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Projection methodology

Projections into the future under a specific Candidate Management Procedure (CMP) are to be
evaluated using the following steps.

Step 1: Begin-year numbers at age

The components of the numbers-at-age vector at the start of 2010 (/N g, , : @ =1,..., m) are obtained

from the MLE of an assessment of the resource (SCAA or XSA). For SCAA the 2009 catch-at-age data
are used in the assessment, whereas for XSA the estimated numbers-at-age at the start of 2009 are

projected forward one year using these data. For XSA, the 2009 recruitment (Nzoogyl) is generated

deterministically from the estimated stock-recruitment relationship. Error is included for ages 0to 5 (1
to 5 for XSA) because these are poorly estimated in the assessment given limited information on these
year-classes, i.e.:

Nooio.e = Nogro €™ ¢, from N(O' (O-R )2) 1

where oy is the standard deviation of the stock-recruitment residuals estimated by the SCAA, and for
XSA is estimated in the process of fitting a stock-recruitment relationship to the outputs from that
assessment as described below. Equation 1 is approximate in that it omits to adjust for past catches
from the year-class concerned, but these are so small that the differential effect is negligible.

Step 2: Catch
These numbers-at-age are projected one year forward at a time given a catch for the year concerned.
For 2010:

C, =160007, x, from U(1.27:1.22,1.27;1.42;1.32;1.45) @
From 2011 onwards:
C, is as specified by the CMP.

This requires specification of how the catch is disaggregated by age to obtain C .+ @nd how future
recruitments are specified.

Step 3: Catch-at-age

For SCAA the CW values are obtained under the assumption that the commercial selectivity function
estimated continues to vary by 2-year block, as assumed in the assessment:

Q,,
S,.=8e" @)

where



Q , from N(O, (o, )2) for ages 5 to 10,

y.a

Q,, =0 forages 4-and 11+, and
0,=2.0.

Since the selectivity function varies by 2-year block starting in 1975, Sy, , and S, , are equal

and already specified and S 1.a 15 generated from the random process above from 2011 onwards.

a

For XSA, the selectivity each year is selected randomly from the selectivity vectors for the last 10
years (1997 to 2006) estimated in the assessment. The selectivity vectors for 1997 to 2006 are
computed as follows:

S,.=F,,/max(F,,) 4)

where the maximum is taken across the ages for that year.

From this it follows that:

_ mid -M, 12
F, =C, 1Y wN,  e"'s, 5)
where w:ffiad is each year selected randomly from the weight-at-age vectors for the last 10 years (2000
to 2009) used in the assessment (Table 1), and hence that:
C,,=N,, e""SF, 6)

The numbers-at-age can then be computed for the beginning of the following year (y+1):

N e R y+1 )
-M, 12 -M, 12
Nwlvaﬂ:(Ny’aeM“ —nya)e Mo forl<a<m-2 (8)
-M, 112 -M,, 412 -M,, 12 -M,, 12
Ny+l,m = (Ny,m—l e et - Cy,m—l)e Vot (Ny,m e - Cy,m )e (9)

These equations reflect Pope’s approximation. The XSA uses the Baranov equations rather than Pope’s
approximation; these equations can be adjusted accordingly for XSA projections.

The plus-group m is 20 for both the SCAA and XSA.

Step 4: Recruitment

Future recruitments for the reference case SCAA operating model (RC) are provided by a Beverton-
Holt stock-recruitment relationship:

AhRy B, (¢, -0h/2

R = 10
PR (—h)+Gh-1)BY (1)

Log-normal fluctuations are introduced by generating ¢, factors from N(O, 0';) where oy is

estimated from the residuals of the model fit for years 1976 to 2006. K7 is as estimated for that RC
assessment. For the Reference Case SCAA, 4 is fixed (0.9).

m
id
BY =3 faN,. (12)
a=1

where



Sy s each year selected randomly from the maturity-at-age vectors for the last 10 years (2000 to
2009) used in the assessment (Table 2).

For XSA, o is computed as follow:

o - \/1/32 S (en(v.,)- m(® )f an

y=1975
where the recruitment is assumed to follow a segmented regression:
sp . sp
aB? if Bl <p

Ry+1 = . ng >
afp if B2p

with the « and g parameters as estimated from the results of that assessment and provided by D Miller.

(12)

At a later stage in the process, these approaches should be extended to take account of first order serial
correlation in recruitment residuals.

Stepb:

The information obtained in Step 1 is used to generate values of the abundance indices /j;,, (in terms

of biomass or of numbers). The EU survey is assumed to continue sampling the 0-1400m depth zone.
Indices of abundance in future years will not be exactly proportional to true abundance, as they are
subject to observation error. Log-normal observation error is therefore added to the expected value of
the abundance index evaluated, taking account of the serial correlation i.e.:

i ipi A
I, =q'Be (13)
g, =2, -p' A, (14)
i iV
g, from N(O,(O' ) ) (15)
where
B; is the biomass (or numbers) available to the survey:
surv,spring _ N mid Qsurv -M,14
e — Z;Wy‘“ SN, e M-8, F, [4) (16)
for spring surveys,
surv,summer __ N mid Q surv -M,12
By - Z;Wy,a Sy,a Ny,ae (1_ Sy,a F‘y /2) (17)
for summer surveys, and
surv, fall __ S mid Qsurv -M,3/4
By - zwy,a Sy,a Ny,ae (1_ Sy,a Fy 3/4) (18)
a=1

for fall surveys.

As for the commercial selectivity, the survey selectivities for the SCAA are obtained under the
assumption that the selectivity functions estimated in that assessment continue to vary by 2-year block,
as assumed for the assessment:

surv
Q}‘ a

Sh. =8,"e (19)

where



Q;‘fg” from N(O, (aﬂm )2) for ages 1 to 8 for the Canadian Fall and Spring surveys, and for ages 4
to 11 for the EU 0-1400m survey,

Q7" =0 for ages 9+ for the Canadian Fall and Spring surveys, and 12+ for the EU 0-1400m survey,

and

o =05

o

For the Canadian and the EU 0-1400m surveys, S , is already specified, while S5 , is generated
from the random process above.

For the XSA, the survey selectivities are taken as the catchabilities (q;) estimated in that assessment,

renormalized so that max(q;) =1. For each survey, the selectivity is assumed to be zero after the last

age for which data are specified (13,12, 13 and 8 for the Canadian Fall, EU 0-700m, EU 0-1400m and
Canadian Spring surveys respectively) to the plus group (age 20).

For the SCAA, for the indices related to biomass, the constant of proportionality qi , the o' and pi
are estimated directly in the assessment. For other cases, the following procedure is used.

The constant of proportionality qi is as estimated for the assessment in question by:

2009

‘nq' =1n, Z(Inl)’;—lnl;’;) (20)
=1
2009

6'= [1n Y (e @y
y=yl

where n; is the number of data points in the series, y1=1996 for the Canadian surveys, and 2004 for the
EU 0-1400m survey,

g, =2, -p' A, (22)
A, =(I,)—(n(q'B,) (23)
2 . .
2 A,
pr="r—— (24)

where y1=1996 for the Canadian surveys, and 2004 for the EU 0-1400m survey; and y2=2008 for the
EU 0-1400m and Canadian spring surveys, but 2006 for the Canadian Fall survey because of the
missing data in 2008.

To commence this data generation process and compute 15, , a value for Ay, is required. For each
of the three surveys, this is given by:

Ao =N (1 2000 )_ ‘n (q 'Bioos ) (25)

for the assessment concerned, using the known values for the outputs from these surveys for 2009.



Step 6:

Given the new survey indices ]; compute TACy+1 using the CMP.

Step 7:

Steps 1-6 are repeated for each future year in turn for as long a period as desired, and at the end of that
period the performance of the candidate MP under review is assessed by considering statistics such as
the average catch taken over the period and the final spawning biomass of the resource.

Performance Targets and Statistics

During the January 2010 Brussels meeting it was agreed that four properties would be evaluated in a
risk management context:

1) the risk of steep decline be kept moderately low;

I) the risk of annual average catch variation of greater than 15% be kept moderately low;

I11) the magnitude of the average catch in the short, medium term and long term be maximized;

and

1V) the risk of failure to meet an interim target within a prescribed period of time should be kept

moderately low.

A number of mathematical expressions (Performance Statistics) were then proposed to capture these
four properties:

@)

(b)

©

(d)

©)

®

P, . Lo
—28L \where P, is the population size in year y;

2011

lowest

, where P, is the lowest population size during evaluation period (2011-2031);

owest

2011

~lowest “\yhere P .. is the lowest population size during the assessment period (1975-
min

2010);

F)2031

, Where P,

rger 1S Pre-defined recovery target population size, for which the average

target
value over the period 1975 to 1999 for the assessment/operating model concerned will be
used for the moment pending further discussions;

P
—28L \where P, is the population level when maximum sustainable yield is achieved;

MSY
this will be pursued only after the next meeting at which methods to compute P, will be
discussed.

In each of them, population can be measured as total numbers (Ni‘” ), total biomass (Bi‘” ), exploitable

numbers (ages 5 — 9) (Nf_g), exploitable biomass (Bi_g), survey index (B,"") or spawning biomass

(B)”), (though with primary focus on exploitable biomass for F,,) where:



Ny = iN (26)
a=0

BY = Z WN @7)
a=0
5-9 d
NY® = ZNM (28)
a=5
9 .
BX? = w"N, (29)
a=5

B : equations 16 to 18
S, S mid
Byp = Zf)ww}w Nw (30)
a=1

The primary PS (1) and (111) above can be captured by:

(@)  (Average) annual catch over short, medium and long terms:

2015 2020 2030
Coorrr Conna zcy S, ZC},/5 and ZC_V/ZO

y=2011 »=2016 y=2011
(h)  Awverage annual variation in catch over short and long terms:

1 2015
Yle, ¢, e, and

S y=2011

A4 V201172015 =

1 2030

AAV 3011 2030 = 2_0 Z|Cy - C,vfl
y

=2011

IC,,

P(> 15%) being the proportion of years in the projection period where
Cc -C

y y-1

>0.15

y-1

Subsequently, at the May 2010 Halifax meeting, the four properties (or Performance Targets) were
refined as follows:

1) The probability of the decline of 25% or more in terms of exploitable biomass from 2011 to
2016 is kept at 10%* or lower.

I) a) The probability of annual TAC variation of greater than 15% be kept at 25% or lower and

b) The probability of variation of TAC more than 25% over any period of 3 years should be
kept at 25% or lower.

If the conditions a) and b) are not met, then an alternate performance target should be
considered as follows:

c) The TAC should not be below 10 000 t for the period 2011-2015 in any one year with a
probability of 25% on a year by year basis.

I11) The magnitude of the average TAC in the short, medium and long term should be maximized.

IV)The probability of failure to meet or exceed a milestone within a prescribed period of time
should be kept at 25% or lower. Milestone means the average exploitable biomass for the
period 1985-1999 to be compared with the exploitable biomass in 2031.

The following corresponding Performance Statistics were then also agreed:



Performance Statistic for Performance Target I:

P2016

PZOll
where P, is the exploitable biomass computed at the start of the year indicated.

Performance Statistics for Performance Target 11 a):

2 »\Cc o -C c..—-C,
> Ca-¢) 20; x =l ol y|—o.15;
v G ’ C,
1 2014
. Prob*== » I
— {1 If Xy > 0} 5y=2010y
y H ’ 2030
0 |nySO Prob:i Z[,
20 !
y=2011

Performance Statistic for Performance Target Il b):

v221|c - C C,,—C,
> Ca=C) 18; Xy=—| s }|—o.25;
y=2010 Cy Cy
1 ifXxX >0 1 2027
= o ; Prob=— Y7

where C, is the TAC for the year indicated.

Performance Statistics for Performance Target llc):

Conns Connzs Coprzs Copras Copss



Performance Statistics for Performance Target I11:

2015 2020 2030
1 C,; 1 C,; £ C

) ) v
5 y=2011 S y=2016 20 y=2011

Performance Statistic for Performance Target IV:

1 1999

where Pachieved = P2031 and Pmilestane T ZPJ
15 T

achieved

milestone

A total of 100 forward projections will be run for each trial, with results presented as the 5",
average of 50" and 51% and 96" in an ordered set (i.e. median with 90% probability intervals).

Plots of annual catch and B”* may be produced for each trial, the first showing the median and
90% probability envelopes, and the second showing the first 5 realisations (“worm plots™).



Table 1: Catch weights-at-age (kg) matrix for Greenland Halibut in Sub-Area 2 and
3KLMNO (Healy pers. commn, for ages 1 to 14; Miller, pers. commn, for ages 15+).

Divisions

1]

7

8

10

1

12

14

13

16

17

18

1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1983
1986
1987
1988
1980
1990
1991
19902
1993
1904
1995
1996
1997
1998
1900

2001
2002
2003
2004
2005
2006
2007
2008
2009

0276
0278
0279

0.760
0.760
0.760
0.760
0.760
0.639
0598
0.684
0.629
0583
0.749
0584
0.389
0569
0.561
0.346
0592
0377
0.547
0514
0331
0541
0.489
0543
0333
0524
0.370
0357
0364
0333
0.564
0.603
0581
0617
0599

0955
0933
0955
00833
09535
0.869%
0.789
0.801
0.861
0.826
0841
0811
0.836
0.803
0.767
0.766
0.831
0.793
0.80%
0.788
0.808
0832
0
0.810
0.823
0.787
0830
0.841
0822
0.808
0.84%
0813
0.833
0891
0.862

1.1%0
1190
1.1%0
1190
1190
1.050
0.983
1130
1180
1.100

1.100
1.160
1.163
1.082
L1119
1228
1234
1.207
Lime
1202
1272
L1159
1203
1253
1192
1.168
1193
1199
1196
1247

1137
1193
1.138

1611

2210
2210
2210
2210
2210

2.700
2.700
2.700

2732
2705
239
2607
2304
2548

3370
3370
3370
3370
3370
2710
33510
3470
3.060
3480
3710
3.8%0
3.600
3925
3862
373
4142
30m
3963
3.766
3813
3836
3033
4.010
33509
3645
3713
3579
3404
3338
3464
3139
3.057
3247
3.118

4560
4.360
4560
4.360
4360
4420
3940
3830
6.060
5.730
6.130
6.0%0
3480
5838
g1z
3.686
6.18%
6.197
ety
3984
30357
3876
3914
5884
3.193
5.082
3073
5181
3296
3.099
4716
4208
4579
4400
3.856

3920
3920
3920

6.848
6.633
6.445
6.131

6.120
5.631
3913
6.127
5.745
3223
5204
3.800
4.778

7140
7.140
7.140
7.140
7.140
7.020
8710
5.650
5.600
£330
£.920
9810
7850
§.485
7547
8776
9363
§267
§.487
7.688
7471
7946
8280
7269
7481
6919
7.196
6584
6737
7.086
6576
6236
5437
63831
5.596

7.8%0
7.8%0
7.8%0
7.8%0
7.890
10.100
9380
11.500
11300
9570
11.800
10.100
03840
11444
0639
0826
9546
10.057
9793
9436
o311
8360
8200
8218
8623
8363
7433
7076
0566
7489
6.637
6.603
7.088
3.014
5.08%

8.916
8.916
8.916
8.916
8916
11413
108235
129935
12769
10.814
13334
11413
11119
12832
109135
11.103
10787
11364
11.066
10.683
10521
9436
9.368
9286
9744
10157
8.400
1345
11482
8.463
7.500
6.977
8.009
2036
5751

9718
9718
9718
9718
9718
12.440
11.800
14.1635
13918
11.787
14534
12440
12120
14.006
11.897
12,102
11758
12387
12.062
11.647
11468
10307
w2
10122
10.621
11071
9.136
7416
12404
9225
8328
1.603
8730
9871
6.268

Table 2:

Proportion mature-at-age for Greenland Halibut in
(Morgan, pers. comm.).

Sub-Area

2 and Divisions 3KLMNO

6

11

12

13

14

15

16

17

18

19

20

2001
2002
2003
2004
2005
2006
2007
2008
2009

0.003
0012
0.004
0.005
0.007
0.003
0.002
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000

770119

0.117
0177
0.138
0123
0177
0132
0119
0114
0071
0.034

0038
0023
0158
0.154
0.045
0.097
0.062
0028
0.041
0039
0.037
0017
0.042
0.062
0070
0072
0074
0076
0078
0076
0076
0076

70205
0205
0.143
0.196
0277
0282
0232
0273
0236
0211
0.190

0.009
0132
0.0902
0.081
0971
0384
0111
0257
0.168
0.079
0.087
0.093
0.082
0.124
0.181
0364
0.166
0.188
0209
0234
0239
0234
0234

T0333 Tos01 T

0335
0333
0290
0310
0.406
0451
0.397
0401
0.384
0345
0297
0215
0173
0332
0209
0249
1.000

0501
0301
0301
0400
0433
0.549
0.632
0.588
0342
0358
0509
0434
0343
0283
0581
0.406
0557
1.000
0.87%
0471
0.781
0.606
0430
0405
0409
0412
0.802
0.851
0972
0384
0.663
0.742
0.800
0.838

0.666

0.933

T0.796

0.7%6
0.796
0.7%6
0.796
0.796
0.856
0.738
0.795
0.382
0.870
0.787
0.838
0.801

To883 7

0.883
0.883
0.883
0.883
0.883
0.883
0.936
0.83%
0874

0934
0934
0934
0534
0034
0934
0034
0934
0973
0.8035
0523
0.870
0569
0.820
0933
0940
0.892
0872
0.841
0588

T0964 7

0.980
0980
0.980
0.980
0.980
0.980
0.980
0.980
0980
0.980
05935
0570
0875
0.693
0.993
0473
0.080
0984




APPENDIX + - Index-based Management strateqy (base case)

David Miller

modFree - Model-free, index-based TAC adjustment strategy
This is a variable TAC-based strategy. It constitutes a simple TAC adjustment strategy that uses the
change in perceived status of the stock (from research surveys) to adjust the TAC according to:

AC TAC, x(1+ A, xslope) if slope>0
"\ TAC, % (1+ A, xslope) i slope <0
o
Where:
slope = unweighted average slope of log-linear regression lines fit to the last five years of

each index (all ages combined), i.e. y-5to y-1
. and 1, = adjustment variables for the relative change in TAC to the perceived change in
stock size.

In the calculation of slope, missing data is ignored i.e. only data available since year y-1 are used. For
each index 7, annual CPUE values 1, are calculated by summing all ages in the age range of each index
for each year. Linear models (In(Z,) = ay + b) are fit by minimising the sum of squared residuals.

Then slope = (a; + a, + a3)/3, intercept values are not considered.

Various 4 values were examined in deterministic simulations. In the case of a declining stock 4, =
1.25 (allows for adequate adjustment of the TAC without having excessively large fluctuations from
year to year) and in the case of an increasing stock /4, = 1.

A > 1 is required in the case of a perceived decline in stock size (slope<Q) but this value of 1 could

hamper stock recovery in the case of a perceived increase in stock size (slope>0). A variable 4
approach with A<1 when slope>0 will allow for more rapid recovery of the stock.
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