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Abstract

This document is intended as a tutorial to assist the first users of the ADAPT software. The
ADAPTive Framework uses a non-linear least-squares fit to calibrate a virtual population analysis
against independent indices of abundance. The tutorial explores the functions available to carry
out stock forecasts and analyses of the risks associated with various scenarios. Risk analyses can
be based on variance estimates from analytical approximations or bootstrap. The risks are expressed
in relation to three fisheries management parameters: 1) a relative change in spawning stock biomass,
2) an absolute spawning stock biomass level (e.g. a limit biomass reference points) or 3) a given
exploitation level.

Introduction

This document is intended as a tutorial for the use of the ADAPTive Framework (ADAPT) software and, in
particular, for the functions related to catch projections and risk analysis. As such, this document complements
the ADAPT User's Guide (Gavaris, 1999).

The tutorial for the estimation of population abundance (Rivard and Gavaris, 2000; see also Rivard and Gavaris
in this publication) should be done first to develop an understanding of the procedures available for obtaining
abundance estimates and their statistical properties. From these, the ADAPT software allows deterministic
projections and evaluation of risks associated with alternative catch quota options.

Deterministic projections make forecasts of stock characteristics from the point estimates of stock abundance
for fishery scenarios that you specify. Risk evaluations make forecasts using the point estimates as well as
accounting for their uncertainty. The statistical properties can either be obtained analytically, or through a
bootstrap procedure. References on approaches used to measure uncertainty were provided in Rivard and Gavaris
(2000).

The uncertainty in the estimation of model parameters is translated into risk of alternative management actions
as described in Gavaris and Sinclair (1998). These uncertainties are conditioned on the set of assumptions used
in the analyses. Though these assumptions might be deemed most suitable, there may be other plausible
assumptions. These calculations do not include uncertainty due to variations in weight at age, partial recruitment
to the fishery and natural mortality, or systematic errors in data reporting and model mismatch. The fact that
uncertainty associated with making a choice among competing assumptions and models is not incorporated
must be considered when making management decisions. Use of relative measures, such as change in biomass,
rather than absolute quantities such as biomass should be more reliable. Accordingly, these risk evaluations are
suited for short-term projections where the assumed model may be adequate and the largest source of uncertainty
is associated with the point estimates of population abundance. A brief description of the projection model and
algorithms used in risk analyses is provided in Annex I.
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Preparing your data using the spreadsheet template (ADAPT Template.xls)

The spreadsheet "ADAPT Template.xIs" provides placeholders for your entries for catch projection and risk
analysis. The template also provides a means to display your results in a graphical form. It includes some data
validation and has been formatted to allow easy copying between Excel (Microsoft Corporation, WA, USA) and
ADAPT.

For this tutorial, data have been pre-assembled in the spreadsheet "ADAPT Tutorial — Forecast.xIs". Load this
spreadsheet now and inspect its content to gain some familiarity with its design. This data corresponds to the
gadoid (saithe) stock used in the tutorial on estimation of population abundance (Rivard and Gavaris, 2000).

Loading ADAPT

Activate ADAPT V2.1 from the Windows (Microsoft Corporation, WA, USA) Start/Program Menu or as indicated
in the installation guide. In a typical installation, the ADAPT program can be activated from the Start/Program
Menu or by typing the following in the Start/Run Box:

C:/aplwr20/aplwr.exe C:/adapt2 1/ADAPT. W3 6000000
The directories leading to the files ap/wr.exe and ADAPT. W3 should match those of your installation.

Data Input (ADAPT Tutorial — Forecast.aw2)

For the purpose of this tutorial, data input, model specification and estimation has already been done and the
ADAPT work file saved as "ADAPT Tutorial — Forecast.aw2". Open this file now and inspect its content. You
will see that the information on catch at age and on the four tuning indices has already been provided, and that
the VPA formulation has been specified and that the estimation has already been carried out. You are thus
ready to proceed with the projections.

Deterministic projections

Deterministic projections use the point estimates of population abundance as a starting point for stock forecasts.
The fishery scenarios can be specified either by providing a quota or a fishing mortality level for each year of
the projection horizon. The sheet "Forecast" in the Excel-Template can be used to prepare your scenarios (see
table 1). The sheet uses the input information for ADAPT, as well as the estimates of stock abundance and
fishing mortality to suggest "defaults" for your scenarios. The defaults are based on long-term averages; adjust
the entries as necessary.

1. In ADAPT

2. Select "Compute".

3. Select "Analytical".

4. Select "Project bias adjusted". Note that this option is active only when statistics and bias
corrections have been computed. You will be provided with a menu to describe the scenario for
your forecast.

5. Inthe box labeled "Enter subsequent years for projection", enter "1996 1997" (without the quotes).

6. In the box labeled "Enter abundance at age 1 for 1996 1997", enter 25000 25000.

7. In the box labeled "Enter quota (biomass) or fishing mortality for 1995 1996", enter "0.2 0.2"
(without the quotes). The values "0.2" indicate that you want to make projections using a fishing
mortality of 0.2 in each year. NOTE than an entry larger than 2 is interpreted as a quota, while
an entry less than 2 is interpreted as a fishing mortality.

8. The next entries for your projection scenario have to come from Excel, using the PASTE-buttons
provided in the menu. In essence, you have to provide the natural mortality, partial recruitment,
stock weight-at-age and catch weight at age for the projection horizon. Note that when selecting
entries to Paste into ADAPT, always include the cells containing the "age" and "year" labels.
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In Excel

Select the "Forecast" sheet.

Enter 25000 in cells D6 and E6.

Enter 0.2 in cells C7 and D7 (defaults are provided; change only if necessary).

Go to the A9 cell, which marks the beginning of the natural mortality matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"|

Click the PASTE-button against the "Copy M..." option.

In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A22 cell, which marks the beginning of the PR (partial recruitment) matrix. Defaults
have been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"|

Click the PASTE-button against the "Copy PR..." option.

In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A34 cell, which marks the beginning of the stock weight-at-age matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"|

Click the PASTE-button against the "Copy beginning of year population weight-at-age..." option.
In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A47 cell, which marks the beginning of the catch weight-at-age matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"|

Click the PASTE-button against the "Copy average catch weight-at-age ... " option.

Click the OK-button of the "Project Menu".

The results of this projection scenario appear in the Session-log.

Results (see Annex 2):
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The results show that a fishing mortality of 0.2 would generate a catch of 13139 t in
1995 and 12890 t in 1996. These catch levels would lead to a reduction of the total
biomass, from 131 355 t at the beginning of 1995 to 122 375 t at the beginning of

1997.

Computation of risk

Risk analyses use not only the point estimates of population abundance as a starting point for stock forecasts
but use also a measure of their reliability to make inferences on the likelihood of various outcomes. The risks
are expressed in relation to three specific outcomes: 1) the attainment of a given exploitation level, 2) a relative
change in spawning stock biomass, or 3) the realization of an absolute spawning stock biomass level (e.g. a
limit biomass reference point). The risk evaluation is for the final year in the projection time horizon.
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In ADAPT

Select "Compute".

Select "Analytical".

Select "Risk". Note that this option is active only when statistics and bias corrections have been
computed. You will be provided with a menu to describe the scenario for your forecast.

In the box labeled "Enter subsequent years for projection”, enter "1996 1997" (without the quotes).
In the box labeled "Enter abundance at age 1 for 1996 1997", enter 25000 25000.

In the box labeled "Enter quota (biomass) or fishing mortality for 1995", enter "20000" (without
the quotes). This value indicates that you want to make projections using a quota of 20000 t for
the first year of the projection. NOTE than an entry larger than 2 is interpreted as a quota, while
an entry less than 2 is interpreted as a fishing mortality. Also, when there is no intervening year,
the label for this box will not show a year, indicating that no input is required.

In the box labeled "Enter starting quota, increment, # steps separated by spaces for 1995", enter
"1000 2000 30" (without the quotes). Warning: The starting quota has to be larger than zero. If
you enter zero as the starting quota, ADAPT will start the calculation but will quit at one point
without showing the results.

The next entries for your projection scenario have to come from Excel, using the PASTE-buttons
provided in the menu. In essence, you have to provide the natural mortality, partial recruitment,
stock weight-at-age and catch weight at age for the projection horizon. When selecting entries to
Paste into ADAPT, always include the cells containing the labels, which identify the ages and
years.

In Excel

Select the "Forecast" sheet.

Enter 25000 in cells D6 and E6.

Enter 20000 in cell C7 and 0.2 in cell D7 (defaults are provided; adjust only if necessary).

Go to the A9 cell, which marks the beginning of the natural mortality matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"]

Click the PASTE-button against the "Copy M..." option.

In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A22 cell, which marks the beginning of the PR (partial recruitment) matrix. Defaults
have been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"]

Click the PASTE-button against the "Copy PR..." option.

In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A34 cell, which marks the beginning of the stock weight-at-age matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"]

Click the PASTE-button against the "Copy beginning of year population weight-at-age..." option.
In Excel

Select the "Forecast" sheet (if not already selected).

Go to the A47 cell, which marks the beginning of the catch weight at age matrix. Defaults have
been calculated for you here. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"].

Click the PASTE-button against the "Copy average catch weight at age ... " option.

In Excel
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Select the "Forecast" sheet (if not already selected).

Go to the A59 cell, which marks the beginning of the maturity-at-age matrix. Defaults have been
calculated for you here from initial input. Adjust as necessary.

Highlight the relevant data and copy to the clipboard.

In ADAPT [returning to the "Project Menu"]

Click the PASTE-button against the "Copy maturity-at-age for ..." option.

In the box labeled "Inverse exploration", enter "5".

In the box labeled "%Biomass change", enter "0". Note that this % change refers to a change in
the Stock Spawning Biomass (SSB).

In the box labeled "Absolute biomass", enter "50000". Note that this value refers to the Stock
Spawning Biomass (SSB).

Your entries must look like the Menu illustrated in Fig.1.

Click the OK-button of the "Risk Menu".

These calculations can take a few minutes. The results of this projection scenario appear in the
Session-log.
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Inspect the session log to explore the results. You can copy these results to the clipboard for transfer to the
Excel-template.

HINT:

If the correct M, partial recruitment and weights have previously been entered for a deterministic
projection and if you are doing the risk analysis for the same timeframe, you need only Paste the
maturity for the calculation of the SSB. The other values will be taken from the variables previously

defined.
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Fig. 1. Risk Menu.
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To display the risk curves, you can copy these results to the "WS-For" sheet of the Excel Template. This is a
working sheet for the forecasts.

83. In ADAPT

84. Select "Output".

85. Select "To Clipboard".

86. Select "Risk".

87. Select "Analytical".

88. The results of this risk scenario are copied to the clipboard.
89. In Excel.

90. Go to the "WS-For" sheet.

91. Copy the content of the clipboard to cell A3.

The risk curves will be generated in the "For-G" sheet of the Excel template (Figs. 2 and 3).

Note that the risk projections (analytical or bootstrap) are always bias-corrected. The results of the risk
projections should thus be compared with bias-corrected historical re-constructions of the population metrics
(abundance, biomass, SSB).

As an exercise, repeat the risk computations but, this time, use the bootstrap approach. When asked for the
number of replicates in the bootstrap, enter "100". The entries for the "risk Menu" are exactly the same as
those for the risk calculations using the analytical approach (see Fig. 1). When the bootstrap is completed,
copy the results in the second placeholder (cell A51) of the "WS-For" sheet. Provide labels for the plots as
necessary. The risk curves for the bootstrap results will be generated in the "For-G" sheet of the Excel template.

Notes on bootstrap:

*  The most common practice is to use the bootstrap procedure (as opposed to the analytical approach) for
calculating risk curves from ADAPT results. While it takes longer to obtain results because of the re-
sampling procedure, bootstrap is believed to give a better appreciation for the shape of the risk curve
(assuming, of course, a sufficient number of replicates) (Gavaris et al., 2000).

*  For a typical bootstrap simulation, someone would do 500 or 600 replicates in a "well-behaved" estimation
problem. Use 1000 replicates if uncertain. You may need more simulations if you need to pay a particular
attention to some characteristics of the distribution of the results, e.g. if the "tail" of the risk curve are
particularly important in management decisions.

* In the current version of ADAPT, the bootstrap is performed by re-sampling all residuals assuming that
they are independent and identically distributed (i.i.d.). Despite efforts to make the residuals i.i.d. when
calibrating VPAs, residuals often show significant departures from this assumption. Research is ongoing
on possible refinements to the bootstrap procedure so as to take such factors into account.

Conclusions

All results have been transferred to the spreadsheet. You can now inspect the forecasts and interpret the results
of the risk analysis.

Results:

Figs. 2 and 3 suggest that the stock spawning biomass (SSB) has a high probability of
declining even with no fishing in 1996. Under no fishing in 1996, there is a probability
of 10% or less that the SSB will be below 50 000 t at the beginning of 1997. That
probability increases as the quota for 1996 is increased. With a catch of 60 000 t in
1996, the probability of the SSB at the beginning of 1997 to be less that 50 000 t is of
the order of 75-90%.
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Fig. 2 (lower panel) indicates that the SSB would be of the order of 80 000 t at the
beginning of 1997 if there is no fishing in 1996. A catch of 50,000 t in 1996 would
generate a fishing mortality of 0.7-0.8 in 1996 and would leave a SSB of about 40 000
t at the beginning of 1997.

This concludes the tutorial for projections and risk computations using ADAPT. You should save your work
(both the ADAPT Workspace and the spreadsheet) for future reference. The ADAPT Session Log for this
tutorial is printed in Annex 2 and the "completed" spreadsheet is given in file "ADAPT Template — Example".
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TABLE 1. Example of input data for deterministic projections and risk analyses.

Years 1995 1996 1997

N at Agel 25000 25000 25000

Quota or F 20000 0.20

M 1 2 3 4 5 6 7 8 9 10
1995 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
1996 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
PR 1 2 3 4 5 6 7 8 9 10
1995 0.01 0.29 0.86 1.00 0.73 0.59 0.51 0.41 0.33 0.77
1996 0.01 0.29 0.86 1.00 0.73 0.59 0.51 0.41 0.33 0.77
Wt stock 1 2 3 4 5 6 7 8 9 10
1995 0.36 0.72 1.08 1.56 2.32 3.22 4.24 5.31 6.49 8.77
1996 0.36 0.72 1.08 1.56 2.32 3.22 4.24 5.31 6.49 8.77
1997 0.36 0.72 1.08 1.56 2.32 3.22 4.24 5.31 6.49 8.77
Wt catch 1 2 3 4 5 6 7 8 9 10
1995 0.36 0.72 1.08 1.56 2.32 3.22 4.24 5.31 6.49 8.77
1996 0.36 0.72 1.08 1.56 2.32 3.22 4.24 5.31 6.49 8.77
Maturity 1 2 3 4 5 6 7 8 9 10
1995 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
1996 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
1997 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00
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ANNEX 1. Algorithm Used in ADAPT for Forecasts

Projection Model
Forecast projections may be computed by specifying future fishing mortality rate or by specifying future catch

quota. In either case, the partial recruitment to the fishery by age and time period, PR, must be provided.

To project with a specified fishing mortality rate for ages fully recruited to the fishery, £, , first compute age

specific fishing mortality rates as Fa,t = Fﬁ,”,,PRaJ and then apply the fundamental exponential decay model

N - N e—(Fuy,+May,)Ar
alt

a+Dt g+

starting with the bias adjusted population abundance estimates in the terminal year.

To project with a specified catch quota, O, first solve for the fishing mortality rate in the fundamental catch
equation using the iterative algorithm

initialize £, = PR

at

_ Fa{tAtNa,t (1 - e_(ﬁ;‘"+M“" )At )

compute catch c’ ‘
\F+ M,
J ' F JH = —Fa/’tQt
i 0010, - z W, update z C‘{’Wa'l and re-compute catch.

W', is the average weight-at-age of fish caught in the fishery.

Almost invariably, natural mortality is considered a stationary process and forecast natural mortality for
projections is drawn from the same estimated or assumed distribution used for recent years. Similarly, partial
recruitment to the fishery and growth are typically deemed to be stationary over the recent past. Accordingly,
both W', and PR, are derived from observed values in previous years and are assumed to have negligible error.

Risk analysis

Risk analyses is used to determine the consequences of alternative quota tactics. The consequences are measured
against reference points for fisheries management interest parameters. Three fisheries management interest
parameters are considered, inverse exploitation rate on fish fully recruited to the fishery, relative change in
spawning stock biomass and absolute spawning stock biomass. Inverse exploitation rate rather than exploitation
rate is used for computational reasons involved with the analytical approach. These interest parameters are
evaluated against their respective prescribed reference points for a specified range of potential alternative
catch quotas. The requisite information can be summarized as

H1 1 0
o Mﬁdu g Aref | Qz%

Pr{ABHl < ABref | QI}

Pr{BHl < Bref | Ql}
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where u is exploitation rate

— _ ‘(l‘f/w/, 1M gy, +1) ( )
U gyt = F iy, (1 e T\ g M gy
and AB is relative change in spawning stock biomass and B is the spawning stock biomass

Bt = ZNa,tWatmat

where W_ is the average weight at age of fish in the population and m_, is the maturity-at-age.
Risk analyses can be based on the statistics from analytical approximation or bootstrap.
Analytical

The analytical method uses the approximate estimates of variance and bias for the interest parameters and
couples that with an assumption about the parametric form of their sampling distribution to derive confidence
distributions. A bias adjusted Delta confidence distribution is constructed by shifting results to account for the
magnitude of the estimated bias and ignoring any increase in variance associated with the variance of the bias
estimate. Assuming a Gaussian distribution, confidence distributions of the interest parameters are approximated

as N~ (l? - Bias(ﬁ),,/Variﬁi).

Bootstrap

The percentile method confidence distribution of the interest parameter is defined as the proportion of bootstrap
replicates, /7” , less than or equal to that value,

6(x) = Probl < :@

where B is the total number of bootstrap replicates.

The bias-corrected percentile method of Efron (1982) that is reported in ADAPT results, improves on the
percentile method by adjusting for differences between the median of the bootstrap percentile density function
and the estimate obtained with the original data sample. The confidence distribution of the intgrest parameter
is obtained with the bias-corrected percentile method by constructing the paired values G’] B ‘Y The a are the
respective probability levels equal to 1/B,2/B,3/B,---, B—1/B . For each @, calculate the bias adjusted quantity,

A =Q7 (@22, +2,)).

Here, CD is the,cumulative distribution function of a standard normal variate, z, —(D_l(a') and
z, =P €Q/7) The term z, achieves the bias adjustment. The notation Q 1( ) or @~ 1( ) is used to
represent the inverse dlstrlbutlon function, i.e. the critical value corresponding to the specified probability

level. Note that computations are not carried out for @ = B/B because z, = o (a =1) is not defined.
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ANNEX 2. ADAPT Session Log — Tutorial for

is with ADAPT

Projections and Risk Analys
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APPENDIX 4: Projections and Risk Analysis with ADAPT

Quota
1000
3000
5000
7000
9000

11000

13000

15000

17000

19000

21000

23000

25000

27000

29000

31000

33000

35000

37000

39000

41000

43000

45000

47000

49000

51000

53000

55000

57000

59000

61000

Biomass
Mean Std. Err.
88384 28359
86857 28221
85331 28084
83804 27947
82277 27812
80751 27678
79225 27545
77699 27413
76172 27283
74646 27153
73120 27024
71595 26897
70069 26771
68543 26646
67018 26522
65492 26399
63967 26277
62442 26156
60917 26037
59392 25918
57868 25801
56344 25684
54819 25569
53295 25455
51772 25342
50248 25229
48725 25118
47203 25008
45680 24898
44158 24789
42637 24680

Bias Adj.
11155
11124
11092
11061
11029
10997
10966
10934
10903
10871
10839
10808
10776
10744
10713
10681
10649
10618
10586
10555
10523
10492
10460
10429
10398
10367
10336
10305
10274
10244
10214

(Reference = 50000)

Mean

77228
75733
74238
72743
71248
69754
68259
66764
65270
63775
62281
60787
59293
57799
56305
54811
53318
51824
50331
48838
47345
45852
44359
42866
41374
39882
38390
36898
35406
33915
32423

Bootstrap risk results copied to ClipBoard

THURSDAY, OCTOBER 12, 2000

APL Ver.

2.0.00

ADAPT W Ver. 2.

Workspace size =

1

6000000

4:11:03.750 PM

Prob

O O O O O O O O O OO OO OO O0OO0OOOOOOOOLOoOOo oo o o o

.040
.080
.080
.110
.110
.130
.130
.200
.200
.200
.200
.220
.280
.320
.340
.360
.370
.410
.440
.490
.550
.590
.620
.640
.660
.680
.710
.800
.840
.860
.880
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Blackfin: NAFO SC Workshop — ADAPT Tutorial
Bias adjusted

Impact of 1996 quota, assuming quota of 20000 t taken in 1995.

Risk analysis Analytical
1.00 ik i
090 - - - - s m e T e T
080 - - -l mmmmmm e e
070 4 - - s m o m e e ST
20604 - T
B 0.50 - mmm gt
el
2040 - AT
030 -7 - T e
0.20 + —--F>-02 -
—— SSB reduction
U Hi — SSB<=50000 | -
0 T T T T T T
0 10000 20000 30000 40000 50000 60000 70000
Quota
Effect on fishing mortality and Stock Spawning Biomass Analytical
0 90000
0.90 - - 80000
0.80 ~ L 70000
0.70 L 60000
0601 - 50000
0.50 -
- 40000
0.40 -
- 30000
0.30 -
0.20 - - 20000
0.10 - L + 10000
0 T T T T T T 0
0 10000 20000 30000 40000 50000 60000 70000

Quota

Fig. 2. Graphical representation of catch projections and risk calculations using
the analytical approach.



APPENDIX 4: Projections and Risk Analysis with ADAPT

Blackfin: NAFO SC Workshop — ADAPT Tutorial

Bias adjusted

Impact of 1996 quota, assuming quota of 20000 t taken in 1995.

0 Risk analysis Bootstrap
(UL e i
080 4- A==
070 - ----------le - e e
2060 - A
B e e A
©
2 AL _____
& 0.40
030 4- - - m e
020 4--------J-Fm— oo - -
—— SSB reduction
LR — SSB<=50000 [ "~
0 ====== ! T T T T T T
0 10000 20000 30000 40000 50000 60000 70000
Quota
0.80 Effect on fishing mortality and Stock Spawning Biomass Bootstrap 90000
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- 40000
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Fig. 3. Graphical representation of catch projections and risk

calculations using the bootstrap approach.
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