
0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆
◆

◆
◆

◆

◆ ◆ ◆ ◆
◆

Final population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆
◆

◆

◆

◆

◆
◆

◆
◆

◆

Lowest population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
00

3
0.

00
6

0.
00

9
0.

01
2

0.
01

5

◆

◆

◆
◆

◆

◆ ◆ ◆ ◆ ◆

Average catch

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
05

0.
10

0.
15

0.
20

0.
25

◆ ◆ ◆
◆

◆

◆ ◆ ◆
◆

◆

AAV

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Average population per year

year
0 50 100 150 200 250 300

alpha0.78
alpha0.75
alpha0.72
gamma0.69
gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

5% population per year

year
0 50 100 150 200 250 300

0.
0

0.
02

0.
04

0.
06

Average catch per year

year
0 50 100 150 200 250 300

0.
0

0.
02

0.
04

0.
06

3 sample catch trajectories, method gamma0.69

year
0 50 100 150 200 250 300

T1-D1

Note no SAMBA/12/07
Authors Magne Aldrin

Ragnar Bang Huseby

Date May 9, 2007

Simulation trials 2007 for a
re-tuned Catch Limit
Algorithm

SC/59/RMP4

Magne Aldrin agnar Bang Huseby



The authors
Magne Aldrin is chief research scientist at the Norwegian Computing Center and
has a Ph.D. in statistics from the University of Oslo. Ragnar Bang Huseby is se-
nior research scientist at the Norwegian Computing Center and has a M.Sc. in
mathematics from the University of Oslo.

Norwegian Computing Center
Norsk Regnesentral (Norwegian Computing Center, NR) is a private, indepen-
dent, non-profit foundation established in 1952. NR carries out contract research
and development projects in the areas of information and communication tech-
nology and applied statistical modeling. The clients are a broad range of indus-
trial, commercial and public service organizations in the national as well as the
international market. Our scientific and technical capabilities are further devel-
oped in co-operation with The Research Council of Norway and key customers.
The results of our projects may take the form of reports, software, prototypes,
and short courses. A proof of the confidence and appreciation our clients have
for us is given by the fact that most of our new contracts are signed with previous
customers.



Title Simulation trials 2007 for a re-tuned
Catch Limit Algorithm

Authors Magne Aldrin <magne.aldrin@nr.no>

Ragnar Bang Huseby
<ragnar.bang.huseby@nr.no>

Date May 9, 2007

Publication number SAMBA/12/07

Abstract
The catch limit algorithm (CLA) is a central part of the revised management pro-
cedure (RMP) for whaling developed by the International Whaling Commission
(IWC). The CLA has previously been tuned to a specified final depletion after 100
years of management, based on simulations from a population model with max-
imum sustainable yield (MSY) at 1% of the mature component of the stock (i.e.
MSY Rmature=1%). According to the “old” tuning procedure, median depletion
after 100 years is set to 60%, 66% or 72% of carrying capacity.

In Aldrin, Huseby and Schweder (2006), we presented two new versions of
the CLA, using another tuning parameter than the traditional one, and tuned
to lower levels (0.54 and 0.48 median depletion after 100 years). The two new
versions were compared to the three traditional ones in a set of simulation trials
where MSYR was defined relative to the 1+ population, and results were reported
for time horizons of both 100 and 300 years.

At the meeting of the Scientific Committee of IWC in 2006, the CLA trials
group (IWC 2006) defined a set of required trials that must be run to demonstrate
whether a candidate procedure is an improvement compared to the current ver-
sion of RMP. In these trials MSYR is defined relative to the mature population,
and the time horizon are 100 years.

In this paper we run all these trials for the five versions of the CLA. All results
are presented as specified by the CLA trials group. In addition, some results are
presented in the same way as in Aldrin, Huseby and Schweder (2006) for both
the 100 and the 300 years horizon .

Keywords

Target group

Availability

3

mailto:magne.aldrin@nr.no
mailto:ragnar.bang.huseby@nr.no


Project

Project number

Research field

Number of pages 143

© Copyright Norwegian Computing Center

4 SC/59/RMP4 Simulation trials 07



Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.1 The Catch Limit Algorithm (CLA) . . . . . . . . . . . . . . 8
2.2 Simulation trials . . . . . . . . . . . . . . . . . . . . . 10
2.3 Statistics . . . . . . . . . . . . . . . . . . . . . . . . 13

3 Results of simulation trials . . . . . . . . . . . . . . . . . . 15
3.1 Results of trials in Table 2 . . . . . . . . . . . . . . . . . 15
3.2 Results of response curve trials in Tables 3-6 . . . . . . . . 68
3.3 Additional results of trials in Table 2 with horizon 300 years . . 93

A Appendix Options to the MANTST program . . . . . . . . . . . 140

SC/59/RMP4 Simulation trials 07 5





1 Introduction

The catch limit algorithm (CLA) is a central part of the revised management pro-
cedure (RMP) for whaling developed by the International Whaling Commission
(IWC). The CLA has previously been tuned to a specified final depletion after 100
years of management, based on simulations from a population model with max-
imum sustainable yield (MSY) at 1% of the mature component of the stock (i.e.
MSY Rmature=1%). According to the “old” tuning procedure, median depletion
after 100 years is set to 60%, 66% or 72% of carrying capacity.

In Aldrin, Huseby and Schweder (2006), hereafter called AHS, presented to
the Scientific Committee of IWC 2006, we changed the horizon from 100 to 300
years, allowing the managed population to come closer to a stable level. We also
measured productivity of the stock (MSYR) in terms of the total stock, exclud-
ing calves. Our “new” tuning procedure assumed MSY R1+=1%, and targeted a
given level of depletion after 300 years of management.

In the traditional versions of CLA, a tuning parameter α (or PPROB, see equa-
tion (6) below for an interpretation of this parameter), is varied until the the spec-
ified tuning level is met. In AHS, we used another parameter γ (or PSLOPE, see
equation (5)), as tuning parameter. We defined two new versions of the CLA,
tuned to 0.66 and 0.69 by the “new” tuning procedure. We named the five ver-
sions of the CLA by combining the name of tuning parameter and the tuning
level with the “new” procedure. The “old” and “new” tuning levels for these five
versions the CLA are displayed in Table 1. These results come from Tables 4 and 5
in AHS and Table 7 in the present paper. Note that the alpha.0.75 version by a mis-
take was called alpha0.76 in AHS, with a corresponding error in the “new” tuning
level. The correct “new” tuning level is 0.75 and can be found in the supplemen-
tary material to AHS at http://www.nr.no/~aldrin/whales/allresults.txt .

”Old” “New”
tuning level tuning level
with NY EAR=100 and with NY EAR=300 and

name α γ MSY Rmature=1% MSY R1+=1%
alpha0.78 0.4015 3 0.72* 0.78
alpha0.75 0.4629 3 0.66* 0.75
alpha0.72 0.5222 3 0.60* 0.72
gamma0.69 0.5 4.7157 0.54 0.69*
gamma0.66 0.5 9.3443 0.48 0.66*

Table 1. “Old” and “new” tuning levels for five versions of the CLA, with corresponding lev-
els of α and γ. Numbers with an aterisk are based on >50000 simulations. The remaining
numbers are based on 400 simulations with the standard common sets of seeds.
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AHS also investigated the properties of the five versions of the CLA by simu-
lating a series of scenarios where MSYR was defined relative to the 1+ component
of the population, with respect to yield and stock conservation properties

At the meeting of the Scientific Committee of IWC in 2006, the CLA trials
group (IWC 2006), hereafter called CLA06, defined a set of required trials that
must be run to demonstrate whether a candidate procedure is an improvement
compared to the current version of RMP. In these trials the MSYR is defined rela-
tive to the mature population, and the time horizon is 100 years.

In this paper we run all these trials for the five versions of the CLA given
in Table 1. All results are presented as specified in CLA06. Furthermore, some
results are presented in the same way as in AHS for both the 100 and the 300
years horizon. The aim of this paper is to present the results of the simulation
trials in a way that fulfils the specifications in CLA06. Therefore, we have not
included any discussion or conclusion section in this paper, but hope that the
Scientific Committee finds the results useful for their work.

2 Methods

2.1 The Catch Limit Algorithm (CLA)
The input data to the catch limit algorithm (IWC, 1999, p. 251-258) consists of
a time series of historic annual catches and a time series of absolute abundance
estimates along with their standard errors and correlations on the logarithmic
scale.

The internal population model of the catch limit algorithm is defined by the
following dynamics

P0 =
PT

DT

,

Pt+1 = Pt − Ct + 1.4184 µ Pt(1− (
Pt

P0

)2) (0 ≤ t < T ), (1)

where

· 0 is the first year of recorded catch, and T is the current year of management
(i.e. the first year of an assessment cycle). P0 is regarded as pristine popula-
tion size, and Pt is the population size in numbers at the beginning of year
t,

· Ct is the catch in numbers in year t,

· DT = PT /P0 is the ratio of the population size at the beginning of year T to
the population size at the beginning of year zero, measuring stock depletion,
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· µ is a parameter describing the productivity,

· the historic catch series used in assessments covers years 0 to T − 1.

The abundance estimates are assumed to be log-normally distributed with
a given (estimated) information matrix for the on the log scale. The likelihood
based on the abundance data is

Likelihood(µ, DT , b) ∝ exp
(
−0.5(a− p− β1)

′
H(a− p− β1)

)
(2)

where the symbol ∝ means proportional to, and where

· a is the vector of logarithms of the estimates of population size by year,

· p is the vector of logarithms of the modelled annual population sizes for the
years with population estimates, pt = ln(Pt),

· β is the logarithm of the bias parameter, thus b = exp(β);

· H is the information matrix of the a vector. H is assumed nonsingular, and
V = H−1 is the covariance matrix of the vector a.

The parameters µ, DT , and b are assigned independent uniform prior distri-
butions making their joint prior distribution uniform over the region

[µmin, µmax]× [DT,min, DT,max]× [bmin, bmax], (3)

where µmin, µmax, DT,min, DT,max, bmin, and bmax are chosen constants. We will use
µmin = 0.0, µmax = 0.05, DT,min = 0.0, DT,max = 1.0, bmin = 0.0, and bmax = 1.6667,
which are the values used in the current implementation of the CLA.

A distinctive feature of the CLA is that abundance data are strongly down-
weighted to obtain desired robustness properties. In the internal model, all vari-
ances and covariances of logarithmic abundance estimates are actually multiplied
by 16. The historic catch data are furthermore assumed to be accurate, without
any measurement errors. The posterior density function of the parameters µ, DT ,
and b is therefore

Posterior(µ, DT , b) ∝ Prior(µ, DT , b) · Likelihood(µ, DT , b)s, s = 1/16 (4)

The presence of a deflation parameter 0 < s < 1 down-weights the survey
information relative to a strict Bayesian approach.

The internal catch limit is the following function of µ, DT , and PT :

LT =

0 if DT ≤ IPL

γµ(DT − IPL)PT if DT > IPL
(5)
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where the internal protection level IPL is a control parameter. In this work IPL

is fixed to 0.54. Traditionally, γ = 3. In AHS this parameter was used as a tuning
parameter, whereas α (see below) was fixed to 0.5

The internal catch limit can be regarded as the catch limit in the hypothetical
case of perfect knowledge of population parameters and size. However, in the
Bayesian formalism, LT is regarded as a random variable, with marginal posterior
distribution obtained from the joint posterior distribution of (µ, DT , b). The actual
catch limit z is defined as a certain percentile of its distribution,

P (LT < z|data) ≤ α ≤ P (LT ≤ z|data) (6)

for a given value of the parameter α. Traditionally, α has been used as tuning
parameter.

We use the implementation of the algorithm of the Norwegian Computing
Center (Huseby and Aldrin 2006). This implementation is available from the IWC
secretariat. It is a FORTRAN subroutine called CATCHLIMIT, and the present
version is from January 2006. The parameters α and γ above are input parameters
to the subroutine, and are called IN_PPROB and IN_PSLOPE, respectively. The
accuracy of the algorithm depends on parameters set by the user. We have used
the same parameters values as in AHS.

2.2 Simulation trials
The performance of the five versions of the CLA, defined in Table, 1 is tested
in various scenarios. These simulation trials are performed using the FORTRAN
program MANTST which is available from the IWC secretariat. Our version of
MANTST is based on version 11 (received from the IWC secretariat in January
2005), but modified by Andre Punt to allow for projections of more than 100 years.
The MANTST program has several options, and the options used for the T1-D1
trial are shown in Appendix A.

We ran all trials specified as “Trials required the candidate procedure may be
an improvement over the current version” in CLA06. A subset of the required
trials is given in Table 2. The results from these trials are presented by tables and
time plots over 100 years in Section 3.1. The remaining reqired trials are specified
in Tables 3-6. Some of these are internally redundant or redundant with respect to
some of the trials in Table 2. The corresponding results are presented by response
curve plots (one per line in the tables) in Section 3.2. For each trial, we ran 400
simulations.
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Description Trial
MSY Rmature 1% 1.5% 4.0% 7.0%

T1. Age structured model, maturity 7yrs T1-D1 T1-D1.5 T1-D4 T1-D7
D=Development (initial population size 0.99K)
R=Rehabilitation (initial population size 0.3K) T1-R1 T1-R1.5 T1-R4 T1-R7
R=Sustainable (initial population size 0.6K) T1-S1 T1-S1.5
T2. Survey Bias 0.5 T2-D1 T2-D1.5

T2-R1 T2-R1.5
T3. Survey Bias 1.5 T3-D1 T3-D1.5

T3-R1 T3-R1.5
T3-S1 T3-S1.5

T4. Initial population size P0 = .05K T4-R1 T4-R1.5
T6. Historic catch in error (1/2 true catch) T6-R1 T6-R1.5 T6-R4
T9. Episodic events: 2% chance each year T9-D1 T9-D1.5 T9-D4

that population is halved T9-R1 T9-R1.5 T9-R4
T12A. K doubles over management period T12A-D1 T12A-D1.5 T12A-D4

T12A-R1 T12A-R1.5 T12A-R4
T12A. K halves over management period T12B-D1 T12B-D1.5 T12B-D4

T12B-R1 T12B-R1.5 T12B-R4

Table 2. Overview of trials specified by in Table 1 in CLA06.

Initial population size
MSY Rmature 0.05K 0.1K 0.2K 0.3K 0.4K 0.5K
1 T4-R1 * * T1-R1 * *
1.5 T4-R1.5 * * T1-R1.5 * *
4 * * * T1-R4 * *

Table 3. Response curve trials with an initial population size (depletion level) ranging from
0.05K to 0.5K. Trials without specific names are marked with an asterisk.

Initial population size
MSY Rmature 0.05K 0.2K 0.4K 0.6K 0.8K 0.99K
1 T4-R1 * * T1-S1 * T1-D1
1.5 T4-R1.5 * * T1-S1.5 * T1-D1.5
4 * * * T1-S4 * T1-D4

Table 4. Response curve trials with an initial population size (depletion level) ranging from
0.05K to 0.99K. Trials without specific names are marked with an asterisk.
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Reported catch
MSY Rmature Init. pop. 100% Ct 80% Ct 60% Ct 40% Ct 20% Ct 1% Ct

1 0.3K T1-R1 * * * * *
1 0.6K T1-S1 * * * * *
1 0.99K T1-D1 * * * * *
1.5 0.3K T1-R1.5 * * * * *
1.5 0.6K T1-S1.5 * * * * *
1.5 0.99K T1-D1.5 * * * * *
4 0.3K T1-R4 * * * * *
4 0.6K T1-S4 * * * * *
4 0.99K T1-D4 * * * * *

Table 5. Response curve trials with a reported catch ranging from 100% Ct to 1%Ct.
Trials without specific names are marked with an aterisk.

Positive bias
MSY Rmature Init. pop. 1.0 (No bias) 1.2 1.4 1.6 1.8 2.0
1 0.3K T1-R1 * * * * *
1 0.6K T1-S1 * * * * *
1 0.99K T1-D1 * * * * *
1.5 0.3K T1-R1.5 * * * * *
1.5 0.3K T1-S1.5 * * * * *
1.5 0.3K T1-D1.5 * * * * *
4 0.3K T1-R4 * * * * *
4 0.6K T1-S4 * * * * *
4 0.99K T1-D4 * * * * *

Table 6. Response curve trials with a positive bias ranging from 1 (no bias) to 2. Trials
without specific names are marked with an asterisk.
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2.3 Statistics
CLA06 also specifies the statistics to be calculated. Catches are scaled by the ini-
tial carrying capacity. Population sizes are scaled by the initial carrying capacity
except in trials where K varies (T12 trials) and in trials with episodic events (T9
trials). In these cases Pt and Pmin are scaled by what the population size had been
if no catch was taken in the management period. The T9 trials are not mentioned
in CLA06, but in previous specifications (IWC, 1992, p. 317-318) the T9 trials are
also scaled by the no-catch population size. Therefore we follow this specification
here. All statistics are computed by version 9 of the MANRES program (received
from Andre Punt in January 2006).

1. Total catch distribution

· median of the 400 simulations (average of 200th and 201st value)

· 5% value (20th)

· 95% value (381st)

· mean

2. Final population size

· median

· 5% value

· 95% value

3. Lowest minimum population over 100 years distribution

· median

· 5% value

· lowest (1st) value

4. Average annual catch variation (AAV)

AAV = {
400∑
i=1

98∑
t=0

|Ci,t+1 − Ci,t|}/{
400∑
i=1

98∑
t=0

Ci,t}, (7)

where Ci,t is the catch in year t for simulation number i.

5. Continuing catch distribution, as defined in CLA06.

· median

· 5% value

· 95% value
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6. RPL=realised protection level=lowest stock size for which a catch is set

· median

· 5% value

7. RR=relative recovery=stock level in the year when the zero catch trajectory
reaches 54%

· median

· 5% value
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3 Results of simulation trials

The results are divided into three parts. Section 3.1 displays the results of the
trials in Table 2 in form of tables and trajectory plots. The results of the response
curve trials are plotted in Section 3.2. Both these Sections present results for a time
horizon of 100 years. Finally, Section 3.3 shows results from the trials in Table 2
for a horizon of 300 years, comparing them with the corresponding results for 100
years.

3.1 Results of trials in Table 2
The results of the trials in Table 2 for a time horizon of 100 years are given in
Table 7, as requested in CLA06. The results for the CLA-version alpha.0.78 with
α = 0.4015 are very similar to the results in Allison (2002), who used α = 0.4020.

Figures 1-43 gives trajectory plots for the mean, 5% and 95% of the population
size, and the mean and the two first simulations of the catches, as specified in
CLA06.
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Figure 1. Trial T1-D1. Base case. Population (left) and catch (right) trajectory (left) for the
five versions of CLA.
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Figure 2. Trial T1-D1.5. Base case.
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Figure 3. Trial T1-D4. Base case.
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Figure 4. Trial T1-D7. Base case.
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Figure 5. Trial T1-R1. Base case.
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Figure 6. Trial T1-R1.5. Base case.
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Figure 7. Trial T1-R4. Base case.
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Figure 8. Trial T1-R7. Base case.
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Figure 9. Trial T1-S1. Base case.
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Figure 10. Trial T1-S1.5. Base case.
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Figure 11. Trial T2-D1. 50% negative bias in abundance estimates.
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Figure 12. Trial T2-D1.5. 50% negative bias in abundance estimates.
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Figure 13. Trial T2-R1. 50% negative bias in abundance estimates.
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Figure 14. Trial T2-R1.5. 50% negative bias in abundance estimates.
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Figure 15. Trial T3-D1. 50% positive bias in abundance estimates.
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Figure 16. Trial T3-D1.5. 50% positive bias in abundance estimates.
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Figure 17. Trial T3-R1. 50% positive bias in abundance estimates.
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Figure 18. Trial T3-R1.5. 50% positive bias in abundance estimates.
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Figure 19. Trial T3-S1. 50% positive bias in abundance estimates.
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Figure 20. Trial T3-S1.5. 50% positive bias in abundance estimates.
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Figure 21. Trial T4-R1. Initial depletion 0.05K.
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Figure 22. Trial T4-R1.5. Initial depletion 0.05K.
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Figure 23. Trial T6-R1. Reported historic catch = 50% of the true catch.
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Figure 24. Trial T6-R1.5. Reported historic catch = 50% of the true catch.
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Figure 25. Trial T6-R4. Reported historic catch = 50% of the true catch.
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Figure 26. Trial T9-D1. Episodic events; (Rate = 0.02).
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Figure 27. Trial T9-D1.5. Episodic events; (Rate = 0.02).
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Figure 28. Trial T9-D4. Episodic events; (Rate = 0.02).
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Figure 29. Trial T9-R1. Episodic events; (Rate = 0.02).
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Figure 30. Trial T9-R1.5. Episodic events; (Rate = 0.02).
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Figure 31. Trial T9-R4. Episodic events; (Rate = 0.02).
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Figure 32. Trial T12A-D1. Linear increase in K from K0 to 2 ·K0 after 100 years.
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Figure 33. Trial T12A-D1.5. Linear increase in K from K0 to 2 ·K0 after 100 years.
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Figure 34. Trial T12A-D4. Linear increase in K from K0 to 2 ·K0 after 100 years.
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Figure 35. Trial T12A-R1. Linear increase in K from K0 to 2 ·K0 after 100 years.

SC/59/RMP4 Simulation trials 07 59



P
/K

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Year

alpha.0.78, Old TL = 0.72

mean population
5% / 95% population

C
/K

0 20 40 60 80 100

0.
0

0.
00

5
0.

01
5

Year

alpha.0.78, Old TL = 0.72

mean catch
1. simulated catch
2. simulated catch

P
/K

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Year

alpha.0.75, Old TL = 0.66

C
/K

0 20 40 60 80 100

0.
0

0.
00

5
0.

01
5

Year

alpha.0.75, Old TL = 0.66

P
/K

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Year

alpha.0.72, Old TL = 0.60
C

/K

0 20 40 60 80 100

0.
0

0.
00

5
0.

01
5

Year

alpha.0.72, Old TL = 0.60

P
/K

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Year

gamma.0.69, Old TL = 0.54

C
/K

0 20 40 60 80 100

0.
0

0.
00

5
0.

01
5

Year

gamma.0.69, Old TL = 0.54

P
/K

0 20 40 60 80 100

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Year

gamma.0.66, Old TL = 0.48

C
/K

0 20 40 60 80 100

0.
0

0.
00

5
0.

01
5

Year

gamma.0.66, Old TL = 0.48

T12A-R1.5

Figure 36. Trial T12A-R1.5. Linear increase in K from K0 to 2 ·K0 after 100 years.
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Figure 37. Trial T12A-R4. Linear increase in K from K0 to 2 ·K0 after 100 years.
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Figure 38. Trial T12B-D1. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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Figure 39. Trial T12B-D1.5. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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Figure 40. Trial T12B-D4. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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Figure 41. Trial T12B-R1. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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Figure 42. Trial T12B-R1.5. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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Figure 43. Trial T12B-R4. Linear decrease in K from K0 to 0.5 ·K0 after 100 years.
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3.2 Results of response curve trials in Tables 3-6
In this Section, the results of the trials specified in Tables 3-6 are shown as re-
sponse curves plots in Figures 44-67, as requested in CLA06. In addition, the re-
sults may be downloaded in tabular form from
http://www.nr.no/~aldrin/whales/ResponseCurveTrialsResults2007.pdf.
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Figure 44. Sample response curves. The horizontal dashed line in the Relative Recovery
panel denotes the 0.54 K level.
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Figure 45. Sample response curves.
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Figure 46. Sample response curves.
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Figure 47. Sample response curves.
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Figure 48. Sample response curves.
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Figure 49. Sample response curves.

74 SC/59/RMP4 Simulation trials 07



Total Catch Final size Lowest size

Rel.Recovery AAV

RPL Cont.Catch

0.5

1

1.5

2

2.5

0.2 K

0.4 K

0.6 K

0.8 K

K

0.2 K

0.4 K

0.6 K

0.8 K

K

0.5 K

K

0.1

0.2

0.5 K

K

0.5

1

A
B

C
D

E
F

A
B

C

D

E

F

A B C D E F

A B C D E
F

A
B

C
D E F

A B C
D E F

A
B

C
D

E F

alpha.0.78, Old TL = 0.72

Total Catch Final size Lowest size

Rel.Recovery AAV

RPL Cont.Catch

0.5

1

1.5

2

2.5

0.2 K

0.4 K

0.6 K

0.8 K

K

0.2 K

0.4 K

0.6 K

0.8 K

K

0.5 K

K

0.1

0.2

0.5 K

K

0.5

1

A
B

C
D

E F

A
B

C

D

E

F A B C D E F

A B C D E F
A

B
C

D E F

A B C D E F

A
B

C
D

E F

alpha.0.75, Old TL = 0.66

Total Catch Final size Lowest size

Rel.Recovery AAV

RPL Cont.Catch

0.5

1

1.5

2

2.5

0.2 K

0.4 K

0.6 K

0.8 K

K

0.2 K

0.4 K

0.6 K

0.8 K

K

0.5 K

K

0.1

0.2

0.5 K

K

0.5

1

A
B

C
D

E F

A

B
C

D

E
F

A B C D E
F

A B C D E F
A

B
C

D E F

A B C D E F

A
B

C
D

E F

alpha.0.72, Old TL = 0.60

Total Catch Final size Lowest size

Rel.Recovery AAV

RPL Cont.Catch

0.5

1

1.5

2

2.5

0.2 K

0.4 K

0.6 K

0.8 K

K

0.2 K

0.4 K

0.6 K

0.8 K

K

0.5 K

K

0.1

0.2

0.5 K

K

0.5

1

A
B

C
D

E F

A

B

C

D

E
F

A B C
D

E
F

A B C D E F

A
B

C
D E F

A B C D E F
A

B C
D E F

gamma.0.69, Old TL = 0.54

Total Catch Final size Lowest size

Rel.Recovery AAV

RPL Cont.Catch

0.5

1

1.5

2

2.5

0.2 K

0.4 K

0.6 K

0.8 K

K

0.2 K

0.4 K

0.6 K

0.8 K

K

0.5 K

K

0.1

0.2

0.5 K

K

0.5

1

A
B

C
D E F

A

B

C

D

E
F

A B
C

D
E

F A
B

C D E F

A
B

C
D E F

A B C D E F
A B C D E F

gamma.0.66, Old TL = 0.48

MSYRmature = 1%, Init. pop = 0.3K, Reported catch ranging from 100% to 1%.

Figure 50. Sample response curves.
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Figure 51. Sample response curves.
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Figure 52. Sample response curves.
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Figure 53. Sample response curves.
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Figure 54. Sample response curves.
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Figure 55. Sample response curves.
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Figure 56. Sample response curves.
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Figure 57. Sample response curves.
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Figure 58. Sample response curves.
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Figure 59. Sample response curves.
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MSYRmature = 1%, Init. pop = 0.6K, Bias ranging from 1 (no bias) to 2.

Figure 60. Sample response curves.
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MSYRmature = 1%, Init. pop = 0.99K, Bias ranging from 1 (no bias) to 2.

Figure 61. Sample response curves.
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Figure 62. Sample response curves.
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Figure 63. Sample response curves.
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Figure 64. Sample response curves.
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Figure 65. Sample response curves.
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Figure 66. Sample response curves.
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Figure 67. Sample response curves.
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3.3 Additional results of trials in Table 2 with horizon 300 years
So far, we have only reported results for the first 100 years of simulation, as re-
quested in CLA06. However, we have in fact run the simulations for 300 years.
Here, we will report the results for all trials in Table 2 by figures similar to those
presented by AHS. There are some important differences from the way the results
were presented in Section 3.1:

· All quantities are calculated based on the first 100 and the next 200 years of
each simulation.

· We report results for the final population size (final depletion), average catch,
lowest population and average annual catch variation.

· Note that we report the average (per year) catch instead of the total catch,
such that the catch in the last 200 years more easily can be compared to the
catch the first 100 years.

· The definition of the average annual catch variation is slightly different from
Equation (7), with a specific value for each simulation given by

AAV a
i = {

98∑
t=0

|Ci,t+1 − Ci,t|}/{
98∑

t=0

Ci,t} (8)

for the first 100 years, and by

AAV a
i = {

298∑
t=100

|Ci,t+1 − Ci,t|}/{
298∑

t=100

Ci,t} (9)

for the next 200 years. Then the median, 5% value and 95% value over the
400 simulations are calculated.

· Population sizes are always scaled by the initial carrying capacity. Note that
this also applies to the T-9 and T-12 trials, because this scaling may be of
interest in addition to the scaling by the no-catch population used in previous
sections (at least for the T-12 trials), and because this is the scaling used in the
corresponding figures in AHS.

· For the lowest population we calculate the lowest, 5%, 10%, 25%, median
and 95% values.

The results presented here are computed by a computer program we have
made ourselves. It gives answers identical to the ones from the MANRES pro-
gram for all quantities that are calculated in both programs.

The results from each trial are shown separately in the upper four panels of
Figures 68 to 110. In each panel of the figures, the results for the first 100 and the
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next 200 years are presented pairwise for each version of CLA, with the former to
the left and the latter to the right. The various summary statistics are represented
by the following symbols:

· The median is shown as a diamond.

· The 90% interval between the 5% and 95% values is represented by a vertical
line.

· The lowest, 10% and 25% values for the lowest population are marked by
three short horizontal lines.

The next three panels in each figure show time series of year-specific sum-
mary statistics for each version of CLA. The three statistics are the average pop-
ulation, 5% population level, and average catch. The final panel in each figure
shows catch trajectories for three individual simulations with catch quotas set by
the gamma0.69 version, from the first three of the standard common sets of seeds.

Note that the scale on the y-axis for the population panels is usually between 0
and 1, except for the T12A trials, where the upper limits is 2. In the figures for the
T12A and T12B trials, the year-specific K is marked by a separate line. The scale
for AAV is the same in all figures. The scale on the y-axes for the catch panels
may vary within and between figures.
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Figure 69. Trial T1-D1.5. Base case.
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Figure 70. Trial T1-D4. Base case.
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Figure 71. Trial T1-D7. Base case.
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Figure 72. Trial T1-R1. Base case.
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Figure 73. Trial T1-R1.5. Base case.
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Figure 74. Trial T1-R4. Base case.
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Figure 75. Trial T1-R7. Base case.
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Figure 76. Trial T1-S1. Base case.
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Figure 77. Trial T1-S1.5. Base case.
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Figure 78. Trial T2-D1. 50% negative bias in abundance estimates.
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Figure 79. Trial T2-D1.5. 50% negative bias in abundance estimates.

106 SC/59/RMP4 Simulation trials 07



0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

Final population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆ ◆ ◆ ◆ ◆

◆ ◆ ◆ ◆ ◆

Lowest population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
00

05
0.

00
15

0.
00

25

◆ ◆

◆ ◆
◆◆

◆

◆
◆

◆

Average catch

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
05

0.
10

0.
15

0.
20

0.
25

◆

◆

◆

◆

◆

◆
◆ ◆

◆
◆

AAV

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Average population per year

year
0 50 100 150 200 250 300

alpha0.78
alpha0.75
alpha0.72
gamma0.69
gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

5% population per year

year
0 50 100 150 200 250 300

0.
0

0.
00

05
0.

00
10

0.
00

15

Average catch per year

year
0 50 100 150 200 250 300

0.
0

0.
00

05
0.

00
10

0.
00

15

3 sample catch trajectories, method gamma0.69

year
0 50 100 150 200 250 300

T2-R1

Figure 80. Trial T2-R1. 50% negative bias in abundance estimates.
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Figure 81. Trial T2-R1.5. 50% negative bias in abundance estimates.
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Figure 82. Trial T3-D1. 50% positive bias in abundance estimates.
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Figure 83. Trial T3-D1.5. 50% positive bias in abundance estimates.
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Figure 84. Trial T3-R1. 50% positive bias in abundance estimates.
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Figure 85. Trial T3-R1.5. 50% positive bias in abundance estimates.
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Figure 86. Trial T3-S1. 50% positive bias in abundance estimates.
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Figure 87. Trial T3-S1.5. 50% positive bias in abundance estimates.
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Figure 88. Trial T4-R1. Initial depletion 0.05K.
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Figure 89. Trial T4-R1.5. Initial depletion 0.05K.
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Figure 90. Trial T6-R1. Reported historic catch = 50% of the true catch.

SC/59/RMP4 Simulation trials 07 117



0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆

◆

◆

◆

◆

◆

◆

◆

◆ ◆

Final population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

◆ ◆ ◆ ◆
◆

◆

◆

◆

◆
◆

Lowest population

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
00

2
0.

00
4

0.
00

6
0.

00
8

0.
01

0

◆

◆

◆
◆

◆

◆

◆ ◆
◆

◆

Average catch

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
05

0.
10

0.
15

0.
20

0.
25

◆ ◆ ◆
◆

◆

◆ ◆ ◆
◆

◆

AAV

alpha0.78 alpha0.75 alpha0.72 gamma0.69 gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

Average population per year

year
0 50 100 150 200 250 300

alpha0.78
alpha0.75
alpha0.72
gamma0.69
gamma0.66

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

5% population per year

year
0 50 100 150 200 250 300

0.
0

0.
00

2
0.

00
4

0.
00

6
0.

00
8

0.
01

0

Average catch per year

year
0 50 100 150 200 250 300

0.
0

0.
00

2
0.

00
4

0.
00

6
0.

00
8

0.
01

0

3 sample catch trajectories, method gamma0.69

year
0 50 100 150 200 250 300

T6-R1.5

Figure 91. Trial T6-R1.5. Reported historic catch = 50% of the true catch.
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Figure 92. Trial T6-R4. Reported historic catch = 50% of the true catch.
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Figure 93. Trial T9-D1. Episodic events; (Rate = 0.02).
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Figure 94. Trial T9-D1.5. Episodic events; (Rate = 0.02).
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Figure 95. Trial T9-D4. Episodic events; (Rate = 0.02).
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Figure 96. Trial T9-R1. Episodic events; (Rate = 0.02).
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Figure 97. Trial T9-R1.5. Episodic events; (Rate = 0.02).
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Figure 98. Trial T9-R4. Episodic events; (Rate = 0.02).
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Figure 99. Trial T12A-D1. Linear increase in K from K0 to a constant level of 2 ·K0 after
100 years.
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Figure 100. Trial T12A-D1.5. Linear increase in K from K0 to a constant level of 2 · K0

after 100 years.
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Figure 101. Trial T12A-D4. Linear increase in K from K0 to a constant level of 2 ·K0 after
100 years.
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Figure 102. Trial T12A-R1. Linear increase in K from K0 to a constant level of 2 ·K0 after
100 years.
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Figure 103. Trial T12A-R1.5. Linear increase in K from K0 to a constant level of 2 · K0

after 100 years.
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Figure 104. Trial T12A-R4. Linear increase in K from K0 to a constant level of 2 ·K0 after
100 years.
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Figure 105. Trial T12B-D1. Linear decrease in K from K0 to a constant level of 0.5 · K0

after 100 years.
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Figure 106. Trial T12B-D1.5. Linear decrease in K from K0 to a constant level of 0.5 ·K0

after 100 years.
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Figure 107. Trial T12B-D4. Linear decrease in K from K0 to a constant level of 0.5 · K0

after 100 years.
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Figure 108. Trial T12B-R1. Linear decrease in K from K0 to a constant level of 0.5 · K0

after 100 years.
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Figure 109. Trial T12B-R1.5. Linear decrease in K from K0 to a constant level of 0.5 ·K0

after 100 years.
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Figure 110. Trial T12B-R4. Linear decrease in K from K0 to a constant level of 0.5 · K0

after 100 years.
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A Appendix Options to the MANTST program

Several options to the MANTST program are specified in an input file called
COPY.DAT. The content of this file T1-D1 trial (base case) is shown below, folloved
by an explanation of most of the paramaters, extracted from the computer code.

Content of COPY.dat:

MANAGEMENT PARAMETERS CASE: T1-D1

RANDOM PARAMETERS OPTION OPTRAN 0

VARIABLE BIAS OPTION OPTB 0

REPORTED CATCH OPTION OPTC 0

PRODUCTION MODEL OPTION OPTMOD 5

STOCHASTICITY OPTION OPTDET 0

SURVEY COSTS OPTION OPTSUR 0

No. OF TRIALS NTRIAL 400

No. OF YEARS IN SIMULATION NYEAR 300

No. OF YEARS OF PREMANAGEMENT CATCH NPCAT 30

YEARS OF PREMANAGEMENT PROTECTION NPPROT 0

TRUE MSYL(1) MSYL 0.60

TRUE MSY RATE(1) MSYR1 0.010000

PREMANAGEMENT DEPLETION (1) DEPL 0.9900

CHANGING K OPTION K99 0.000

CHANGING MSYR OPTION MSYR99 0.000

CHANGING MSYR STEP ISTEP 0

MATURITY PARAMETER MAT1 7.00

MATURITY SIGMA MSIG 1.20

RECRUITMENT PARAMETER REC1 7.00

RECRUITMENT SIGMA RSIG 1.20

MORTALITY PARAMETER 1 MORT1 0.04

MORTALITY PARAMETER 2 MORT2 0.07

MORTALITY FUNCTION MORTIP -1

MAXIMUM AGE MAXAGE 20

EPIDEMIC RATE ERATE 0.00

COMPONENTS (0=EXPLOITABLE; 1=TOTAL1+; 2=MATURE)

MSYR COMPONENT OPTF 2
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MSYL COMPONENT OPTMSYL 2

DENSITY-DEPENDENT COMPONENT OPTDD 2

FREQUENCY OF ABUNDANCE ESTIMATES IFREQ 5

YEAR OF LAST SURVEY ENDSUR 300

YEAR CV CHANGES IYRCV 300

BIAS IN ABUNDANCE ESTIMATES BIAS0 1.0

CV OF CV ESTIMATES (1st) CV1EST 0.20

PROCESS ERROR PARAMETER ETA 1.00

MINIMUM No. OF DEGREES OF FREEDOM DOFMIN 5.00

DEPLETION (0:SINGLE VALUE;1:READ IN) OPTDPL 0

DEPLETION FILE DEPL99.CSV

Explanation of parameters:

Population parameters, common to all population models:

NTRIAL Number of trials.

NYEAR Number of years of management.

NPCAT Number of years of the (constant) premanagement catch.

Read in or if OPTRAN=1 a random value from U[15,45] used.

NPPROT Number of years of premanagement protection. Read in.

MSYL MSY Level. Read in.

MSYR1 Initial MSY rate used to set A. Read in or if OPTRAN=1 a

random value from U[.001,.05] is generated for each trial.

If OPTMOD=4 then the value read in = MSY/1+ population at

MSYL, and the true MSYR is calculated in SMSYR.

DEPL Depletion level in year 0, =PTRUE(0)/K. Used to set K.

Read in or if OPTRAN=1 a random value from U[.01,.99] used.

ERATE Rate at which epidemics occur. AGE STRUCTURED MODEL ONLY

If epidemics occur, SUR is reduced after year 0

P-T model parameters: (OPTMOD<2)

M Mortality rate. Read in.

TM Age of maturity. Read in

K99 If K99>0 then there is a linear change in K

from K1 in year KYEAR to K1*K99 in year NYEAR-1

If K99=-1: K cyclic, starting min; K99=-2: K cyclic, starting max

KYEAR If K99>0 then K varies linearly from years KYEAR to NYEAR-1

ISTEP MSYR changes every ISTEP years, P-T model only. Usually=0.
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MSYR99 If MSYR99 > 0 then there is a linear change in MSYR

from MSYR1 in year MSYRYR to MSYR1*MSYR99 in NYEAR-1

MSYRYR If MSYR99>0 then MSYR varies linearly from year MSYRYR to NYEAR-1

Survey estimate parameters:

BIAS0 Initial bias in absolute abundance estimates

IFREQ Frequency with which absolute abundance estimates made.

1st survey made in year -1. If IFREQ=5 the 2nd is in year 4

If IFREQ=-1, time to next estimate generated from U[1,9]

If OPTSUR=1 survey costs taken into account & IFREQ ignored

ENDSUR Year after which no surveys take place. Read in.

CV1EST value of CV(est) when P=0.6K. CV(est) = CV of CVX. Read in.

IYRCV Year (if any) when CV(est) changes from CV1EST to CV2EST. Read in.

DOFMIN Minimum number of degrees of freedom in chi-square distribution

ETA Process error parameter. If ETA = 0 there is no process error.

OPTIONS --------------------------------------------------------------

OPTRAN Option determining use of random parameters and seeds:

0: No random parameters; Use a new seed for each replicate

1: MSYR1, NPCAT (& INITYR) & DEPL generated for each trial.

2: The random number generators are NOT reseeded (factorial expt.)

IRAN defines the inital seeds.

3: New seeds are generated (tuning trial)

OPTB Option controlling bias 0: Constant

1: Linear, doubles 2: Linear, decreases by 1/3 eg 1.5 -> 1.0

OPTC Defines reported premanagement catch (i.e. as reported to

the management procedure).

0: True catch (CATERR=1)

1: Catch in error; true catch & depletion = base case values

2: Catch in error; reported catch & PTRUE(0) = base case values

OPTMOD Sets the population model

0: Standard Pella Tomlinson

1: P-T with maximum recruitment limitation

2: Tent Model (constant MSYR only)

3: Age structured, maturity = recruitment [base case]

4: Age structured, differing ages of maturity & recruitment

with MSY / 1+ population at MSYL = base case ratio

5: Age structured with MSYL, MSYR and density-dependent

components entered
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OPTDPL Specifies whether depletion changes among simulations (not randomly)

0: Constant depletion

1: Depletion read-in

OPTDET Set on deterministic run 0: stochastic 1:deterministic

OPTSUR Survey control option 0: none

1: Survey costs taken into account
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