9578 06 0.4385
1.957E 06 0.43a5
1.957e 06 0.8345
1.9578 06 0.4345
1.957E 06 0.4345
1.9572 06 0.43u5
1.957e 06 0. 4345
‘1.957E 06 0.4345
1.957e 06 0.4305
1.9578 06 0.8345
1.957¢ 06 0.4345
1.9578 06 0.493a5
1.9578 06 0.4345
1.957e 06 0.4385
1.957e 06 0. 4345
1.9572 06 0.4385
1.957e 06 0.4345
1.9578 06 0.4345
1.957¢ 06 0.0345
1.957e 06 0.0385
1.9578 06 0.4345
1.9578 06 0.43a5
1.957E 06 0.48345
1.957E 06 0.4345
1.957e 06 0.83485
1.957E 06 0.4345

SS PINAL VECTOR
7.07702F 10
9.050292 05
4.96690E 0S5
3.32941E 05
2.72589e 05
1.64818E 0S
8.73891E 04
4.63352E 04
2.601652 04
1.50605E 06
9.22841E 03
5.654752 03
3.72573e 03
2.454768 03
1.73907e 03
4.22580E 03

YTELD

6.794E
6.79E
6.79ag
6.794e
6.702E
6.596E
6.542¢e
6.531E
6.5208R
6.520e
6.514E
6.512E

6.507E

6.508E
6.5078
6.507e
6.507e
6.508E
6.508E
6.508E
6.5S08E
6.508F
6.508E
6.508E
6.508E
6.508e
6.508E
6.508E
6.508E
6.508e
6.5088
6.508E
6.508E
6.508E
6.508E
6.508E
6.508E
6.5088
6.508E
6.508E
6.508E

REL TOTP

1.000E 00
1.0008 00
1.000E 00
1.000E 00
9.933e-01
9.8538-01
9.8118-01
9.803E-01
9. 794E-01
9.798E-01
9. 790E-01
9.788E-01
9.7858-01
9.785E-01
9.785E-01
9.785E-01
9.785e-01
9.785E-01
9.785e-01
9.785e-01
9.7858-01
9.785e-01
9.7858-01
9.785E-01
9.785E-01
9. 785E-01
9.7858-01
9.785e~01
9.785e-01
9.785E-01
9.785e-01%
9.785e-01
9.7858-01
9.785B-01
9.785E-01
9.785E-01
9.785e-01
9.785E-01
9. 785E-01
9.7858-01
9.7858-01

110

¥SO

000E-02
2.300B-01
7.1008-01
9.500E-01
1.0008 00
1.000E 00
1.000E 00
1.000E 00
1. 000E 00
1.000F 00
1.000e 00
1.000E 00

BI CAT!

0.0

0.0

0.0

6.297E 03
3.377E 04
1.510E 05
2.741E 05
3.764E 05
4.735% 0
5.764E 05
6.812E 05
7.0402 03
AR.A11F NS
9.687E 05
1.044E 06

CH VoL

6.977e-01
1.000E 00
1.000E 00
1.000E 00
1.0008 N0
1.000E 00
1.000E 00
1.000E 00
1.00n0p 0N
1.000E 00
1.000R 00

LEGAL,B3,B8= 438.0 -5.34 3.13

REL EFRT
1.0008 00
1.000e 00
1.000E 00
1.000E 00
9.919E-01
9.823e-01
9.773e-01
9.763E-01
9.753e-01
9.753e~01
9.7478-01
9.745e-01
9.741E-01
9.7428-01
9.761E-01
9.7812-01
9.741E-01
9.741E-01
9.741E-01
9.7491E-01
9.741E~01
9.741E-01
9.741E-01
9.741E-01
9.741E-01
9.741E-01
+ 9.741E-01
9.731E-01
9.741E-01
9.7418-01
9.7412-01
9.731E-01
9.741E-01
9.741E-01
9.761E-01
9.7412-01
9.7412-01
9. 741E-01
9.741E-01
9.741B-01
9.741E-01

REL YIBLD
1.000E 00
1.000E 00
1.000E 00
1.0008 00
9.864E-01
9.708E-01
9.629E-01
9.6 13E-01
9.597e-01
9.597e-01
9.587e-01
9.584E-01
9.578E-01

9.578E~01 -

9.578E-01

9.578E-01

9.578E-01
9.578E-01
9.570E-01
9.578E-01
9.578E-01
9.578E-01
9.578e-01
9.578e-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.578E-01
9.570E-01
9.578E-01
9.578e-01
9.576E-01

TACTY

1. 357e-01
2.919e-01
3.7062-01
3.871e-01
4.033-01
8,0342-01
4.126B-01
9,159-01
4.2212-01
3.217E-01
4.2232-01
§.223e-01
4.221e-01
4.218E-01
§.218E-01
4.218E-01
4.218e-01
4.218E-01
4.218E-01
4.218e~01
4.217E-01
§.217e-01
8.217e-01
89.217-01
4.218E-01
4.218e-01
4.217g-01
4.218e-01
4.217e-01
4.217e=-01
4.218e-01
4.217-01
4.2178-01
6.2182~01
9.218E-01
4.217e-01
8.217e-01

N NAT

0.0

00

0.0

6.6702-01
1.000E 00
1.0008 00
1.000E 00
8.330E-01
A IINReN
6.670E-01
6.670E-01
3.000E=01
3.3302-01
3.330E-01

PACTP

I

D000

n
0
0
0
a

6.709e-02
1.474g-01
1.886E-01
1.971e-01
2.0568-01
2,0562~01
2.104E-01
2.1208-01
2.152E-01
2.151-01
2.154g-01
2.154g-01
2.153e-01
2.152e-01%
2.151E-01
2.151e-01
2. 152e-01
2.152E-01
2.1528-01
2.151e-01%
2. 151e-01
2.151e-01
2.151e-01
2.151E-01
2.151e-01
2.1512-01
2.151e-01
2.1512-01
2.151B-01
2:151E-01
2.151E-01
2. 151e-01
2.151e-01
2.151E-01
2.1512-01
2.151E-01
2.151e-01

. HORT

2.003e-05
4.5128-01
3.2978-01
1.813E-01
1.813e-01
1.813E-01
1.813E-01
1.813E-0%
1.8138=-01
1.813e-01
1.813E-01
1.8138-U1
1.0138-01
1.8138-01
1.813e-01

H
9.488E
9.07E
9.073E
9.073E
$.073E
9.069E
9.065E
9.055E
9.050E
9.048ge
9.049E
9.050e
9.0508
9.050E
9.051e
9.0508
9.050E
9.0S0E
9.050B
9.050E
9.050EB
9.0508
9.050e
9.050p
9.050F
9.050E
9.0508
9.0S0B
9.050R -
9.050E
9.0508B
9.050E
9.050E
9.0508
9.050E
9.050E
9.050B
9.0508
9.050E
9.0S50R
9.0508

Fig. 26. Example 2 (set 2: with age class O compensation) -
Standard output (cont.).

05
05

RCPOR
1. 0008 00
1. 000 00
1. 000E 00
1.000E 00
9.964E-01
9. 883e-01
9. 853E-01
9.806E-01
9. 840E-01
9.8408-01
9.836E-01
9. 835e-01
9.832E-01
9.832E-01
9. 832B-01
9.832R-01
9.832p-01
9. 832E-01
9.832E-01
9. 832E-01
9. 832E-01
9.832E-01
9.832e-01
9.832g-01
9.932E-01
9. 832E-01
9. 832E-01
9. 832E-01
9. 832B-01
9.832E-01
9. 832E-01
9. 832B-01
9.832E-01
9. 832B-01
9.832E-01
9.832E-01
9. 832e-01
9.832E-01
9.832E-01
9. 932e-01
9.832E-01



COMMAND I 12 13 14 I5
0

(43

1

0 0 0

seesax NOTE- 4seeses

1 CHANCED PARAMETER(S)--

PRY

COMNAND I1 12 13 14 15

RC

40 0

AGE LENGTH

VONONEWN=O

¥ITH THESE PARAMETERS—— ACON,B,C=

YEAR
80.
e,
82,
u3.
[ L%
4s.
46.
47,
48,
u9.
50.
s1.
52.
53.
sS4,
55.
56.
7.
58.
59,
60,
61.
62.
63.
6a.
65.
66.
67.
68.
69.
70.
7.
72.
73.
7.
75.
6.
7.
78.
79.
80.

0.0

1.1208 02
2.178E 02
3.175e 02
4. 1108 02
4.982E 02
S.794E 02
6.583E 02
7.230E 02
7.856E 02
8.4208 02
8.922e 02
9.362E 02
9.741E 02
1.006E 03
1.031E 03

YEAR CLASS PINA

VRALPNEWN a O

CONBAND I1 12

ouT

15 0 0

16 17
0 0
16 17
0 [

9 110
0 0
19 1%0
0 0

VITAL STATISTICS - SET 2

WEIGHT BGGS

0.0 0.0

2.615E-02 1.001E 05
2.097e-01 1.135e 05
6.819E-01 1.480E 05
1.529e 00 2.099E 05
2.795e 00 3.023e 05
0.481E 00 4.254E 05
6.557 00 . 5.770B 05
8.968E 00 7.529E 05
1.162E 0% 9.470E 05
1.444E 01 1.153E 06
1.731 01 1.362E 06
2.013E 01 1.568E8 06
2.2788 01 1.762E 06
2.518E 01 1.937E 06
2.724E 01 2.087E 06

0.0

PEN.

115

B1,B2= 0.982E 05 0.730E 05

TOTP 4
1.9578 06 0. 48305
1.9572 06 0.4305
1.957E 06 0.4305
1.9578 06 0. 4345
1.970E 06 0.46381
1.987E 06 0. 4420
1.995B 06 0. 4446
1.9968 06 0. 6451
1.998E 06 0.4455
1.9988 06 0. 44Ss
1.999E 06 0. 4457
1.999€ 06 - 0.4458
2.0002 06 0.4460
2.000E 06 0.46460
2.000E 06 0.4460
2.000E 06 0.4460
2.000E 06 0.6460
2.000E 06 0.4460
2.0008 06 0.4460
2.000E 06 0.4460
2.000E 06 0.08460
2.000E 06 0. 8860
2.000E 06 0.8460
2.0008 06 0.0860
2.000E 06 0.4460
2.000B 06 0.4qu80
2.000E 06 0.48060
2.000E 06 0.4460
2.0008 06 0.09460
2.000E 06 0.4460
2.000E 06 0.4460
2.000E 06 0.8460
2.000E 06 0.8460
2.0008 06 0.4460
2.000E 06 0.4860
2.000E 06 0.4460
2.000E 06 0.6360
2.000E 06 0.8460
2.000E 06 0.0460
2.000e 06 0.04860
2.000E 06 0.4660

L VECTOR
7. 118452 10
9.48836E 05
5.20732E 0S5
3.49057E 05
2.85784E 05
1.71811E 05
8.98428E 04
4.70900E 04
2.65902E 04
1.50146E 04
9.12977E 03
5.55140E 03
3.63663E 03
2.3822¢E 03
1.68125E 03
4.03211 03
13 16 15
15 0 0 0 0
Fig. 27.

YIE
6.508F
6.508E
6.508E
6.508E
6.599E
6.706E
6.7T60E
6.7TNE
6.7818
6.782E
6.788E
6.79%E
6.795E
6.794E
6.795E
6.795E
6.794E
6.794E
6.79ue
6. TIUE
6.794E
6.794E
6.794E
6.794E
6.794E
6.794¢g
6.794E
6.794e
6.794E
6.793¢8
6.7948
6.794E
6.794E
6.794E
6.79E
6. 794E
6.794E
6.793E
6.794E
6.7TRE
6.794E

LD

111

ALE PHAT FSUBI CATCH VoL
0.0 0.0
5.0008-01 0.0 0.0’ 0.0
5.0008-01 0.0 0.0 0.0
5.000E-01 0.0 0.0 0.0
5.0008-01 6.000E-02 6.297E 03 0.0
5.000E-01 2.300E-01 3.477E 04 6.977E-01
5.000g-01 7.100E-01 1.510E 05 1.000E 00
5.0008-01 9.500E-01 2.741E 05 1.000E 00
5.000E-01 1.000e 00 3.768E 0S 1.0008 00
5.000E-01 1.000E 00 4.735e 05 1.000E 00
5.000E-01 1.000E 00 5.764E 0S5 1.000g 00
5.000E-01 1.000E 00 6.812E 05 1.000E 00
5. 000E-01 1.000E 00 7.840E 05 1.000E 00
5.000E-01 1.000E 00 8.811E 05 1.000E 00
5.000E-01 1.000E 00 9.687E 05 1.0008 00
5.000E-01 1.000E 00 1.044E 06 1.0008 00
.10 -3.09 LBEGAL,B3,B4= 838.0 -5.34 3.13
REL TOTP REL BPRT REL YIELD INPACTY
9.785e-01 9.741B-01 9.578E-01- 1.000E 50
9.7858-01 9.7018-01 9.578E-01 1.0008 50
9. 785e~01 9.7418-01 9.578E-01 1.000E 50
9.785E-01 9.741E-01 9.578E-01 1.000E S50
9.8528-01 9.822E-01" 9.7128-01 1.000E 50
9.933e-01 9.919E-01% 9.870E-01 1.0008 S50
9.97uE-01 9.969E-01 9.950E-01 1.000E 50
9.9828-01 9.979e-01 9.966E-01 1.0008 50
9.991e-01 9.989E-01 9.981E-01 1.0008 50
9.991E-01 9.989E-01 9.981E-01 1.000E S0
9.995e-01 9.993E-01 9.991e-01 1.0008 50
9.9972-01 9.997E-01 9.994E-01 1.000e S0
1.000E 00 1.000E 00 1.000E 00 1.0008 SO
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.000E SO
1.000E 00- 1.000E 00 1.000E 00 1.0008 50
1.000E 00 1.000E 00 1.0008 00 1.000E S50
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.0008 50
1.000E 00 1.0008 0O 1.000E 00 1.000E SO
1.000E 00 1.000E 00 1.000E 00 1.0008 50
1.000E 00 1.000e 00 1.000E 00 1.0008 SO
1.000E 00 1.000Ee 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.0002 S0
1. 0002 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.0008 00 1.000E 00 1.000E 00 1.000E S0
1.0002 00 1.000E 00 1.0008 00 1.0008 S0
1.000E 00 1.0008 00 1.000E 00 1.000E 50
1.000E 00 1.0008° 00 1.000E 00 1.000E 50
1.0068 00 1.000E 00O 1.000e 00 1.000E 50
1.000E 00 1.0008 00 1.000E 00 1.0008 SO
1.000E 00 1.000E 00 1.000E 00 1.0008 S0
1.000E 00 1.000E 00 1.0008 00 1.0008 50
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.0008 50
1.0002 00 1.000E 00 1.000E 00 1.000E 50
1.0008 00 1.000E 00 1.000E 00 1.0008 S0
1.000E 00 1.000E 00 1.000E 00 1.000E 50
1.000E 00 1.000E 00 1.000E 00 1.000E 50
I9 110
0 0

Example 2 (set 2:

670e-01
1.000E 00
1.000E 00
1.0002 00
8.3302-01
8.330E-01
6.670B-01
6.670E-01
5.0008-01
5.000E-01
3.330E-01
3.330e-01

NAT

INPACTP

1.000E
1.0008
1.000E
1.000E
1.000E
1.000E
1.0008
1.000E
1.0008
1.000E
1.0008
1.0008
1.000%
1.000E
1.000E
1.000E
10002
10008
1.000E
1.0008
1.000E
1.0008
1.0008
1.0008
1.000E
1.000¢2
1.0008
1.000E
1.0008
1.000E
1.0008
1.0008
1.000%
1,000
1.0008
1.000%
1.000E
10008
1.0008
1.0008
1.000E

50
50
50
S0
50
50

. BORT

2.003E-05
4.5128-01
3.297e-01
1.813e-01
1.813e-0
1.813e-01
1.813E-01
1.813e-01
1.813e-01
1.8138-01
1.813E-01
1.813e-01
1.813g-01
1.813e-01
1.813e-01

LA

9.050E
9.367E
9.465E
9.465E
9.464E
9.4869E
9.473E
9.4 84E
9.489E
9.891E
9.4908
9.489E
9.486E
9.488E
9.488E
9.488E
9.489E
9.489E
9.488E
9.488E
9.488E
9.488E
9.488E
9.488E
9.088E
9.488¢
9.888E
9.4888
9.488E
9.888E
9.488E
9.888E
9.488E
9.480E
9.488E
9.488E
9.488E
9.388E
9.488E
9.488E
9.488E

with age class O compensation) -
Standard output (cont.).

RCPUE
9. 832p-01
9.832e-01
9. 832E-01
9. 832E-01
9.888e-01
9. 9508-01

9. 980E-
9.987E~

01
01

9.993e-01
9.9938-01
9.997E-01
9. 998E-01

1. 0008
1. 000E
1. 0008
1.000E
1. 000E
1. 000
1.000E
1. 000E
1. 000E
1. 000E
1. 000E
1. 0008
1. 0008
1. 0008
1.000E
1. 000B
1. 000E
1.000E
1. 000E
1. 000B
1. 0008
1. 000
1. 000E
1.0002
1. 000E
1.0008
1. 0008
1. 000B
1. 000

00
00
00
00

00
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SET 1.0
FRACTIONAL CHANGE IN SURVIVAL PROBABILITY POR AGE CLASS 0, FRY

0.0 0.30 0.10
YEAR
oUTPT 1... 10 2.000E 06 1.8098 06 1.938E 06
Te.. 20 2,000 06 1.766E 06 1.924E 06
1... 40 2.000E 06 1.758E 06 1.922E 06
1... 80 2.000E 06 2.0002 06 2.000E 06

00TPT 2... 10 7.668E 05 6.530E 05 7.2888 05
2... 20 7.668B 05 6.201E 05 7.206E 05
2... 40 -7.668F 05 6.238E 05 7.1958 05
2... 80 7.668E 0S 7.6682 05 7.668E 05

ouTPT 3... 10 5.190E-01 4.809E-01 5.065e-01
3....20 S.190E-01 4.721e-01 5. 038E-01

. 40 5.190E-01 6.707e-01 5.034E-01
3... 80 5.190E-01 S5.190E-01 5. 190E-01

OUTPT 6.450E 10 6.158E 10 6.358E 10
6.450E 10 6.069E 10 6.333E 10
6.4508 10 6.051E 10 6.329E 10
6.450E 10 6.450E 10 6.450E 10
GUTIPT S... 10 1.103E 06 8.965E 05 1.033e 06
S... 20 1.103E 06 8.8258 05" 1.029E 06
S... 40 1. 103 06 B8.79%E 05 1.028E 06
S... 80 1.103E 06 1.103E 06 1.103e 06
o0TPT 6... 10 2.589E 03 2.769E 03 2.647E 03
6... 20 2.589E 03 3.0u3E 03 2.733e 03
6... 40 2.589E 03 3.057e 03 2.738E 03
6... 80 2.589e 03 2.589E 03 2.589E 03
O0TPT 7... 10O 1.710E-05 1.453e-05 1.624E-05 ,
T... 20 1.710E-05 1.453B-05 1. 624805
Tea. 80 1.710B-CS 1.710E-05 1.710E-05
7... 80 1.710E-05 1.7108-05 1.7108-05
OUTPT 8... 10 5.700E-01 5.854E-01 5.750E-01
8... 20 5.7008-01 5.88%E-01 5.7618-01
8... 60 S5.7008-01 5.896E-01 5.762E-01
8... 80 5.700E-01 5. 700E-01 5.7008-01
O0TPT 9... 10 6.146E-01 6.634E-01 6.298E-01

‘9... 20 6. 146 E-01 6.756E-01 6.332E-01
a... 40 6. 146E-01 6.778E-01 6.3372-01
9... 80 6.146 E-01 6. 147E-01 6. 147E-01

0UTPT 10... 10 3.854E-01 3.366E-01 3.702E-01
10... 20 3.854E-C1 3.244E-01 3.668E-01
10... 40 3.854e-C1 3.222E-01 3.663E-01
10... 80 3.858e-01 3.853e-01 3.853e-01

ouTPT 1... 10 1.711E-01 1.706E-01 1.709e-01
11... 20 1.711E-01 1.706E-01 1.709e-01
t1... 640 t.711e-01 1.711e-01 1.711e-01
11... 80 1.711E-01 1.71te-01 1.711e-01

OUTPT 12... 10 1.000B-01 9.729E-02 9.910e-02
. 20 1.000E-01 9.729e-02 9.910e-02
12... 40 1.000E~01 1.000E-01 1.000E-01
. 80 1.000E-01 1.000E-01 1.000E-01
OUTPT 13... 10 1.0008-01 . 9.381E-02 9.7988-02
. 20 1.000e-01 9.381E-02 9. 798E-02
13... 40 1.000E-01 1.000E-01 1.000E-01
- 80 1.000E-01 1.000E~-01 1.000B-01

. 10 2.1548-C1 2.083e-01 2. 132e-01
. 20 2.154e-C1 2.083E-01 2.132e-01
14... 40 2.154e-C1 2.158E-01 2.154E-01
. 80 2.154E-C1 2.154E- 0t 2:1560E-01

OUTPT 16..

COTPT 15... 10 2.154E-01 2.117e-01 2.143g-01
.20 2. 154 E-CY 2.117E-01 2. 143E-01
15... 40 2.154e-C1 2.154E-01 2.15048-01

15... 80 2.1542-01 2. 15ae-01 2. 154e-01

QUTPT 16... 10 2.1564E-01 2.117e-01 2.143e-01
16... 20 2.154e-C1 2.117e-01 2.143e-01
16... 40 2. 136E-01 2.154E-01 2. 150E-01
16... 80 2.158E-C1 2.158E-01 2.150E-01

REL ... 10 1.000E 00 9.046E-01 9.688E-01

1... 20 1.0002 00 8.829B-01 9.620E-01
... 40  1.000E 00 8.791E-01 9.611B-01
1... 80 1.000E 00  9.999E-01 1.000e 00

REL 2... 10 1.000E 00 8.516E-01 9.505e-01
2... 20 1.0008 00 8.130E-01 9.397e-01
2... 40 1.000E 00 8.135eE-01 9.383e-01
2... 80 1.000E 00 9.999E-01 1.000E 00

Fig. 28. Example 2 - Summary table, set 1.
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REL 3... 10 1.000E 00 9.2658-01 9.760E-01
3... 20 1.000E 00 9.097e-01 9.707E-01
3... 40 - 1.000E 00 9.069E-01 9.700E-01
3... 80 1.000E 00 1.000E 00 1.000E 00

REL 1.000E 00 9.547p-01 9.8588-01 N
1.000E 00 9.408e-01 9.818E-01
1.000E 00 -9.381E-01 9.8128-01
1.000E 00 1.000E 00 1.000E 00
RPL 1.000E 00 8.129e-01 9.3708-01
S... 20 1.000E 00 8.002E-01 9.329e-01
S... 40 1.000E 00 7.9768-01 9.321e-01
S... 80 1.000F 00 1.000E 00 1.000E 00
REL 6... 10 1.000E 00 1.070E 00 1.022E 00 .
6... 20 1.000E 00 1.1758 00 1.0568 00
6... 40 1.000E 00 1. 181 00 1.058E 00
6... 80 1.000E 00 1.000E 00 1.000E 00 -
REL 7... 10 1.000E 00 1.000E 00 1.0008 00
T... 20 1.000E 00 1.000E 00 1.000E 00
T... 40 1.000E 00 1.1768 00 1.0532 00
7... 80 1.000E 00 1.176E 00 1.053e 00
IBPACT ... 10 1.000E 50 3.179e-01 3.117e-01

1... 20 1.000E 50 3.904E-01 3.801E-01
1... 40 1.000E 50 1.000E S0° 1.000E SO
t... 80 1.000E SO 1.0008 SO 1.000E 50

InPACT 2... 10 1.0008 50 4.947E-01 4.9558-01
1.000E S0 6.032E-01 6.027E-01
1.000E S0 1.000E S0 1.000E 50
1.000E 50 1.000E S0 1.0008 50
INPACT 1.000E 50 2.450E-01 2.402E-01
1.000E 50 3.C098-01- 2.930B-01
1.000E 50 1.000E S0 1.000E 50
1.0008 50 1.0008 SO 1.000E 50

INPACT 4... 10 1.0008 50 1.510E-01 1.4258-01
4... 20 1.000E 50 1.972e-01 1.821e-01
4... 40 1.000E S50 1.000E SO 1.000E SO
4... 80 1.000E S0 1.000E 50 1.000E 50

"INPACT 1.000E SO 6.235E-01 6.3048-01

1.000E %0 6.659E-01 6.715E-01 .

1.000E 50 1.0008 50 1.000B 50

1.000E SO 1.0008 SO 1.0008 50

INPACT 6... 10 1.000E 50 -2.321E-01 -2.236E-01
6... 20 1.000B SO -5.846E-01 5.568E-01
6... 40 1.000E SO 1.000E SO 1.000E 50
6... 80 1.000E S50 1.000E 50 1.000B 50

INPACT Tese 10 1.000E 50 0.0 0.0
Tees 20 1.0008 SO 0.0 0.0
T 40 1.000E S0 1.000E S0 1.000E 50
7... 80 1.000E SO0 - 1.000E SO 1.0008 50

B/C t... 10 1.000E 00 9.1912-01 9.738e-01
... 20 1.000F 00 . 9.003e-01 9.6818-01
... 40 1.000E 00 8.971e-01 9.673E-01
1... 80 1.000E 00 1.000e 00 1.000E 0O

B/C 2... 10 0.0 0.0 0.0
2....20 0.0 2.198B-02 6.787E-03
2... 40 0.0 2.579-02  7.7208-03
2... 80 0.0 -9.118E-02 -3.044E-02

B/C 3... 10 0.0 0.0 0.0

; 3aes 20 0.0 3.2672 03 1.0098 03

3... 40 0.0 5.6998-06  1.706E-08
3... 80 0.0 ~4.951E-05 ~-1.486E-05

B/C 4... 10 0.0 0.0 0.0
4.0, 20 0.0 8.710E-03  2.738E-03
4... 40 0.0 1.020E-02  3.112E-03
4... 80 0.0 ~3.812E-02 -1.246E-02

B/C 5... 10 0.0 0.0 0.0 .
S... 20 0.0 1.295E-03  6.069E-04
5... 40 0.0 2.253B-08  6.875B-05
5... 80 0.0 ~1.861E-05 -6.084E-06

B/C 8... 10 0.0 0.0 0.0
6... 20 0.0 6.100E-03  2.109E-03
6... 40 0.0 7.105E-03 2. 396E-03
6... 80 0.0 -3.1158-02 -1.007B-02 .

B/C 7...10 0.0 0.0 0.0
7... 20 0.0 9.0678-04 3. 135E-04
7... 80 0.0 1.S70E-04  5.295E-05
7... 80 0.0 -1.521E-05 -4.918E-06

YRS RELYD LT .50 o 0 0

YRS RELN1 LT .50 ) 0 . 0

YRS RELTOTE LT .50 0 0 0

INDEX OF RISK 0.0 0.0 0.0

Fig. 29. Example 2 - Summary table, set 1 (cont.).'
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0-750
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ORNL-DWG 78-1288
SET 1-0

RELATIVE YIELD VS. TIME

. an
+k¢ D &- & : +-

LEGEND
o-

200"
088

00 16-0 32-0 18-0 64-0 80-0
TIME, YEARS |

Fig. 30, Example 2 - Graph 1, set 1.



RELATIVE TOTP

0-875

1-250 1-375

1-125

1-000

0-750
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115

ORNL-DWG 78-1289
SET 1-0

RELATIVE TOTP VS. TIME

A-
{k | - ] /1;i:fi:=s’-—lﬁ———4k————ﬁ +-

LEGEND
o-  Blao
0- 30
0-10

0-500

0-0 16-0 32:0 18-0 64-0 - 80-0
TIME, YEARS

Fig. 31. Example 2 - Graph 2, set 1.
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58T 2.0

PEACTIONAI CHABGE IN SORVIVAL EBCEAEILITY POR AGE CLASS 0, FRY

0.0 c.30 0.10
CCTET . 2.000FE CE€ 1.869E 06 1,869E 06
2.000E €6 1.865E 06 1,865F 06
$.000E CE€ 1.665E C6 1.865E 06
Z.000FE C6 1.P65E 06 1.B€ESE 06
CCTET Z... 10 6.79G4E €5  S5.S35B 05 5.93SE 05
Z... 20 €.794F €5 5.S13B €S 5.913E 0%
Z... 40  E.T94E €S S5.993B 05 5.913¢ 05
... 80 €.794E €S S.S13B 05  5.913E 05
OCT1PT 3... 10 4,460E-C1  0.1C8E-C1  4.1C8E-01
3... 20 G.460E-C1  8.C99B-01 4.099E-01
3... 40 4,U60E-CY1  G.C99B-C1  4.099B-01
3... €0  4,460E-C1  4.C99B-0Y G.099E~-01
COTET ... 1C  J.118E 1C  6.S78E 10  6.978E 10
7.118E 10 6.S€0E 10 6.9€C0E 10
7.118% 10 6.980E 10 6.980F 10
0,.. 90 7,1198 10 €907 0 6 QRMO® 1N
OC1ET Seen 10 9.4B8E CS  8.1S4E €S  8,154E 05
See. U 9.uade (& 8. i%de 05 4. 19d2 09
See. 40  §.4BBE €5 B.156B (5 8.156E 0S5
S... B0  9.488E (% B.1%EB €S B.156F 0%
CCTET €... 10 4.032F €3 4.2CBE 03  4.3CBE 03
€... 20 4.032F €3 U.€59E €3 U.6SSE 03
6... 40 4,032F €3 4.656E 03 4.656F 03
6... B0  4.032F €3 0.€56E €3  U.G%EE 03
OTTPT Teee 10 1.333E-CS  1.1€9B-C5  1.1€9E-05
7... 20 9.333E-CS5  1.168E-05 1.168E-05
Teea 40 1.333E-CS 1.7€8E-05 1.168B~05
7... 80 1,333E~CS%  1.168E-05  1..1GBE-05
COTET €... 10 £.998E-C1  6.14TE-01 6. 1472-01
8... 20 ©.998E-C1  €.151B-C1  6.151E-01
€... 40  £,99BE-C1  6.151B-0%  6,.151E-01
‘8... 80  €.998E-C1  €.1S51B-(C1  6.151B-01
OCTRT 9... 10 3,991E-C1  4.233B-Ct  4.3332-01
9... 20  2.,991E-C1  &.343E-01  4.343E-01
9... 40 2.991E-C%  4.303E-01  4.34IE-01
9... 80  3.991E-C1  0.243B-01  4.343P-01
CCTET €.0C9E-C1  S.667B-01 5.667E-01
€.0C9E-C1 S5.€STE-CY  5.657B-01
€.009E-C1  S5.657B-01 5.657E-01
€.009E-C1  S.€S7B-CY  S5.657B-01
OCTET 1.3348-C3  1.330B-C1  1.330B-01
1.334¥-CY  1.330B-01  1.330f-0%
1.330F-C1  1.330B-C1  1.330B-01
1.330E-C1 1.330E-01  1.320E-01
CCTET 1.000E-C1  9.866B-02 9.866E-02
1.000E-C1  9.EEUE-C2 9.864E-02
1.000E-C1 9.860B-02 9.B6UE-02
T.000F-C1 S.EEAR-(2 9.86498-02
OUTET 1.000E~-C1  9.UE6B-C2 9.486B-02
1.000E-C1  9.485B-C2 9.485E-02
1.000E~C1  9.49€SE-C2 9.U8%E-02
1.000E-C1  9.4852-02 9,485F-02
COTET 2.154P-C1  2.C94B-0f  2.0948-01 .
Z.1%4E-C1  2,(S4B-C1  2.09uB-01
2.154E-C1  2.C94B-01  2.094E-01
Z.1SUE-C1 2.CI4E-CY  2.094B-01
OTIET 2. 154E-C1 2.118B-C1  2.118E-01
2.154E=-(1  2.118B-01 2, 118E-01
L Z.154E-C1  Z.118E-C1  2.118E-01
Z.154E-C1  2.1188-01 2, 118E-01
COTET 2.158E-C1  2.138B-01 2, 118E-01
2. 1S4E-(1 2.118E-CY 2. 118E-01
2.156E-C1  2.118B-01  2.1108E-01
2.1%42=-C1 7. 1108-61 2. 118e-41 *
REL 1.000F CC  9.204B-C1  9.3G4E-01
1.0C0E CC . 9.327E-01  9.3278-01
-1.0008 €C  9.226B-C1  9.326E-01
1.0C0F CC  9.326BE-01 9.326F-01
FEL 1.000F €C  8.735B-01 8.735E-01

1.000E (C 8.7C3E-C1 8.703E-01
1.000F €0 8.703E-01 8.703E-01
2... 80 1.000E (C 8.703e-C1 8.7C3E-01

Fig. 32. Example 2 - Summary table, set 2.
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REL

FEL

IREACT Tee. 10

te.a 20
t... 40
t... 80

INFACT 2... 10
2... 20
Z... 40
2... 80

IPENT

IBEACT

ILEACT

IBEACT

JEEACT

E/C

E/C

B/C

E/C

E/C

E/C
6. BC

E/C Tewn 10
2... 2C
Teea 4C
7... 8¢C

YES RELYL 17T .50
YES BELN1 LT .50
YES BEELTCYE LT .50

ISCEX OF BIEK

1.000F
1.0C0F
1.000§F
1.000F

1.000F
1.000E
1.000f
1.000E

J.000E
1.0COF
1.000E
1.000F

1.000E
1.000F
1.000¢
9.000F

1.000E
1.0C0E
3.000F
1.000E

1.000E
1.000€
1.000E
1.000%

1.000E
1.000F
1.000%
1.000E

1.000F
1.000¢
1.000E
1.000E

1.000F
1.0002
1.000E
1.000E

1.000F
1.000E
1.000E
£.000F

1.000E

1.000E <
1.000F ¢

1.000€

1.000E €

1.000E
1.000¢
1.000E

1.000%
1.0C0E
1.000¢
1.000¢F

higes
coco
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CO00 OO0 OCOC 00O 0000
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Fig. 33.

[
C
[4¢
cC

co
(44
cC
cc

Cc
4]
(44
44

0
C
o
(44

cC
<0
[
(34

£0
€C
<0
HJ

L0
<0
£C
S0

€0
0
<0
<C

€<
o
£C
<0

£0
0
£C
<0

9.211B-C1
9.191E-01
9.191E-C1
9.191E-01

7.C02E-01
9.€06B-C1
9.806R-01
9.€06E-01

8,593e-CY
8.596E-01
- £56B-C1

- 8.596E-01

1.C68E 00
1.1558 €O
1.155E 00
1. 1558 €0

1.€12B CO
1.C12E 00
1.C12E €O
1.C12E 00

2.187e-C1
Z.245B~CY
1.000B- €0
1.C00E <=0

8.216B-C1
4.323B-01
1.C00E <O
1.C00E SO

2.€28E-01
2.€98E~C1
1.000E SO
1.C00E S0

6.56uB-C2
6.423p-02
1.C00E S0
1.C00E SO

4.€89E~01
U.€E1E-C1
1.C00E =0
1.C00E S0

-2.278E-C1
=5.181E-01
1.C008 <O
1.0002 <0

-4.C12B-02
-3.¢48E-C2
1.0008 SO
1.C00E =0

9.02€3E-C1
9.969E-01
9.U€E9E-C?
9.469E-01

0.0

1.4CIB~-C3
1.4078~03
1.4C8E-C3

0.¢

2.¢65e~04
3.110E-05
6.872E-07

0.¢

9.3C2e-Cu
-235e-Ca

9.3358-C4

0.¢
1.383B-04
2.C€3R-05
4.5STE-CT

0.¢C

7.7C9E-04
7.733E-04
7.230E~-C4

0.C

1. 146E-04
1.7C¢9e-CS
3.776k-07

9.211E-01
9.191E-01
9.191E-01
9.191E-01

9.0022-0%
9.80€E-01
9.806E~-01
9.80€E-01

8.593e-01
8.596E-01
8.5968~01
8.596e-01

1.068E 00
1.15SE 00
1. 1558 00
1. 1382 00

1.012E 00
1.012E 00
1.012E 00
1.012E 00

6.5615-01
6.7358-01
1.000F 50
1.00CE 50

1.2€5E 00
1.297¢ 00
1.000E S0
1.000€ SO

7.885E-01
8.054E-01
1.00CE 50
t.00CE 50

1.975E-01
1.942E-01
1.00CE S50
1.000F S0

1.407e 00
1.404E 00
1.00CE S0
1.00Ce 50

-6.835E-01
-1.554% 00
1.00CE S50
1.00CE 50

-1,2048-01
<1.184B-01
1.0008 SO
1.00CE SO

9.483e-01
9.469E-01
9.4€9E-01
9.469E-01t

0.0

1.4C3E-03
1.4072-03
1.408E-03

0.0

2.0852-04
3.1108-05
6.872E-07

0.0

9.3028-04
9.335e-04
9.3358-04

0.0

1.383e-04
2.0€38~-05
4.5572-07

0.0

7.709e-04
7.733g-04
7.7362-04

0.0

1. 1462-04
1.709E-05
3.77¢2-07
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Example 2 - Summary table, set 2 (cont.).



RELATIVE YIELD

0-875

1:375

1-250

1-125

1-000

0-750

0-625

0-500
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ORNL-DWG 78-1290
SET 2-0

RELATIVE YIELD VS. TIME

LEGEND
o- oo
b- 0-30
0-10

$—
&
&
$—
. 2
—
I\

\

0-0 16-0 32-0 18-0 64-0 80-0
TIME, YEARS

Fig. 34, Example 2 - Graph 1, set 2.



RELATIVE TOTP
0-875 1-000 1125 1-250 1:375

0-750

0- 625
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ORNL-DWG 78-1291

SET 20 ,
RELATIVE TOTP VS. TIME

0-500

LEGEND
o- . Y
. s~ 0-30
& ? & % PN $ +- 0-10
00 16-0 32-0 48-0 64-0 80-0

TIME, YEARS

Fig. 35. Example 2 - Graph 2, set 2.
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Following the DO section, a CP card calls for changes in the para-
meter valueé governing the compensatory mechaﬁiSms, namely the para-
.meters FDMX0O, FDIO, GA2, GA3, GA4, CA21, CA31, and CAW1 (Fig. 23). The
entire DO section is rerun (REDO command) using the values prescribed
following the CP card (Figs. 24-27). - These parameter values are
" designated as Set 2, to distinguish them from the original parameter
values, Set 1. One can readily observe that additional compensation
decreases the effect of the power plant impact on the population.

In the bresent example, both the RO and OUT cards have a value of
15 in columns 19-20 and 9-10, respectively, meaning that a summary table
and graphs 1 and 2 are output. The summary table for Set 1 is given in
Figs. 28-29, and graphs 1 and 2 in Figs. 30 and 31. The suﬁmary table
for Set é is given in Figs. 32-33, and graphs 1 and 2 in Figs. 34 and

35.
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C
Cesc.o MAIN PROGRAN POR THE GENERAL LIFPE CYCLE MODEL, 1977 VERSION.

(s NeNeNeNs!

REAL*8 VHNANE

REAL*4 INPACT

CONMON /BLOCKA/ OUTPT (20) ,IRPACT (20),REL (20)

CONKOE /BLOCKL/ VHANE(256)

COMNON /BLOCKN/ N, NVARB,MVARB

COMMON /BLOCKY/ YIELD,PTP,CATCH (16),PPN(16),F(16) ,NT(17),J¥R

CONNON /BLOCKV/ VARB(256)

CONMON /BLOCKP/ KPTS (9)

CONNMOK /DATA/ YRVAL(101,9,11), TEAP(101), HCHGS

LOGICAL TEUE, PALSE,PEEDBK, EGTABL

DATA TRUE,PALSE /.TRUE.,.PALSE./, MR/16/

DIMENSION A{16,16) ,PHN (16),PNO (16),EX(20) ,IOP{10} ,PNZ(16) ,IROV(I),
2 PSET (16) (SAVP (256)

DIMENSION IDEL (9)

REAL*4 CHND(20) /*RDI',*RDP',*CP °,°CY ¥,'RI *,*PP *,¢pY ¢,
8 *RO *,'BC *,*GT *,°GC *,*OUT',*ITR','CF *,
P *BEGH® ,'DO*,*ENDO®,*REDO', *TRA',' '/

EQUIVALENCE (PNNO,VARB (16)), (PRY, VARB (32))

1 . (TOTP1,VARB(36)), (RATIO,VARB(38))

CALL REREAD

c

c
CueoawINITIALIZE VNANE, THE ARRAY OP PARANETER NANES.
c
c
CALL CALCHP
READ (5,50) (VNAME(I), I=1,256)
50 PORMAT ({10X,7(A5,5K)))
c
c
NEQNS = 0
NPLTS = 0
KOPLOT = 0
HCHGS = 0
IAT = 0
NEXT = 0
MOSDO = 0
IN=5
DO 80 I=1,20
INPACT(I) = O.
REL(Y) = O.
ODTPT(I) = O.
80 CONTINUE
00 100 I=1,6
100 IROW(I)=0

ISET = 0
WRITE (11,6900)
6900 POOMAT(* --- JOB SONMARY ---1)

[of
[

220 CONTINUE
C . .
Ce-cceoTHIS IS THE COBNAND POINT, WHERE THE PROGRAM ENTERS THE CONMAND LOOP.
C

TAT = TaTed
READ (IN, 7000, END=2000) ENTRY,IOP
230 IP (IAT.EBQ.NEXT) READ(S,7000,END=2000} ENTRY,IOP
IP (IAT.EQ.NEXT) NEXT=-KEXT
7000 PORKAT (AG,1X, 1015)- *
IP (ENTRY -§E. CHND(3) .AND. ENTRY .NE. CHND(3}) GO TO 21
WRITE (6,2999) :
2999 PORMAT(1H1)
231 CONTINUE
¥RITE(6,7020) ENTRY, IOP
7020 POBMAT(*OCONMAND IV I2 I3 I& IS 16 I7 I8 I9 110°,
1 /11,A5,1015)
CALL GETCAD(EFTRY,XKNKD,£260)
¢
c
c
COMMAND IS RDI RDP CP CI RI PP PI RO RT GT GC OUT ITR CN
GO T0(300,300,300, 300,300,300,300,500,555,675,675, 1070, 750, 300
1 ,166C,1800,1800,1800,1800 ). KBND
COMMAND IS BEGE DO ENDO REDO TRA
c

c
C.-...AN INVALID COMMAND WAS ENTERED IN THE DATA.
c .
260 WRITE(6,270)
WRITE (11, 270) )
270 PORMAT(®ONOTE —'/'+NOTE -- THE COMMAND PIELD ON THE ABOVE CARD',
1 * DOES NOT CONTAIN A VALID CONMAND. IGNORE THE CARD.')



130

91 GO TO 220

92 c

93 300 COWNTINOE

94 c

95 C..... PROCESS INITIAL OR PARAMETER DATA.

96 c :

97 CALL NITPRM(KAND,IOP,PN,PNO,PNZ,SAVD,IN,HR)
98 GO T0 220 )

99 500 CONTINOE

100 [

101 c

102 Co.oaoROF THE MODEL PRON THE YBAR ZERO.

103 [

104 [

105 IP (RCHGS.EQ.0.OR.IYRI.EQ.NYRS) GO TO 510

106 WRITE(6,7040) NCHGS

107 WRITE(11,7040) NCHGS

108 7040 PORMAT(*OWARNING: CASE NO.®,I2,* IN THIS SET DISAGREES WITH',
109 1 ' THE BASE CASE IR NO. OF YBARS.')
110 510 CONTINUE

11 NYR = TOP(1)

112 IDETPR = TOP(2)

13 AUHGS = FUHGS# 1

110 PSET(NCAGS) = FRY .

115 TP (NROWS.EQ.0) CALL RDYRS(IOP(4),IROW, NROWS)
116 RPLTS = KPLTS + 1

17 NPTS (NPLTS) = O

118 c

119 c

120 C.....INITIALIZE FOR RO ROW

121 c

122 IPOPN = NOD(TOP(10),10)

123 EGTABL = IOP(10)/10.FE.O

124 YR=0.0

125 IYRI=0

126 TOTP = O.

127 YIELD=0.0

128 CALL RPLACE(PNO,PN,N)

129 GO TO 560

130 c

131 c

132 C.....RC COMMAND -- CONTINOE RUNNING PRON THE LAST STOP.
123 c

130 555 NYR = IOP (1)

135 IDETPR = IOP(2)

136 c

137 C.....NOW SOBTRACT OOT LAST YEAR DATA OF PREVIOUS RON BEPORE ADDING
138 [+ IN YEAR ZEBRO DATA CP RC RON.

139 c

160 560 CONTINUE

141 PEEDBR=FPALSE

w2 CALL NAKNAT (A,PEEDBR,NR,PN,TOTP,EGTABL, ISET,ITRI)
143 CALL YLDCLC (PW,A,HR,H)

1y CALL YEARLY(IYRI,TOTP,PN,RCPOE,FRY)

145 DO 570 I=1,8ROVS

146 IP (IYRI.NE.IRO¥(I)) 6O TO 570

147 TCONNT = 2

148 IP (IYRI.EQ.TROW(NROWS)) ICOUNT = 1

1u9 615 IP ((IYRI.EQ.IROW(NROWS)).AND. (ICOONT.EQ.1)) GO TO 565
150 CALL PRETAB(I,00TPT,INPACT,REL)

151 565 GO TO 575

152 570 CONTIROE

153 575 CONTINUE

154 c

155 c

156 C.....DETERNINE PARAMETERS USED IN PLOTTING

157 c

158 c .

159 IRES = ((NYR-1)/100) + 1

160 IPL = 0

161 CALL PLOTST(IPL,NST)

162 C

163 c

164 TP (TDPTPR_PQ.0) WRTFR(6,710N0)

165 TP (YDETPR. £0. 0)

166 1 PRINT 595,YR,TOTP,PTP,YIELD,REL(1),REL(3), REL(2),INPACT(2),
167 2 INPACT (1), PN (2) ,RCPUE

168 7100 FORMAT(*0 YEAR T0TP 1 4 YIELD BEL TOTP
169 1 REL BFRT REL YIELD INPACTY IAPACTP §1
170 2RCEUE')

171 IF (FYR.EQ.0) GO TO 220

172 C

173 c

174 C..-..BEGIN RUN LOOP.

175 c

176 c

177 DO 650 IYB=1,NYR

178 c

179 IYBI=IYRI+1

180 YR=IYRI
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BAIN
181 CALL YBRRON (PN,A, MR, N, TENP)
182 PEEDBX=TRUE
183 CALL MAKHAT (A,PEEDBK,MR,PN, TOTP, PALSE,ISET,IYRT) ,
180 CALL YLDCLC (PN,R, NR,N} .
185 CALL YEABLY(IYRI,TOTP,PH, RCPUE,PRY)
186 IP (IDETPR.EQ.0)
187 1 PRINT 595,YR,TOTP,PTP,YIELD,REL(1),REL(3),REL(2),INPACT(2),
188 2 INPACT(1),PN(2) ,RCPUE
189 595 PORMAT (FP8.0,1PE14.3,0PP10.4,2X, 1P8E12. 3)
190 IPL = YIPL ¢ 1
191 IP (((IPL/IRES)*IRES).EQ.IPL) CALL PLOTST (IPL,NST)
192 DO 605 I1=1,NROWS
193 IP(IYRI.NE.IROV(I)) GO TO 605
196 CALL PRETAB(I,OUTPT,INPACT,REL)
195 620 GO TO 650
196 605 CONTINUE
197 [
198 650 CONTINOE
199 C
200 . Cueae. END RON LOOP.
201 C
202 CALL PLTSV(NST,NPLTS)
203 IDEL(NPLTS) = IRES
204 i IP (IPOPN.EQ.0) CALL PVEC (PN,N,2)
205 IP (NCHGS.NE. 1) GO TO ‘660
206 IP (ABS(PRY).GT.1E-5) WRITE(6,7280)
207 IP (ABS(FRY).GT.1B-5) WRITE(11,7280)
208 7280 FORMAT (*O®** WARNING: PRY IS NOT EQUAL TO ZERO IN BASE CASE.')
209 NYRS = NIR .
210 660 CONTIKUE
21 GO TO 220
212 675 CORTINUE
213 [
214 GO TO 220
215 [
216 750 CONTINOE
217 C
218 C
219 Cae..-COMMAND °*ITB* BRINGS ONE HERE. THE STABLE POPOLATION VECTOR. AND
220 c PNSO ASSOCIATED WITH A GIVEN TARGET VALOE OP TOTP ARE CALCULATED.
221 (o
222 TARGT = TOTP1#* (1.¢RATIO) /2.0
223 c «-.THIS EQUATION IS BQUIV. TO TARGT=(TOTP1¢TOTP2) /2.
224 PRINT 7310, TARGT
225 7310 PORMAT(*OTARGT=*, 1PE10.3)
226 CALL ANALYT(TARGT,PNO, A,MR)
227 CALL PVEC (PNO,N,1)
228 GO TO 220
229 C
230 1070 CONTINOE
2 C
232 [
233 Coveun COMMAND *OUT' BRINGS ONE HERE. DATA IS OUTPUT.
234 [«
235 IF (ISET. £Q.0) IYSET=1
236 KOPLOT = KOPLOT + 1
237 IF (IOP(2) .BQ.0) KOPLOT=0
238 SET = ISET ¢ .1#*KOPLOT
239 [
260 Ce..-oPRINT SONNARY TABLE
261 [
282 I1 = IOP (1)
243 LP(AUU{L1,2) - NE.U) LALL TABLE(IRUW,PSET,SET,NYRS)
2064 1100 CONTINUE
245 c
246 C.eees PRINT BENEFIT/COST ANALYSIS TABLE.
247 c
248 IV = 11/2
249 IP (MOD(I1,2) .8E.0) TALL BCTAB(PSET,SBT,NYRS)
250 1 =2 1172
251 IF(I1.EQ.0) GO TO 1550
252 C
253 CeeaweGERERATE GRAPHIC OUTPUT
254 c .
25% IP (1QD(X1.2},.NE,O0) CALL PLT123(2,NPLTS,NPTS,IDEL,PSET,SET)
256 IMN=11v,/2
257 IP (MOD(I1,2).NE.O) CALL PLT123 (3, NPLI'S, NPTS,IDEL,PSET,SET)
258 1550 CONTINUE
259 [
260 Cueaes REINITIALIZE GRAPH, PLOT PARANETERS BEPORE READING REXT CARD.
261 C
262 FPLTS = 0
263 NCHGS = 0
264 FBCWS = 0
265 DO 1570 I=t,6
266 1570 IRCU(I)=0
267 WRITE(11,7650) SET
268 7650 PORBAT(* OUTPUT COMLETED, SET*,PS5.1)
269 GO T0 220

270 c
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WAIN
27 Coun-- CONBAND *PEGN® BRINGS ONE HERE. NOST RECEFT PARAMETER OR POPULATION
272 c VALOES ARE RESTORED.
273 <
274 1660 CONTIROE
275 ISET = ISET+1
276 IP (IOP(3).Gr.0) ISEr=IOP(3)"
2717 ROPLOT=0
218 PRINT 7690, ISET,ISET
279 7690 FORMAT (*1 sasses SETY, I3, seesssey
280 1 LN Pl 11 L] sgf',[a,' ....“'//)
281 IP (IOP (1) .NE.0) GO TO 1700
282 CALL RPLACE(PNZ,PNO, R)
283 PRINT 7700 :
284 7700 PORMAT (* REPLACE INITIAL POP*'N VECTOR WITH NOST RECENT INPUT ',
285 1 " YECTOR. %)
286 1700 IP(IOP(2).NE.0) GO TO 1720
287 CALL RPLACE(SAVP,VARB, NVARB)
288 PRINT 7720
289 7720 POBMAT (* REPLACE PRESENT PARM SET WITH INPUT SBT.*)
290 1720 CONTINUE
291 G0 0 220
292 c
293 1800 CONTIROE
298 I
295 Couce. PRCCESS *00 SECTION CONMANDS -- DO, ENDO, RENO, TRA.
296 [
297 - KOBD=KNND
298 CALL PROCDO(KAND,IOP,H0SDO,IN,IAT, REXT,EX, ERTRY,E2000)
299 c ... HONSTANDARD RETS WHER HITTING END~OFP-FPTLE
300 IP (KOBD-19) 220,230,220
301 c
302 Cawe..TERNIKATE EXECUTION
303 [
300 2000 CONTINUE
305 PRINT 9100
306 WRITE (11,9100)
307 9100 FORNAT (*0 .EXIT AT END-OF-PILE CARD')
300 c
309 c
310 c
n c
312 RETURN

313 ENC
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SUBROUTINE ANALYT (TOTP, PR, A,HR)

Coenw~ TRIS SUBROUTINE IS CALLED ONLY IF THE COMNAND *ITR' IS OSED. IT .
CALCULATES THE POPULATION VECTOR, PN, AND THE SURVIVAL PROM HATURAL
MORTALITY THROUGH THE AGE CLASS ZBRO, PNSO,ASSOCIATED WITH A TARGET
VALUE OF TOTP, WHERE TOTP IS THE TOTAL PEMALE BIOMASS LEGALLY AVAILABLE
TO THE PISHERY AT THE START OP THE CURRENT YBAR.

nannannnn

DOUBLE PRECISION Z,GAS,ZSS,CCAS,DELTS,XK,DAPS, EPS1

REAL*G INPACT,IYRCA

CORNON /BLOCKA/ OUTPT(20), unc'r(zo),asl.(zo)

CONNON /BLOCKV, PNAT (15) ,PRM(16) , PRY,PDIO, PDAXO, EPS, TOTP1, LEGAL.
1 +RATIO, B3,BA,B1,B2, ATHAX, PP (16) , ACON, B, C, VOLK { 16)
2 : + TYRCH, CHGDI, CHGDD, DELT (6) ,DAP(6) ,Z5 (6] o CA (6 ,5)
3 «GA (6) ,DAN(6) ,RFR(6) ,RIAGE, DUNAY (108)

CORMOR /BLOCKY/ YIELD,PTP,CATCH(16),PPN(16),P(16),WT(17),JIR
CONMON /BLOCKK/ N, KVARB,NVARB

CONMOR /BLOKNS/ GAS(6) ,ZSS(6),CCAS (6) , DELTS (6) , XX (7),

1 DAPS (6)

DIMENSION CCA(6),X (7)

DIMENSION PN(1), RASH(1), A(MR,1),PHS (16)

LOGICAL EGTABL

EGTABL = .FALSE.

EPSY = EPS

ITHAX = ATHAX

weewa<e BAKNAT IS CALLED TO CALCULATE PISH WEIGHTS, BGGS AND SURVIVALS, DATA
WHICH IS NECEBSSARY TO CALCULATE THE DENSITY OF THE ZBROTH AGE CLASS,
EN{1), POR A GIVEN VALOE OF TOTP.

CALL MAKMAT(A,.PALSE.,%R,PN,TOTP,EGTABL,-99,0)

ceemess ENSO (=PNS(1)) IS CALCULATED ALONG WITH RATIOS OF SUCCESSIVE AGE CLASS
DENSITIES CONSISTENT WITH A STBADY-STATE POPULATION.

000N annnnnnn

RASH(1) = 1.0
soR = 0
NHY = N - 1
DO SO I=2,NHt
RASH(I) = RASH(I-1) * EXP (- (PNH (I)+PPA(I)))
IP(I .NE. F%1) GO TO 49
RASH(I) = BASH () /(1.~-EXP(-(PNN(X¢1)}¢PPE(I+1))}))
49 CONTINOE
SUN = SUM + P (I)*RASH(I)
c
Cuveeo-.BASH(I) IS THE POPULATION RATIO PH(Iet)/PH(2)
c

SO CONTINUE
PES(1) = 1.0/508
c . .
Ceeucea-ENO (=PN(1)) IS CALCULATED WHICH IS CINSISTENT WITH A TARGET VALUE
c CP TOTP.
c
sua = 0.
DO 80 I=2,N
WATE = WT(I)
80 EUN = EOM + GATH*CATGH(I)*RAGH (I 1) *VOLN (I)
PRINT 300, TOTP
300 PORMAT (1H ,*TOTP = ',1PE14.6)
PN(1) = TOTP/(PNS(1)*SUN)
X(1) = PR(Y)
X(H = x(M
c
Come o NSTHG TAR AANYR RESOLTS THE RENAINDER OF THE STEADY-STATE POPULATION
c VECTOR CAN BE CONPUTED. :
c
DO 100 I=2,K
PH(I) = PN(1) *PRS (1) *RASH(I-1)
100 CONTINDR
PRINT 1000, PRS{1)
1000 PORAAT(* OAVALYTIC PNSO=¢,1PE12.4) ]
c .
CaeessCALCULATION OF INTRA-AGE GROUP DENSITY-DEPENDENT NORTALITY
c CORFFICIENTS
c
WRITE (6, 2000)
2000 PORMAT(//,5X,'Y¥-0-Y PARANETERS CONPUTED IN ANALYT',/)
ZS (1) = PES(1) / (IS (2)*TS(3)*ZS(4)*2S (5)*2S(6))
DO 200 I=1,6
CCA(I) = 0.0
=5
DO 150 J=1,8M
Jp =3« 1
CCA(I) = CCA(I) ¢ CA(I,J) *PH(JP)
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92

93

94

95

96

97

98

99
00
101
102
103
104
105
106
107
108
109
110
11
12
13
14
115
116
17
118
119
120

150

2001

170

1750
171
2002
190
200

2003

134

CONTINOE

GAS{I) = GA(I)

2SS(X) = TS({I)

CCAS(I) = CCA(D

DELTS(I) = DELT(I)

DAES(I) = DAP (D)

DC = DAN(I) + CCA{(I)

BX = EXP(-DC*DELT(I))

IP (DAN(I).EQ.0.0) GO TO 170
ZS(I) = DC*EX/(DC ¢ GA(I) *X (I) *(1.-EX))
ZSS(X) 2S(1)

X (I¢1) ZSS(I) * X(I)

XX (I+1) = X(I+1)

WRITE(6, 2001) 1,ZS(I)

PORBAT (9X,"2S (% I1,%) ¢, E15.8)
GO TO 190

CONTINOE

CALL SOLVE(Z,I,EPST,ITHAX)

DAR(I) = 2

X(I+1) = ZS(Y) * X(I) .

XX (T¢1) = X(T+1)

CONTINOFR

WRITE {6,2002) I,DAN(I)

FOBHAT (9X,"DAN (*,11,*) *,E15.8)
COSNTIHUE

CONTINUR

WRITE (6, 2003)

FORRAT(//)

RETORN

- EKD
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Cue---THIS SUBROUTINE IS CALLED BY SUBROUTINE ANALYT TO COMPUTE THE Y-0-Y

c
c
<

[2XaNsXsNe]

nacnon

300
S00
600
620

700
900

1
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SUBROUTIRE SOLVE(Z,I,EPS,ITHNAX}
IBSPLICIT REAL*8(A-8,0-2)

LIBEAR WATURAL MORTALITY RATES BY OSING NEWTON'S METHOD

EXTERNAL PP

DOUBLE PRECISION GAS,ZSS,CCAS,DELTS, XX,DAPS,ZX(500)

COMMOR /BLOKNS/ GAS(6) ,ZSS(6) ,CCAS (6), DELTS (6) (XX (7),
DADS (6) ’

INITIALIZE 20 POR NEWTON'S NETHOD.

CALL SCAN(20,I)
Xy = 20

PS = ZSS(T)

DC1 = CCAS(I)

BEGIN THE ITERATIONS.

DO 500 J=1,ITKAX
ITER = J

X = 2X(J)

PONC = PP(X,I)

DC- = 2x (J) ¢ DC1
EX = DEXP (-DC*DELTS(I}}
AN = DC * EX

DPUNC = PS ¢ PS * GAS(I) * XX(I) * EX * DELTS(I)
-EX ¢ AN * DELTS(I)

RATIO = PUNC / DPONC

2ZX (J+1) = 2ZX(J) - RATIO

2 = ZX(I+ 1)

IP ( DABS{RATIO/ZX (J+1)).GT. BPS) GO TO 300

GO TO 700

IP ( ITER.EQ.ITHAX) GO TO 600

CONTINOE

PRINT 620, ITER

FORRAT (1HO, 'NO CONVERGENCE IN®,3X,I5,3X,*ITERATIONS?/)

G0 TO 900

CORTINDE

CONTINOE

RETURN

END
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SUBROUTINE SCAN(20,I}
IAFLICIT BBAL*8(A-H,0-2)
[+
c
Cassaea THIS SUBROUTINE IS CALLED BY SUSROUTINE SOLVE YO PROVIDE INITIAL LOWER
C °© ARD UOPPER BOUNDS ON THE Y-O-Y LINEAR HATURAL MOBTALITY RATES
c
c
DOUBLE PRECISION GAS,25S,CCAS,DELTS, XX,DAPS
EXTERNAL PP i
COBNON /BLOKNS/ GAS(6) ,2SS(6),CCAS (6),DELTS(6) ,XX(7) (DAPS(S)
‘A = CCAS(I) + .000001
B = 500.
XTEL = 1.B-2
CALL BISECT(PP,A,B,XTOL,IPLAG,I)
IPF (IPLAG.GT.1) GO TO 200
20 = (A+B) /2.
ERROR = DABS( (A-8) 2.)
200 CONWTINUE
RETORN
END

ind
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BISECT
1 SUBROUTINE BISECT (FP,A,B,XTOL,IFLAG,I)
2 IMPLICIT BEAL®*8(A-H,0-2) "
3 c
4 c )
s CoeesoTHIS SUBROUTINE IS CALLED BY SUBROUTINE SCAN TO COMPUTE AK INITIAL
6 c BSTINATE OP THE Y-O-Y LINBAR NATORAL MORTALITY RATES
7 [
L] [
9 EXTERNAL PP
10 IPIAG = O.
" N = -1 -
12 PA = PE(A, D)
13 FB = PP (B,I)
19 c
15 c
16 Cuewswes CRECK FOR SIGN CHANGE.
17 c .
18 c
19 IP (PA*PB .LE. 0.) GO TO 200
20 IPLAG = 2
21 PRINT 100, A, B
22 100 PORMAT (1HO,*'PP(X) IS OF THE SAME SIGN AT TRE TWO ENDPOINTS®,
23 1 1PE13.6,3X, 1PE13. 6) . ’
24 RETURN
25 200 CONTINUE
26 ERROR = CABS (B-A)
27 250 BRROR = BRROR/2.
28 c
29 c
30 CavesnesCHECK POR SUPPICIENTLY SWALL INTERVAL.
31 c
32 c
33 IP (ERROR.LE.XTOL) RETURR
kL) XH = (A+B)/2. .
3s c
36 c
37 . Coeawn<-CBECK POR UNRZASONABLE ERROR REQUIRENENT.
38" c
39 c
40 IP (XM+ERBOR.EQ.XM) GO TO 1000
(3] PN = PP(X8,I)
42 N = N1
43 c
44 c
a5 Cow-vos.CHARGE TO NEW INTERVAL.
46 c
47 c
ug IP (PA*PN.LE.0.) GO TO 500
49 A=1xn
50 PA = PN
51 GO TO 250
52 . 500 B = Xn
53 GO TO 250
54 1000 IPLAG = 1
S5 RETURN-

96 END



PP

VONOANEWN 2

C
C

138

DOOBLE PRECISION PUNCTION PP(X,I)
IAELICIT FBAL*8(A-H,0-2)

Ceseose THIS PURCTION IS CALLED BY SUBROUTINES SOLVE, SCAN AND BISECT. IT

C
C
(o

COHTAINS THE PARTICULAR PUNCTIOR POR WHICH THE BOOTS ARE BEING SOLVED.

DOUBLE PRECISION GAS,2SS,CCAS,DELTS,XX,DAPS
CONNON /BLOKNS/ GAS({6) ,2SS (6) ,CCAS (6), DELTS (6) , XX (7),DAPS (6)

PS = ZSS(I)

DC = X ¢ CCAS(I)

EX = DEXP (-DC*DELTS(I))

AN = DC*EX

DN = DC + GAS(I) * XX(I) *(1.-EX)
PP = PS * DN - AN

RETURN

END
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SUBROUTINE GETCHD (ENTRY,KNND,*)

oessaTHIS SUDROUTINE IS CALLED DY THE HAIN PROGRAN T0 IDENTIFY A
CONMAND (BNTRY). IP THE CONNARD IS IDENTIFIED, THE COMBAND
NUHBER (KBED) IS RETURNED.

nnNanNnnAn

REAL*G CHND({20) /*BDI®,*RDP?,*CP *,°CI *,*RI *,%PP *,'PI *,
8 'RO *,'RC *,°GT *,'GC *,°OUT, *ITR','CN *,
Fo *BEGN',*DO*, *ENDOY, *REDO® , *TRA',* '/
DG S0 I=1,19
IF (BNTRY.EQ.CEND(I)) GO TO 70
S0 CONTINUE
RETORN 1
70 RKMND = 1
IP (BNTRY -NE. CAND (3) .AND. BNTRY .HE. CHNND(8)) GO TO 80
2000 PORNAT (1R1) :
80 CONTINUE
RETORN
ENL
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SOBROUTINE NAKNAT (A,PEBDBK,HR, PN, TOTP,BGTABL,ISET,IYRI)

c

c

Cee.-.THIS SUBROUTINE CALCULATES THE ELEMENTS, A(I,J), OF TEE LESLIE POPULATION

c MATRIX

c

c
REAL*G INPACT,IYRCH
COMMON /BLOCKA/ OUTPT(20),INPACT{20),REL (20) T
COMNMON /BLOCKN/ W, HVARE,NVARB
CONMOR /BLOCKY/ YIELD,PTP,CATCH(16),PPH(16),P(16),WT(17),JIR
CONNOF /BLOCKV/ PMAT (15) ,PNNM(16),PRY,PDIO, PDAXO,EPS,TOTP 1, LEGAL
1 ,RATIO,B3,B3,B1,B2,ATHAX, PP (16) ,ACOK,B,C, VULN (16) : y
2 .IYBCH,CHGDI,CHGDD, DELT (6} , DAP(6) ,2S (6) , CA (6,5) <
3 .GA (5), DAN (6) ,RPR(6) ,RIAGE, DUNNY (108)

c

LOGICAL PEEDBK, EGTABL
REAL*d NBGGS,LEGAL,LENGTH,LRGIN1
DINERSION A(NMR,1),PH(1)

C

Cacaeeos "PEEDBR® IS PALSE WHER THLS SUBRUUTIHE 1S PIRST CALLED PRUR THE HAILR
PBOGRANW (YEAR = 0), SO MAKNAT CALCULATES THE INITIAL LESLIE NATRIX.
#ABF MAKRAT IS CALLED IR SUCCEERDIMHC YRBARS, 'FEEDBK' IS TRUB, 60 AW .
OPDATED LESLIE HATRIX REPLECTING TRAE EPPECTS OF DENSITY-DEPENDENCE. IS
CALCOLATED. WHER BAKNAT IS CALLED FRON SUBROUTINE ANALYT, PEEDBK IS
FALSE.

annNnon

JAGE = RJAGE
1P (FEEDBK) GO TO 1000

Covewases BELOW CATCH(J), WT(J), P(J) AND WTLEGL ARE CALCULATED, WHERE

C CATCH(J) = PRACTION OF PISH IN YEAR CLASS J AVAILABLE TO FPISHING
(o (LONGER THAN LEGAL MINIHON)

< W (J) = AVERAGE WEIGHT OF A PISH IF AGE CLASS J

C P () = AVERAGE PECUNDITY OF A PISH IN AGE CLASS J

c WTLEGL = EFPECTIVE LEGAL MININUN WRBIGHT

C

IP (BGTABL) PRINT 7000, ISET
7000 PORMAT(*-',30X,*VITAL STATISTICS - SET*,I3/°0°,

1 *AGE*,3X,'LENGTH®,6X, *WEIGHT®,6X, EGGS? 8%, "PEMALE’,6X, 'PHAT, BX

2 ,'PSUBI',TX, CATCH',7X, *VOLN',8X, *NAT. NORT')

NM1 = §-1

T (N =0.0

LNGINY = 0.0

JYE = 0 :

IP (EGTABL) PRINT 7050, JYR, LNGIM1,WT(1),WT (1),¥T(1),9T (1) .

DO 1 J=1,8

AGE=J

LERGTH=ACON¢ (B*AGE)*+ (C* (AGE**2))

CATCH(J) = 0.0

IP (LENGTH.LT. LEGAL) GO TO 70

CAICE(J) = 1.0 .

IP (LNGIN1.GE.LEGAL) GO T0 70

C

Caceesss AGELEG IS CALCOLATED PROM TPHE BQUATION POR *LENGTH' ABOVE. AGELEG
WILL GENERALLY BE A NON-INTEGER. VABN DECONPOSED INTO A8 INTEGER, J,
FLUS A PRACTIONAL RESIDUE, THEN 1.-RESIDUE EQUALS THE PERCENTAGE OF

PISH IR AGE CLASS J AVAILABLE TO THE PISAERY. THE *J-J' WAS ADDED
TO PREVENT OPT=2 PROM CALULATING THE SQUARE ROOT OUTSIDE THE LOOP.

aANNan

AGELEG = (-B ¢ SQRT (J-J+B*%2-4_#C* (ACON-LEGAL))) /(2.%C)
CAICH(J) = AGE - AGELEG
70 CONTINUE
IP (CATCR(J)* (CATCH (J)-1.) .NE.0.) JYR=J
ALG10 = R3 ¢ RG*ALOG10 (LRRGTH).
WT(J+1) = (10.0%*A1510)/853.6
IP(J.EQ.N) GO TO 1
BGGS = B1 ¢ B2 * WT(J+1)
P(J) = PP (J) *PHAT (J) *BGGS
LNGIN1 = LENGTH
PENCHD = 1. - EXP(=FNN(J))
7050 PORMAT (18 ,I3,3I,1P9E12.3)
IP (EGTABL) PRINT 7050,J,LENGTH,¥T (J+1),BGGS,PF(J) ,FEAT(J),P(J),
1 CATCH(J) ,VUL® (J) , PENCKD
1 CONTLIRUE
IP(EGTABL) PRINT 7100, ACOW,B,C,LEGAL,B3,B4,B1,B2
7100 FORBAT (*OWITH THESE PARANETERS-- ACON,B,C= *,P7.3,F7.2,P6.2,
1 LEGAL,B3,B04=' ,P6.1,76.2,F5.2/
2 26%,'B1,82=", 2810.3//)
ALG10 = B3 ¢ BUSALOG10 (LEGAL)
P(F)=F (N81)
1000 CONTINUE
c

Cosenss. COSPUTE THE WUNBER OP BGGS PRODUCED USING THE CALCULATED PECUNDITIES. L]
C

Cc

Ceaveoas . WHEN SOBROUTINE ANALYT CALLS THIS SUBROUTINE WITH A GIVEN TARGET VALOE

C CP TOYP, ISET=-99 SO THE HAKFAT CALCULATION OF TOPT BBLOW IS SKIPPED.

IP (ISET.RBQ.-99) GO TO 700
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128
129
130
131
132
133
134
135
136
137
138
139
180
181
102
143
106
165
146
197
188
149
150
151
152
153
154
155
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Cevovuee. ISET=-99 WHEN ANALYT CALLS ®AKNAT WITH A GIVEN TOTP.
NEGGS=0.0
DO 2 J=2,N
NBGGS = NEGGS 1 P(J-1) *DPH(J)
2 COBTINUE
PN (1) =HEGGS

4 CONTINUE .
1T01P=0.0
PO 6 IY=1,K
WATE = WI(IY)
TOTP=TOTP+PN (1Y) *WATE* CATCH(IY) *VOULN(IY)
6 CONTIHUE
700 COSTINOE
c
Ceveaees SUBROUTINE PFSCLC IS CALLED TO CALCULATE THE SORVIVAL FROM PISAING FOR
c AGE CLASS J
c
CALL PPMCLC(TOTP,I YRI)
IP (FEEDBK) GO 10 S50
c .
Coeev-..BELOW THE INITIAL VALUES OF THE BLEMENTS OF THE LESLIE NATRIX ARE
c COMPUTEL (YEAR = 0)
c
DO 20 J=1,K
A(1,3)=P(J)
D0 10 I=2,W
A(1,3)=0.0
10 CORTINUE
IP (J.LT.N) A(J+1,3) =EXP(-FRH(J))
IP ((J.GT-1) .ARD. (J.LT.HN)) A(J+1,J)=EXP(-PFH(J))*A(J+1,J)
IP(J.LT.N) A(1,J) = A(1,J3)*A(J+1,J)
IP (J.NE.JAGE) GO TO 21
OUTPT (B) = A(J+1,J)
21 CONTINUE
20 CONTINUE
A(N,H) = EXP(-(PNH () +PPH (N¥)))
A(1,N)=R (1,N) *A(F, W
CALL YOYMRT(PK,PPX)
A(2,1) = PEX
A(1,1) = P(1) * PPX
RETURN

c
Ceenve..BELOW THE VALUES OF THE ELEMENTS OF THE LESLIE MATRIX ARE CALCULATED
c FOR YEARS APTER 0. THESE VALUES INCLUDE DENSITY-DEPENDENT FEEDBACK
c CALCULATED IN SUBROUTINES PSPCLC AND YOYNRT.
c
SO CONTINUE
CALL YOYNRT(PN,PPX)
A(2,1) = PRX
A(1,1) = PPX * P(1)
DO 60 J=2,EM1
A{J+1,J) = EXP (- (FHEA(J) +PPE(J)))
A (1,J) = P(I) %A (I+1,J)
IF (J.NE-JAGE) GO T 61
OUTPT (8) = A(J+1,J)
61 CONTINUE
60 CORTINOE
A(N,§) = EXP(- (PNN(N) +FFHE(N)))
A(1,F) =P (§) #A (K, 8)
RETORN

onon

ENRLC
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SUBROUTINE YOYMRT(PH,PPX)

Coee s« THIS SUBROUTIRE CALCULATES YOUNG-OP-THE-YEAR SURVIVAL BSING A

c
C
C
C
L
[
[of
c

S

10

20

30

31
c

Cevunan

C
c
C
c

50

8o

90

100

WN -

CHRISTENS EN-DEANGELIS-CLARK TYPE OF STOZK-RECRUITHENT PORNULA. THE
YOURG~-OP-THE-YEAR ARE ASSUNEBD DIVIDED INTO SIX LIFPE STAGES.

REAL*U INPACT,IYRCH

CONNOW /BLOCEKA/ OUTPT (20) , INPACT (20) ,BBL (20)

COBMON /BLOCKN/ N, NVARB,MVARB

CONMON /BLOCKV/ PNAT (15) ,PNN(16),PRY,FDIO, PDAXO, EPS,TOTP1,LEGAL
,RATIO, B3,B4,B1,32,ATHAX, FPF (16) , ACON,B,C, VOLN (16)
, IYRCH,CHGDY,CHGDD, DELT (6) ,DAP(6) ,Z5(6) ,CA(6,5)
+GA (5) ,DAR(6) ,RPR(6) , RIAGE, DUARY (108)

DIMENSION PH (1), CCA(6)

DIBENSION FR(6)

X = 1.0
Y = PN(V)
PPX = 1.0
W o= 1.
YR = PN(N
PPN = 1.

CONPOTE DAP(I).

DO 5 I=1,6

IF (DAP(I) .GT. 0.0) GO TO 31
CONTTRUE

Do 10 I=1,6

FR(I) = RPR(I) * PRY

CONTIHDE
DAB(1) = -ALOG (1.-FR(1))/DELT (V)
o0 30 1=2,6

I1 = I-1

suN = 0.

DO 20 J=1,I1

SO® = SOUM ¢+ DAP(J) * DELT(J)

CONTINOE

DAP(I) = —(ALOG(1.-FR(I)) + SUM) / DELT(I)
CONTINUE

CONTINUE

THE DA(XI)*S ARE DENSITY-INDEPENDENT Y-0O-Y NORTALITIES POR THS 6 LIPE
STAGES. THE GA(Y) 'S ARE DENSITY-DEPENDENT MORTALITIES. THE CA(I)°'S
REPRESENT REGATIVE EPPECTS PROM OLDER AGE CLASSES. THE DELT(I)*S ARE
THE LENGTHS OF THE 6 LIFE STAGES.

DO 100 I=1,6

CCA(I) = 0.0

NH =S

DO 50 J=1,¥K

Jp =3¢ 1

CCA(I) = CCA(I) + CA({I,J)*PN(JP)
CONTIRUE

DG = DAP(I) ¢ DAN(I) + CCA(I)

OCV = DAN(I) + CCA(l)

EX = EXP{-DC*DELT (1))

BXW = EXP(-DCY*DELT(I))

IP ((DC+GA(I)*Y$(1.-BEX})).EQ.0.) GO TO 80
X = DC*BX/(DC+GA (I)*Y* (1.-EX))

XU = DCW®EXW/ (DCWeGA (I) #Y#* (1.-EXN¥})
0UTPT(10+I) = X

Y = X*Y

Y8 = Xueyw

GO TO 90

X = 0.

CONTINUE

PPX = X®PPX

COBTINUE

0UTPT(7) = PPX

RETORN

ENL

Iz
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SUBROUTINB PPMCLC(TOTP, IYRI)

c
c
Cuew+oTHIS SUBROUTINE IS CALLED PRON MAKMAT. IT CALCOLATES AGE-SPECIPIC
c SURVIVAL FROM PISHING POR TWO DIFPERENT PISHING -HOBRTALITY POUHCTIONS.
c THE COMPUTED SUBVIVALS ARE USED TO UPDATE THE LESLIE BATRIIX.
c SURVIVAL PROM PISHING IS DENSITY-DEPENDENT BECAUSE IT IS A FUNCTION OF
c TOTP, THE CURRENT BIONASS AVAILABLE TO PISHING.
c CALLED FROM MAKNAT.
c
c
REAL*4 INPACT, IYRCH
COMMON /BLOCKA/ GUTPT (20) ,INPACT(20) ,REL (20)
CONMON /BLOCKY/ YIELD,PTP,CATCH (16),PPA(16),F(16),9T(17),JYR
COPBON /BLOCKN/ N,NVARB,NVARB
CONMON /BLOCKV/ FMAT (15) ,PNN(16) ,PRY,PDIO, PDNXO, EPS, TOTP1,LEGAL
1 ,RATIO, B3,B4,B1,B2,ATHAX, PF (16}, ACON,B,C, VOLN {16}
2 » LYRCH, CHGDI, CHGDD, DEL?T (6) ,DAP(6) ,ZS (6) ,CA (6 ,5)
3 ,GA (5) ,DAN(6) ,RFR(6) , RIAGE, DUANY (108)
IF(ITRI. NE-0) GO TO 20
IYRCA = IYRCH + 0.01
20 IF (IYRI.GT.IYRCH.AND.IYRCH.GT.O0) GO TO 100
PDCAY = PLCHXO
FDI = PDIO
c
Ce...-IF THERE IS NO PERIDD DURING WHICH PISHING INTENSITY CHAKGES
c (I.E., TYRCH=0.0), DO NOT CHANGE VALUES
c

IF (IYRCH.EQ.0) GO TO 100
IP (IYRI.KE.0) GO TO 60
c ... ONE TINE CALCS POR NOVING PISHING PN.
STEPDD = CHGDD * PDMX0 / IYRCH ‘
STEPDI = CHGDI * PDIO / IYRCH
ENCDD = FDHXO & (1.-CHGDD)
ENDDI = PDIO * (1.-CHGDI)
WRITE (6,7000) PDAXO,EEDDD,STEPDD
WRITE (6,7010) PDIO, ENDDI,STEPDI
7000 FORNAT (T10,'PDAX0 CHANGES PROA',P6.3,' TO',
1 P6.3,' IN STEPS OP',P7.0)
7010 PORMAT (T10,*FDI0 CHANGES PRON',P6.3,' TO',
1 P6.3,* IN STEPS OF',P7.4)
60 PDDAX = PDMXO - IYR[ * STEPDD
PDI = FDIO - IYRI * STEPDY
100 CONTINUE
c
Cue...PIBCEWISE LINEAR PISHING BORTALITY FONCTIOR
c
TO1P2 = RATLIO * TOTPY
IF (TOTP.LT.TOTP1) PDD = O.
IP (TOTP.GT.TOTP2) ¥DD = PDDAX
IP (TOTP.GE.TOTP1.AND. TOTP.LE.TOTP2)
1 PCD = (TOTP-TOTP1) * FDOMX /(TOTP2-TOTP1)
PTE = PDI + PDD
OUTPT(9) = PDI/PTP
OUTPT (10) = (¥Te-PDI) / PTP -
300 CONTLRUE
DO 350 J=1,¥
FPPA(J) = VOLN(J) * CATCH(J) *PTP
350 CONTINOE
RETORN
END
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NITPRA
1 SUBROUTINE WNITPRM(KNKD, IOP,PN,PNO,PNZ,SAVP,IN,NR)
2 c
3 [
8 Coeee-THIS SUBROUTINE PROCESSES ALL CONNANDS DEALING WITH INITIAL POPULATION
S C VALUES OR PARAMETER DATA.
6 c
7 [
8 REAL®#8 ANAN, VHARE
-9 COMNOB /BLOCKL/ VNANE (256)
10 CORNON /BLOCKR/ W,NVARB,NVARB
1" CONNON /BLOCKV/ VARB (256) .
12 DIMENSION IOP(10), PRO (16), PNZ (16), SAVP(60), ARAM(3), AVAL(Q)
13 1 LBR(16)
14 Lo
15 EQUIVALENCE (BY,VARB(31)), (B2, VARB(42))
16 [
17 IP (KAND. BC.18) GO TO 1600
18 GO TO{180,170,400,430,805,860,480), KNHD
19 C COMMANC: RDI RDP CP CI RI PP
20 < .
21 Coee-.READ IRITIAL VALUBS
2? r
23 140 COKTINUE
24 N=IOP (1)
25 READ(LN, 160) (PNO(IY),IY=1,N)
26 160 PORMBAT (86 10.0) ’
27 CALL BPLACE(PNO,PRZ,N)
28 IP (N.EQ.HMB) GO TO 168
29 wua = 41
30 DO 167 I=IDUN, MR
31 PNZ(I) = 0
32 167 PNO(I) = 0
33 168 RETURN
34 C .
35 Coe.=sREAD AND LOAD ADJUSTABLE PARAMETERS
36 [
7 170 CONTYNAR
38 NREAD = ICP(1)
39 175 CORTINOE
40 c
61 Coee-<READ AND LOAD CHANGED PARASETERS
42 TER = 0
43 XDS = (NREAD+3)/4
44 DO 200 I=1,KDS
45 READ(IN,180) (ANAM(K),AVAL(K) ,K=1,0)
a6 180 PORBAT (8 (AS5,P10.0,5X))
47 DO 190 J=1,4
48 NONM = G®(I-1) + J
qe9 CALL PINDNP(ANAN (J),NP)
50 IP (NP.GT.0) GO TO 187
S1 IP (NUM.GT.NREAD) GO TO 210
52 WRITE(6,6950) ANAM (J)
53 WRITE (11,6950) ANAN(J)
b1 6950 PORMAT(*ORARNING®/*+WABNING: THE POLLOWING CHARACTERS DO NOT*,
S5 1 ' PORN A VALID PARANETER NANB: "*,AS,'". PROCESS RESTY,
¥4 3 . WEP KT )
57 IEE = 1
58 GO TO 190
59 187 CONTINUE
60 VARB(NP) = AVAL(J)
61 IF (KMND.BEQ.3) WBITE (6,87S5) VNAME(NP),VARB(KP)
62 190 CONTIWUE -
63 200 CONTINUE
64 210 CORTINUE
65 IP (IER.EQ.1) STOP
66 1P (KMND.EQ.2) CALL RPLACE(VARB,SAVP,NVARB)
67 RETURK
€8 4
69 400 CONTINUE
70 c
Tt Ceses-CHANGE SOME OF THE PARANETERS
72 [
73 WRITE (6,040%)
Ta UNS FABNAT (104444484 NOTE= 45444040)
75 WREAD = IOP(1V)
76 WRITE(6,010) HREAD
7”7 410 PORMAT('0°,Y4,* CHANGED PARANETER(S)--*)
78 G0 T 175
79 (o
80 430 CORTIROR
81 [
82 Coeeea CHANGE AN ELENFET OF THE INITIAL VBCTOR
83 C
84 RREAD = IOP(1)
85 BEAD(S5,840) (J,PNO(J), I=1,NREAD)
86 Q40 POBNAT (3 (IS, B10.0,5I)) ’
87 RETORN
e [
89 445 CONTIRUR

90 [
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Couees REFLACE THE INITIAL VECTOR WITH THE CORRENT SOLUTION VECTOR
c

CALL RPLACE(PN ,PHO,H)

_IP(IOP(1).HFE.O0) CALL RPLACE(PNZ,PNO,N)

REIURN

C
460 CONTINUE

c .
Ceew..PRINT OUT THE ENTIRE SET OF ADJUSTABLE PARANETERS
c
WRITE (6,465)
465 FORMAT (1HO, 'LIST OF ADJUSTABLE PARAMETERS',//)
NK = HVARB / S
DO 470 I=1,8K
J1 =S * (I-1) + 1
J2 =541
FRITE (6,475) (VFANE(J),VARB(J), J=J1,J32)
470 CONTINUE
V1 =5 * K ¢ 1 .
WRITE (6,475) (VYFAME(I),VARB(I),I=NV1,NVAEB)
475 PORMAT (* *,5(AS5,1PE13.4,6X))
RETORN
480 CONTINOE

c
Cee.--PRINT THE INITIAL VECTOR
c
CALL PVEC (PHO,¥,1)
RETURN
1600 CONTINUE

asean'CNT, COMMAND. 18 -- CHANGE W, THE NUNBER OF AGE CLASSES

anNnn no

N = IOP(1)
TP (N.LE. 16.AND.N.GE. 2) RETURN
PRINT 7680, N
7680 PORMAT(®OTAE NUNBER OF AGE CLASSES,*I3,*, IS OUT OP RANGE. EXIT®)
STCE |
END
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SOBROUTINE FINDNP (PARAN,NP)

c
Couwee A SUBROUTIRE POR PINDING THE POSITION HP IR THE

C

C
c
c

PARARETER ARRAY WHICH CORRESPONDS TO THE NANB IN
PARAN. BETORNS NP=-1 IF NAME IR PARAS DOES
HOT MATCH ONE OF THE PABAMETER RAMNES.

REAL*8 VNANME,PARAN

CONNMON /BLOCKN/N, NVARB,MVARB

CONMON /BLOCKL/ VNAME (256)

DO 20 IV=1,NVARB

NE=1V

IP (PARAN.EQ. VNANE(IV)) GO TO 30
20 CONTINUE

NP=-1
30 RETUBN

END



¢
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PLT123

VDR NEWN =

an o0

SUBRROUTIKE PLOTST(IPL,NST)
COMNON /BLOCKP/ NPTS (9)
ir {IPL.EG.0) NST =0

FST = RST + 1 .

BETURN

ENTRY PLTSV(NST,XPLTS)

IF (NPTS(NPLTS).BQ.0) ISEG
ISEG = ISEG ¢ 1

IPREV = NPTS(NPLTS) - 1
IP (ISEG.EQ.1) IPREV = 0
NPTS(NPLTS) = IPREV ¢ NST
RETURN

END

147

=0
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SUBROUTINE PLT123 (I5PH, KPLTSI, NPTSI,IYRS,PSRT,SFT)

CeeweoTHIS SUBROUTINE GENERATES PLOTS OP RELATIVE TOTP VS. TINE

[
[+
C

Lo
C

AND BELATIVE YIELD vS. TINE.

CORNOR /DATA/ YRVAL({101,9,11),TENP (101) ,NCAGS
DINENSION VAL(10T) ,PSET (16) ,ABSIS(16) ,IPAK (120)
DINENSION IYRS (3),FPTSI (9)

Coeowo INITIALIZE VALUES NEEDED POR PLOTTING.

C
C

C
c

200

250

XLOKG = 5.0

YLCHG = 7.5

DO 200 X=1,8PLISI
ABSIS (I) = PSET(Y)
CONTINUE

MAY = 0

nn 280 T=1,HPLTST
IDUE = RPTSI(Y)
MAX = AAXO(MAX,EIDT®
CORTLNUE

MAX = (MAX-1) /S
INARK = NAY / 2

Ceeeoo BEGIN PLOTTING.
C

C

atann

300

400

600

650

1000

CALL BGHPL(T)

IP (IGPA.EQ.2) .

1CALL TITLE ('RELATIVE YIELD vS. TIAES',100,°TINE, YEARSS®,100,
2'RELATIVE YIELD$®,100, XLONG,YLONG)

TP (TGPA. RN @)

1CALL TITLE ('RELATIVE TOTP VS. TINES®,100,'TINE, YEARSS®,100,
2'RELATIVE TOTPS$',100,XLONG,YLONG)

CALL GRAPR(0,MAX,0.5,0.12%)

CALL GRID (2,2)

D0 600 T=1,HPLTSI

IDUM = NPTSI(I)

po 300 K = 1,100M

VAL(K) = YRVAL (K,I,IGPH) / YRVAL(1,1,IGPH)
CONTINUE

CALL MARKER(I)

DO 400 L=1,IDON

TENP(L) = (L-1) * IYRS(I)

CONTINUE

CALL CURVE(TEMP,VAL,IDUM,INAER)

CALL RESET('NARKERY)

CONTIRUE

CALL BESSAG(*SET', 3,2.,8.25)

CALL REALNO(SET,1,2. 55, 8. 25)

CALL HRIGHT(0. 1) L

IDUN = LINEST(IPAR,120,2)

DO 650 I=1,NPLTSI

CALL LINES(' $°,IPAR,I)

CORTINUE

CALL LEGERD(IPAK,NPLTSI,5.25,8.0)

D0 700 I=1,NPLTSI

J = SPLTSI - I + 1

ADD = G. + (I-1) * .12

CALL REALNO(ABSIS(J), 2,5-9,ADD)

CORTINUE

CALL BESSAG(*PRY',3,5.9,ADD+.12)

CALL ENDRL(V)

PRIFT 1000, IGPH,NPLTSI

PORNAT (*ODISSPLA', T2 * COMPLETED -- COHTATHS', I2,' CASES')

L EBD OF PLNTTTHR,

RETURN
ENE

Pad
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SUEROUTIN; PROCDO (RN ND, IOP, HUSDO IN,IAT,REXT,EX, ENTRY,*)
DIMENSION IOP (10}, EX(20)
(o
C
C.ca.o THIS SOBROUTINE PROCESSES 'DO' COMNANDS -- DO,RNDO,REDO,TRA
C

c
KON = KAND=-15
GO TO (1800, 1880, 1920, 2060) , KOM
C CONMAND: DO ENDO REDO TRA
c

[
Caceww *DC* =~ DO AND SAVE THE POLLOWIRG CARDS UNTIL THE ®ENDO® CARD

c
1800 CONTINOE
REWIND 10
aUSDO = 0
PRINT 7730
7730 PORMAT (* OCOMMARD NO. ')
DO 1820 J=1,200
READ(5,7732,ERN=2990) RYX
PRINT 7735,EX
7732 PORMAT (20Ab)
7735 PORMAT (15X,20A0)
WRITE (10,7740) EX
7760 PORMAT (20 A4)
CALL GETCHD(EX (1) ,KAND,£1820)
NUSDO = MUSDO + 1
PRINT 7750, H0SDO
7750 PORNAT(*+1,I6)
1F (KEND. EC.17) GO TO 1840
1820 CONTINOE
1840 CONTINQE .
PRINT 7760, HUSDO
7760 PORMAT(®ODO SECTION IS SAVED. *,I3,* RECOGNIZABLE CONNMANDS.*)
IN = 10
IAT = 0
REWIND 10
RETORN
c
C.....*ENDO*, COMNMAND 17 -- SIGNIPIES THE END OF A DO SECTION
[

1880 CONTINUE
IN =5
PRIKT 7780
7780 FORMAT (* END PROCESSING DO SECTION')
IP (NEXT.LE.0) GO TO 1900
PRINT 7770
WRITE(11,7770)
7770 PORHAT('OPOLLO'ING CARD TO '‘MODIPY DO SECTION WAS NEVER READ.
+*READ NOW WITHOOT EXECUTINC.')
RBAD(S 7732, END=3000) EBX
PRINT 773S5,BX
WRITE(11,773%5) EX
1900 CONTINUE

NEXT = 0

RETORN
C
C....."REDO', COMNAND 18 -- REEXECUTE A DO SECTION
C

1920 CONTINUE
IP (NUSDO.EQ.0) GO TO 1940
I§ = 10
IAT = 0
NEXT = IOP(2)
REVIND 10
RETURN
1940 PRIST 7790
7790 PORMAT('OCANNOT EXECUTE REDO BECAUSE NO DO SECTION EXISTS.',
. 1 ' IGNORE REDO COMNAND.')
RETURN -

C..... *TRA', CONMAND 19 —- TRANSPER OVER SEVERAL IRSTRUCTIONS
TBANSPER DOWN *IO0P(1)* INSTRUCTIONS.

c
2080 CUNTINGE
3 = 10P(V)
Iuasz)J1
DO 2080 I=1
2070 READ(IN, 1732,zun-3000) 34
PRINT 7735,EX
CALL GETCHD(EX(1),KNED,£2070)
IP (KMFD.EC.17) GO TO 2090
2080 CONTINUE
2090 READ(99,7000) ENTRY, IOP
7000 PORMAT (AS,1X,10I5)
IAT = IATJ
RETORN
c
Ce...-ENCOUNTERED END-OF-FILE CARD
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91
92
93
94
95
96
97

2990 PRINT 9000

9000 PORMAT (*OEND OF PILE ENCOURTERED WHILE PROCESSTHG DO SECTION.',.

1 ]

3000 COMTINUR
RETORR 1
ERD

BEXIT. )

150
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SUBROUTINE RPLACE (PN, PHO,N)

é....-THIS'SUBROUTINB IS CALLED WHEN THE MAIN PROGRAR IS PROCESSIENG

C
C
C

nn an

an a0n

100

200
210

490
3800
3900
4000

CARDS.

DIMENSION PN(N),PNO(N)
DO 100 I=1,§

PNO(I) = PN(I)

RETURN

ENTRY RDYRS(INTRY,IROW,NBOWS)

DIBENSION INTRY(1), IROW(1)
NRO®S = 0

DO 200 I=1,6 .
IP{INTRY(I).BQ.0) © TO 210
IROR(I) =INTRY(D)

RRCNS = X :

CONTINUE

RETORN

ENTRY PVEC(VEC,N,K)

DIRENSION VEC(F)

IF (K.EQ.1) PRINT 3800

IP (K. EQ.2) PRYNT 3900

DO 490 I=1,N

IYC = I-1

PRINT 4000, IYC,VEC(I)

CORTINDE

PORNAT (1RO, 'YEAR CLASS  INITIAL VECTOR!/)

FORHAT{1HO,*YEAR CIASS PINAL VECTOR®/)
PORMAT(1H ,3X,13,7X,1PE12.5)

RETORN

END

RO
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SUBROUTINB TABLEB(IROW,PSET,SBT,NIRS)
CONMON /DATA/ YRVAL(101,9,11), TEAP(101), KCHGS

C
CoeasesTHIS SUBROUTINE PRINTS A TABLE: PARANETRIC ANALYSIS OP CALCOULATED

nnnnanan

cn

2
3

VARIABLES POR SBEVERAL VALUES OF AN ADJUSTABLE PARANBTER, E.G., PBY

wee ARAY(I%,I2,13) CONTAINS THE CALCULATED TABLE OUTPUT:
I : RO¥ SUBSCRIPT, YEAR NO.
12 : COLUMN SUBSCRIPT,.POR DIFP*NT VALS OF ADJ PARN
I3: SELECTS OUTPUT VARIABLE

DIMENSION ARAY (6,9,58), COLHD(9),IRON(1) ,PSET(16),LES(3,9) ,RISK(9)
DINENSIOR BC(6,9,7)
DINENSION BCSOB(S5) ,BCDIP (4)
REAL*8 OUTRAZ (&) /*OUTPT®,*REL®,'IMPACT®, *B/C*/
LAEAD(4) / ‘YRS BELY',*D LT °*,*YRS RELN®,*1 LT */
,PER*3/.50/ , CASE/"CASE*/, DIPP/'DIFP'/
EQUIVALENCE (RCOLS,NCHGS)

PER = .75

PRR = .50

ST = .1

NTYPS = &

ROOT = 16

RREL = 7

ROOUT? ROOT + 1

KOUT2 = NOUT & NREL
NYRSP1 = RYRSe+1
LIE = 9

DO 20 I=1,NCHGS
COLHD(I) = PSET(Y)

20 CONTINUE

50

DO 50 I=1,KRONWS
DO 50 J=1,HCOLS

BC(I,J,1) = ARAY(I,J, 18) / ARAY(I,J,19)

BC(I,J,2) = ARAY(I,J,9) * (ARAY(1,J,18)-ARAY(I,J,18))
BC (I,J,3) = BC(,J,2) / (1.04SI)**IROW (I)

BC(I,J,8) = ARAY(1,J,3) - ARAY(L,J,3)

BC(I,J,5) = BC(L,J,4) / (1.04ST)**IROW(I)

BC (I, J,6) = ARAY(IL,J,10) * (BC(1,3,1)-BC(I,J,1))
BC(I,J,7) = BC(L,J,6) / (1.0+SI)**IROW(I)

CONTINOE

WRITE (LIP,55) SET

S5 FORMAT (*1¢,80X,*SET',P5.1/'0", 18X, *PRACTIONAL CHANGE IN SURVIVAL®

60
65

70

80
100
8s

105

107
110

120

150

1

,' PROBABILITY FOR AGE CLASS 0, PRY')

WRITE (LIP,60) (COLHD (I),I=1,NCOLS)

PORMAT ('0°,21X,9(F5.2,7X))

WRITE (LIP,65)

PORAATI11T,.9 YEAR®)

Do 100 KK=1, NOUT

WRITE (LIP,70) OUTHAH (1)

PORNAT (* ', A8)

£o 100 I=1,NROWS

WRITE (LIP,B0) KK,IROW(I),(ARAY(I,J,KK),J=1,NCOLS)
FORBAT (*¢*,I11,'...°,I3,1P9E12.3)

WRITE (LIP,85)

PORMAT (' *)

DO 110 K=2,HTYPS

DO 110 KKR=1,NREL

WRITE (LIP,70) OUTHAN(R)

DO 110 I=1,NROWS

IP (K-EQ.8) GO TO 105

WRITE (LIP,80) KK, IROW (I), (ARAY (I,J,KK+(K-2)*NREL+NOUT) ,

J=1,8COLS)
GO T0 107
CONTINUE .
WHITE (LLP.YV) KRR, LEUW{L}, (BC({1,J,RR},.J1,BLULS)
CONTINUEB

WRITE (LIP,85)

Do 120 J=1,3

00.120 K=1,HCOLS

LES(J,K) = O

DO 120 IYE=1, HYRSP1

IP (YRVAL(IYR,K,J+1), LT. PER*YRVAL(IYR, 1,J+1)} LES(J,K)~LES (J,K)+1
CONTINUE

DO 140 K=1,8COLS

RISK(K) = O.

DO 130 IYR=1,HYRSP1

THE = PER - YRVAL(IYR,K,G)/YRVAL(IYR,1,0)

IF (THP.GT.0.) RISK(K) = RISK(K)+THP

WRITE (LIP,6100) NEAD (1) ,ABAD(2), PBR, (LES(1,J),Jd=1,HCOLS)
WRITE(LIP,6100) HEAD(3),HEAD(8), PER, (LBS(2,J) ,J=1,KCOLS)
WRITE (LIP,6150) PER, (LES(3,J), J=1,NCOLS)

L2
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124
125
126
127
128
129
130
131
132
133
13¢
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
152
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171

173

177
178
179

NnAan
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6100 PORNAT(*0°*,A8,A5,P3.2,9(1I7,5X)) -

6150 PORMAT(®CYRS RELTOTP LT ',P3.2,15,8(5X,I7))
WRITE(LTYP,6200) (RTSK(K),Rs1,RCNLS)

6200 PORMAT(®OINDEX OP RISK®,9P12.2)

RETURN

ENTRY PRETAB(IS,0UTPT, INPACT,REL)

ees-<PRETAB STORES VARIABLES FPOR LATER PRINTING IN SUMMARY TABLE.

220

230

250

1
6610
6630°
6650

32s

6700
350

6001

410

420
625

450

500
6611
6612
6613
6610
6615
6616

REAL®G OUTPT(20) ,IMPACT (20) ,REL (20)

Do 220 I=1,
ARAY (IS, NCOLS, T)

CONTINOE

Do 230 1=1,
ARAY (XS, NCOLS, 16+1)
ARAY (IS, NCOLS, 23+1)

CONTIRUE
NRONS = IS
RETURN

16

7

= DUTPT(Y)

RRL(IL)

ENTRY BCTAE(PSFr,SET,NYRS)

NYRSP1 = NYRS+1

IGC = 9

00 250 I=1,

COLHD(I) =
CONTINUE

NCHGS
PSET(I)

WRITE (I6O,6600) SET -
6600 PORMAT (*1°,27X,'SET',¥?5.1/ *0',10X, *YEARLY BENEPIT/COST ANALYSIS'

)
WRITE (IGO,

66 10)

INPACT ()

PORNAT (*1',15X,'REL YIELD/REL EPPORT')

WRITE (IGO,6630)

WRITE (IGO,

DO 350 1I=1,

11k = I-1

DO 325 J=1,

BCSUB (J) =
BCLIF(J) =

6650)
NYRSP1

NCOLS

(CASB,X=1,NCOLS), (DIPF,I=1,NCOLS)
FORMAT (18 ,1X,*YR*, 1X,9(SX,A4,5K))

(I,I=1,8COLS), (I,I=1,NCOLS)
POBNAT (18 ,4X,9(5X, I4,5X))

YRVAL(I,J,8)

YRVAL(I,J,8)

- YRVAL(L,1,8) -

WRITE (IGO,6700) IYR, {BCSUB(J),J=1,NCOLS), (BCDIP (J),J=1,NCOLS)
FPORNAT (1B ,I8,1P9EIL.6)

CONTINOUE

WRITE (IGO,

6001

FORAAT (1H1)

00 500 K=1,6
SK = K

KR = K/2

SKH = KH

IP (K.EQ.1)
IF (K.EQ.2)
IF (R.EQ.3)
IF (K- EQ.4)
TP (K.EQ.S)
IP (X_-EQ.G)

WRITE (IGO,6630)
¥RITE (IGO,
DO 450 I=1,

IYR = I-1

DO 425 J=1,
IP (SKH.BC. .5%*SK) GO TO 410

WRITE
WRITE
WRITE
WRITE
URITE
¥AITE

(XGo,6611)
(160,6612)
(1G0,6613)
(xGo, 6614)
(160, 6615)
(XGo,6616)

(CASE, I=1,NCOLS), (DIPF,I=1,NCOLS)

6650) (I, I=1,NCOLS), (X,I=1,HCOLS)

NYRSPt

HCOLS

BCSOB(J) = YRVAL(I,J,9+KH)

BCOIP (J) =
GO TO 420
CONTINOE
BCSUB (J)
BCDIF (J)
CORTINUE
COFTIROE

YRVAL(I,J,9+KH)

- YRVAL(I,1,9+KH)

YRYAL(I,J,84KH) / (1.0¢SI)es1
(YRVAL(I, J, 8+Kd)

~ YRVAL(I,1,8+4KH)) / (1.04SI)®eI

WRITE (IG0,6700) IYR,{BCSUB(J),J=1,NCOLS), (BCDIP (J),J=1,HCOLS)

COHETIROR

WRITE (IGO,6007)

CORTINUE

POBMAT (*1¢,10X,*PDI/P (T)* (REL YIELD(0) - REL YIELD(T)")
PORMAT (*1°,5X,*DISCOUNTED BCYR1Y)

POREAT (*1¢,17X,'F (0) - F(T)
FORNAT (¢ 1¢,17X,* DISCOUNTED F(0) = F(T)*)
PORNAT ('1¢,5X,'BCYRS')
PORMAT (*17,5X,'BCYR6')

RBTURR
END

*)
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SUBROUTINE YEARLY (IYRI,TOTP,PN,RCPDE,PRY)
C
Cc

CeeweaTHIS SUBROOTINE IS CALLED BY THE MAIN PROGRAM POR EACH YEAR.
C QUANTITIES ARE STORED POR LATER OUTPUT BY SUBROUTINES TABLE ANWD PLT123.

C
C
. REAL*Q INPACT,IYRCH
DIMENSION PN (16)
CONNOR /BLOCKA/ OUTPT(20), INPACT(20),RBL (20)

connoy /BLOCKY/ YIELD,PTP,CATCH(16),PPH(16),P(16),¥WT(17),JTIB

COBAMON /DATA/ YRVAL(101,9,11),TEHP (101), NCHGS
ALAZY8 = 1850

C

[«

CeeasoSTORE VALUBS IW THE ARBAY YRVAL.

[«

C
YRVAL (IYRIe¢1, NCHGS,1) = PTP
PHVALILYRI¥),NCBGS,2) = YIOLD
YRVAL (LYRI+1,NCHGS,3) = PN(2)
YRVAL (ITRIs+), NCAGS,0) = TOTP
YRYALfIYRI+1,H§CHGS,5) = PH(1)
YRVAL (IYRX+1, NCHCS,6) = PH (16)
YRVAL (IYRY+1, NCHGS,7) = UUTET(7)

(o

c .
Caew.-STORE VALUES IN ARBAY OUTPT.
<

c
OUTPT (1) = TOTP
OUTPT(2) = YIELD
OUTPT (3) = PTPD
OUTPT(4) = PN (1)
OUTPT(S) = PN(2)
OUTPT(6) = PR (16)

[

c

Cevv.-STCRE VALUES IN ARRAY REL.

c

c
REL(1) = TOTP ,/ YRVAL(1,NCHGS,U)
REL(2) = YIELD / YRVAL (1,NCHGS,2)
REL(3) = FTP / YRVALG1,NCHGS, 1)
REL(4) = PH(1) / YRVAL(1,KCHGS,5)
REL(S) = EN(2) / YRVAL (1,KCHGS,3)
REL(6) = PN(16) / YRVAL(1,NCHGS,6)
REL(7) = OUTPT(7) / YRVAL(1,NCHGS,T)

c

c

C...-.-STCRE VALUES IR ARRAY INPACT.

c

c

DO 500 Y=1,7

DIFP = 1. - REL(I)

TP (AAS(NTPP) .IT.1.BE-5) DIFP = Q.

INEACT(I) = ALAZY8

IFP (PRY.NE.O0.) INPACT(I) = DIPP / PRY
500 CONTINOE

RCEDE = ALAZYB

IP (RBL(3).NE.O.) RCPUE = REL(2) / REL(3)
c ) B
c
Ceeawne STCRE YEARLY BENEPIT COST VALOUES IN YRVAL.
c

c
YRYAL (LYRI+1,NCHGS,8) = REL(2) / REL(3)
1r (IYR1.GT.0) GO TO 600
REL2SV = BEL{2)
0U13SV = OUTPT 3)

600 CONTINDE

YRVAL (IYRI+1,NCHGS,9) = OUTPT(Y) * (REL2SV-REL(2))
YRVAL (IYRI#1, NCHGS,10) = OOUT3SV - OUTPT(3)
TRVAL (ITRIY, RUHGS, 1Y) = OOPPT(10) ¢ (YRVAL (1.6CHG 3.0}
1 YRVAL(IYRI#1, HCHGS,B))
RETURN
END

& o
&l

¢

hs

-
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JUDROUTIHE YLDCLC (PH,A,OR,N)

Cese »n SUBROOUTINE POR CALCOLATING THE YIEBLD L -
c

35

CONNOK /BLOCKV/ DUMI (15) ,PNR(16) ,DUN2 (225)

COMNON -/BLOCKY, YIELD,FTP,CATCH (16), FPA(16) ,P(16), u1(|1),ayn
DIBENSION A(MR,1), PR (1)

YIELD=0.0

DO 35 J=2,8

PSOM = FPR(J) + PNA(J)

YIELD = YIELD ¢ UT(J)‘PN(J)‘(1.~BXP(-PSUH))‘(PP!(J)/PSUM
CONTIHNUE -
RETURN

ENT
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SUBROUTIRE YRRON (PN,A,MR,N,TENP)

Cuewes SUBROUTINE POR ADVANCING THE POPULATION VECTOR BY 1 YEAR

C
C

20
30

40

USING MATBIX A

CONMON /BLOCKY/ YIELD, PTP,CATCH (16) ,PFH(16) ,P(16) ,8T(17) ,JTIR
DIMENSION A(MR,1),PN(1),TENP(1)
Nm1=R-1

DO 30 I=1,¥

TENP (I) =0.0

Do 20 J=1,8

TEBP (1) =TEHP (I)+A (I,J) *PH(J)
CONTINOR

CORTIRUE

DO 40 I=1,N

PN (I) =TENP(T)

COSTINUE :

RETORW

END
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BLCCK DATA
CONNON/BLOCKN/N, NVARE, HVARB

DATA NYARB/256/

DATA NVARB/148/, N/1/
END .
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