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SUMMARY

Simple constant (intended) proportion CMPs are applied to the 16 conditioned Operating Models
(OMs) in version 3.3.0 of the Package. Ranges of the two control parameters for west and east
proportions are selected to give reasonable trade-offs between catch and stock recovery (where
needed). For nearly all of the OMs this is readily achieved. However, problems arise for some of the
abundance factor B OMs (with lower west stock abundances matching those in the most recent
assessment) coupled to an unchanging Beverton-Holt stock-recruitment function for the west stock
(recruitment factor 2). For one of these scenarios, even with no catch from the west area, an already
depleted west stock declines under catches in the east that are well below present levels, because
sufficient bluefin of western origin migrate to the east area and can be harvested there. The key
immediate question then becomes whether such OM scenarios are sufficiently plausible that they need
to be taken into account when seeking an MP which evidences robustness over a range of reasonably
plausible levels of uncertainty.
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Introduction

This paper extends the initial explorations of Butterworth et al. (2018) which aimed ultimately at developing
Candidate Management Procedures (CMPs) for the (two mixing stocks of the) North Atlantic Bluefin tuna
resource. Little change has been made to the CMPs introduced in that document to the April 2018 ICCAT Bluefin
MSE meeting. The important update is that these are now applied to the updated conditioned Operating Models
(OMs) in the revised Package version 3.3.0.

Because that Package, following corrections, became available only quite late, the work reported in this document
is somewhat limited. It focuses on establishing ranges for control parameters of the CMPs that reflect reasonable
trade-offs between resource conservation (securing resource recovery where needed) and taking large catches in
both the east and west Atlantic across the range of 16 conditioned OMs available in the Package. The performances
of the three OMs for which such a trade-off proves rather difficult to obtain are examined in some more detail.

Methods

The methods applied here are very similar to those introduced in Butterworth et al. (2018), though there are some
changes and one addition to the future abundance indices that are taken into account in the TAC formulae.

Aggregate abundance indices

An aggregate abundance index is developed for each of the East and the West areas by first standardising each
index available for that area to an average value of 1 over the past years for which the index appeared reasonably
stable?, and then taking a weighted average of the results for each index, where the weight is inversely proportional
to the variance (a2) shown by that standardised index over the chosen years. The mathematical details are as
follows:

Jy is an average index over n series (n=4 for the East area and n=4 for the West area) *:

J, = L wixly 1)

Trw;
where

1

Wi = (0)?

and where the standardised index for each index series (i) is:

Ii* — 1;’/ .
y Average of historical I,

The actual index used in the CMPs, Jay, is the average over the last three years for which data would be available
at the time the MP would be applied, hence

]av,y = %(]y +]y—1 +]y—2) (2)

where the J applies to either to the East or to the West area.

CMP specifications

The Fixed Proportion (FXP) CMPs tested set the TAC every second year simply as a multiple of the Ja, value for
the area at the time, but subject to the change in the TAC for each area being restricted to a maximum of 20% (up
or down). The formulae are given below.

2 These years commence from 2011 (JPN_LL_NEAtI2), 2009 for FR_AER_SUV, 2012 for MED_LAR_SUV, 2010 for GBYP_AER_SUV,
2011 for JPN_LL_West2, 2007 forUS_RR_66_114, 1979 for GOM_LAR_SUV and 2006 for CAN_ACO_SUV.

% For the French and Mediterranean aerial survey, there is no value for 2013 and 2015 respectively. For GBYP aerial survey there is no value
for 2012, 2014 and 2016. For Mediterranean survey, Canadian acoustic survey, there is no value for 2016. These years were omitted from
this averaging where relevant.



For the East area:

TACg, = (M) . ']gv,y—z (3a)

JE2016

If TACg,,>1.2 * TACg,,_, then TACg,, = 1.2 * TACp,_,

If TACg,, < 0.8 * TACg,,_; then TACg,, = 0.8 TACy,_,

For the West area:

TACy, = (M) B ']}141/7,3/—2 (3b)

Jw,2016

If TACW'yzl.Z * TACW,y—l then TACW'y = 1.2 * TACW,y—l

If TACyy,, < 0.8 % TACyy,_, then TACy,,, = 0.8 * TACy

Note that in equation (3a), setting a = 1 will amount to keeping the TAC the same as for 2018 until the abundance
indices change. If a or § > 1 harvesting will be more intensive then at present and for a or § < 1 it will be less
intensive.

For the deterministic case, CMPs were run under selections from the Package for deterministic OMs with Perfect
observation and with no implementation error. For the stochastic case, CMPs were run under selections from the
Package for normal OMs with Good observation and with no implementation error.

Because of late availability of the Package and the time needed for local installation, only limited investigations
have been possible, with many of these having been based on deterministic projections

Results

Initial efforts were targeted at determining ranges of values of the control parameters o and f that provided both
reasonable final resource status and reasonable average annual catches over the next 30 years, and for as many of
the 16 conditioned Operating Models (OMs) in the most recent Package circulated as possible. Given the
Commission’s objective of MSY, achievement of the first of these criteria was determined by considering the
Br30 statistic (SSB after 30 years divided by dynamic SSBmsy; the latter needs to be used because some OMs
incorporate regime shifts in their stock-recruitment relationships). Ideally Br30 should be in the vicinity of 1,
though taking into account the corresponding starting value Br0O because if this is low it would not be realistic to
require that much resource growth. Catch performance was assessed by considering AvC30 (the average annual
catch over the first 30 years of projection).

These efforts were based on deterministic runs (for computational speed). They suggested that all four
combinations of a and 3 equal to 0.5 and 1.0 reflected an appropriate part of management control parameter space
to consider. [These selections were compromised somewhat by errors being found in the projection code after the
choices had been made, but subsequent evaluations suggested that they were nevertheless reasonable as starting
choices.]

Results for the 16 OMs for this first 30 years projection period are shown in Table 1 and 2 and Figures 1
(deterministic) and 2 (stochastic) for Br30 and AvC30, and in Table 3 for AAV (corresponding to percentage
changes at two year intervals). Note that for the Br30 plots, one generally finds the Br30 values themselves
between the starting value Br0O and the 30-year no catch value for each OM, and also either close to or above 1,
as would be desired. The Br30 values are generally somewhat lower for a=1 (corresponding to a higher intended
fishing mortality) than for a=0.5 as would be expected, but are little affected for either west or east stock by the
value chosen for B. In contrast, catches for the west area are notably higher for the higher  value, and likewise
for the east area for the higher a value. AAV median values are generally in the 10-20% range for both west and
east areas, being higher in the west for the higher B choice, but higher for the lower a choice in the east (Table 3).



There are some differences between the deterministic and median stochastic results (Table 4 and Figure 3). The
stochastic medians tend to be somewhat lower for Br30, but higher for the average annual catch.

The exceptions to the generally acceptable performance summarised above arise for three scenarios: 2BIl (OM14),
2Bl (OM23) and 2B1V (OM32). While there are some differences between deterministic and median stochastic
results, generally these cases can give rise to Br30 values that are below the corresponding and already low BrO
values, suggesting harvesting is too heavy and has reduced depleted stocks even further.

For the deterministic 2BIl (OM14) scenario, there is an apparent problem for the east stock, but Figure 5 suggests
that this is misleading: SSB is increasing but dynamic SSBmsy is increasing faster, so that this is not necessarily
a problem.

However, the situation for the west stock is more serious for scenario 2BIl (OM23), and more so for 2BIV (OM32)
(see Figure 6 and Table 5). To focus on the latter scenario, Fig 6(b) shows that even with no catch permitted in
the west area, the west stock continues to decline unless the exploitation rate in the east is reduced from @=0.5 to
the vicinity of 0.25, which would mean sharply reducing the current TACs in the east

Discussion

For nearly all of the OMs, adequate recovery (where needed) together with fairly large catches can be readily
achieved. This is the case for all eight type-A OMs, though bear in mind that those tend to have appreciably higher
west stock abundances than for the conventional non-mixing assessments.

However, problems arise for some scenarios for the abundance factor B OMs (with lower west stock abundances)
coupled to an unchanging Beverton-Holt stock-recruitment function for the west stock (recruitment factor 2).
There even with no catch from the west area, the west stock can decline under catches in the east because sufficient
bluefin of western origin migrate to the east area and can be harvested there.

The key immediate question then becomes whether OM scenarios such as 2BIV are sufficiently plausible that

they need to be taken into account when seeking an MP which evidences robustness over a range of reasonably

plausible levels of uncertainty.

Further analyses

Further refinement of the CMPs put forward here, given that these need to provide evidence of robustness to

plausible uncertainties, would first seem to need to await resolution of issues raised above relating to OM

plausibility.
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Table la: Stochastic results for dynamic depletion (Br) of CMPs to 16 OMs for Br = SSB/SSB,sy for a = 0.5. Medians (bold) and 90% percentage interval (Pl) are shown.

Values under 0.5 are shown in italics.

a=0.5
Br30 WEST EAST
a Br0 0 0.5 Bro 0 0.5
B 0 0.5 1 0 0.5 1
0.05 | Median| 0.95 0.05 Median  0.95 0.05 Median 0.95 0.05 Median 0.95 0.05 | Median| 0.95 0.05 | Median]| 0.95
1.00 1Al 1.11 1.87 2.20 2.49 1.17 1.42 1.69 1.03 1.23 1.51 0.89 2.31 2.73 3.39 1.54 1.95 2.51 1.50 1.90 2.45
10.00 1Al 0.70 1.88 2.20 2.47 1.12 1.34 1.59 0.97 1.18 1.40 0.66 2.09 2.43 2.99 1.35 1.73 2.21 1.31 1.68 2.15
19.00 1A 1.15 1.97 2.35 2.60 1.34 1.59 1.86 1.15 1.41 1.66 0.90 2.51 2.98 3.73 1.66 2.09 2.72 1.61 2.03 2.65
A-group 2800 1A 0.66 2.07 2.46 2.72 1.33 1.57 1.83 1.14 1.38 1.63 0.67 2.21 2.58 3.15 1.40 1.78 2.26 1.35 173 219
2.00 2AI 0.86 1.70 2.03 2.36 1.00 1.32 1.72 0.93 1.23 1.61 0.23 1.32 1.58 2.03 0.94 1.23 1.58 0.93 1.21 1.56
11.00  2All 0.83 1.48 177 2.06 0.85 1.14 144 | 077 1.06 1.35 0.26 0.84 1.02 130 | 0.38 0.57 0.83 | 0.37 056  0.81
20.00 2AI1I 0.70 1.77 2.18 2.56 1.07 1.42 1.84 1.00 1.34 1.74 0.14 1.24 1.53 1.94 0.96 1.26 1.67 0.95 1.24 1.65
om L2000 2AN 0.35 1.31 1.62 191 | 059 077 1.01 | 0.49 0.66 0.88 024 | 089 1.09 1.39 | 047 066 083 | 045 0.63  0.80
400 1Bl 1.11 1.82 2.08 2.36 1.02 1.26 153 | 084 1.13 1.40 1.07 2.20 2.57 3.20 1.62 2.01 2.55 1.58 1.97 2.49
13.00  1-B-lI 0.84 2.35 2.66 2.95 1.62 1.78 2.09 1.39 1.56 1.85 0.81 2.11 2.44 2.97 1.42 1.77 2.24 1.37 1.73 2.18
22.00  1-B-li 1.18 1.87 2.18 2.41 1.18 1.40 1.64 1.04 1.27 1.49 1.16 2.42 2.85  3.48 1.77 2.18 2.78 1.72 214 271
B-group 31.00 1-B-IvVv 0.57 2.54 3.00 3.28 1.50 1.77 2.12 1.23 1.50 1.78 0.87 2.21 2.57 3.14 1.53 1.92 2.40 1.48 1.86 2.33
500 = 2-B-l 0.52 1.61 1.92 226 | 085 1.22 156 | 0.75 1.10 1.42 0.21 1.20 1.44 1.83 0.95 1.22 153 | 0.94 1.20 1.52
14.00 2-B-lI 0.59 1.51 1.79 2.08 0.96 1.22 1.48 0.87 1.10 1.36 0.13 0.30 0.37 0.52 0.03 0.09 0.19 0.03 0.08 0.18
23.00  2-B-li 0.24 1.35 1.67 201 | 021 035 053 | 012 0.25 0.42 0.35 | 0.00 0.00 0.00 0.00 000 000 | 000 000 0.0
32.00  2-B-IV 0.25 1.13 1.39 170 | 005 0.9 044 | 000 008 0.31 0.47 | 0.00 0.00 000 | 000 000 000 | 000 000 0.0




Table 1b: Stochastic results for dynamic depletion(Br) of CMPs to 16 OMs for Br = SSB/SSB,sy for a = 1. Medians (bold) and 90% percentage interval (PI) are shown.

Values under 0.5 shown in italics.

a=1
Br3o0 WEST EAST
a Bro 0 BrO 0
B 0 0.5 1 0 0.5 1
0.05 | Median| 0.95 0.05 | Median| 0.95 0.05 |Median| 0.95 0.05 |Median| 0.95 0.05 |Median] 0.95 0.05 | Median] 0.95
A-group 1 1Al 1.11 1.87 2.20 2.49 0.95 1.22 1.47 0.80 1.03 131 | 0.89 231 273 3.39 1.10 1.46 1.95 1.07 1.43 1.90
10 1Al 0.70 1.88 2.20 2.47 0.87 1.07 131 074  0.95 115 | 0.66 2.09 2.43 2.99 0.96 1.25 173 0.93 1.21 1.68
19 1A 1.15 1.97 2.35 2.60 1.13 1.37 1.64 | 0.97 1.21 145 | 090 | 251 2.98 3.73 1.44 1.52 2.13 1.11 1.48 2.08
28 1AV 0.66 2.07 2.46 2.72 1.08 1.30 157 | 0.92 1.13 1.39 0.67 2.21 2.58 3.15 0.97 1.31 1.74  0.94 1.26 1.70
2 2Al 0.86 1.70 2.03 2.36 0.74 0.98 1.36 | 069 091 128 | 0.23 1.32 1.58 2.03 064 093 1.29 0.63 0.92 1.27
11 2A1 0.83 1.48 177 2.06 0.61 0.87 1.20 | 055  0.79 113 | 026 | 0.84 1.02 1.30 0.16 0.29 053 015 0.28 0.51
20 2A1 0.70 1.77 2.18 2.56 0.77 1.01 141 | 071 0.96 1.32 0.14 1.24 1.53 1.94 0.76 1.05 1.43 0.75 1.03 1.42
oM 29 2ANV 0.35 1.31 1.62 191 | 0.39 054 072 | 031 0.45 0.61 024 | 089 1.09 139 022 0.37 052 021 0.35 0.49
B-group 4 1-B-l 1.11 1.82 2.08 2.36 0.75 1.03 131 | 056 084 1.17 1.07 220 257 3.20 1.22 1.56 2.06 1.19 1.53 2.01
13 1-B-Il 0.84 2.35 2.66 2.95 1.38 1.54 1.84 1.20 1.35 1.61 0.81 2.11 244 297 0.99 1.30 1.76 0.96 1.27 1.71
22 1-B-li 1.18 1.87 2.18 2.41 1.00 1.20 1.41 0.85 1.09 1.28 1.16 2.42 2.85 3.48 1.29 1.64 2.23 1.26 1.61 2.17
31 1-B-IV 0.57 254 300  3.28 1.18 1.42 1.73 0.96 1.20 1.46 0.87 2.21 2.57 3.14 1.12 1.47 1.90 1.08 1.42 1.85
5 2-B-| 0.52 1.61 1.92 2.26 0.57 0.82 1.24 | o051 0.73 1.08 | 021 1.20 1.44 1.83 0.74 1.03 1.37 0.72 1.02 1.36
14 2-B-Il 0.59 1.51 1.79 2.08 0.76 1.04 132 | 066  0.92 120 | 013 | 0.30 0.37 052 000 000 003 000 000 002
23 2-B-ll 0.24 1.35 1.67 2.01 | 0.00 0.03 0.16 000 000  0.10 0.35 | 0.00 000 000 000 000 000 000 000 0.0
32 2-B-IV 0.25 1.13 1.39 1.70 | 0.00 0.00 0.07 0.00  0.00 0.2 0.47 | 0.00 000 000 000 000 000 000 000 0.0




Table 2a: Stochastic results for average annual catch over 30 years projection (AvC30) of CMPs to 16 OMs for Br = SSB/SSBysy for a = 0.5. Medians (bold) and 90%
percentage interval (PI) are shown.

a=0.5
AvC30 WEST EAST
a 0 0.50 0 0.50
B 0 0.50 1.00 0 0.50 1.00
Median | 0.05 | Median]| 0.95 0.05 | Median| 0.95 [ Median| 0.05 | Median]| 0.95 0.05 | Median| 0.95
1.00 1Al 0.13 1.80 2.26 2.77 3.35 4.21 5.19 1.42 17.39 | 2157 | 26.73 | 17.29 | 21.31 | 26.39
10.00 1Al 0.13 1.87 2.34 2.93 3.49 4.38 5.51 1.42 17.82 | 22.74 | 2884 | 17.69 | 22.44 | 28.48
19.00 | 1AW 0.13 1.79 2.24 2.77 3.34 4.19 5.19 1.42 17.05 | 21.48 | 26552 | 16.95 [ 21.28 | 26.17
A-group 28.00 | 1AIV | 0.3 1.88 2.34 2.92 3.50 4.38 5.53 1.42 1752 | 2250 | 28.45 | 17.39 | 22.20 | 28.08
2.00 2Al 0.13 2.02 2.47 3.31 3.80 4.71 6.33 1.42 2115 | 2886 | 39.19 | 21.03 | 28.65 | 38.89
11.00 | 2A1 0.13 1.51 1.77 2.19 2.78 3.29 4.12 1.42 1851 | 2297 [ 31.16 | 18.31 | 22.64 | 30.69
20.00 | 2Am 0.13 2.12 2.66 3.55 4.01 5.08 6.85 1.42 22.12 | 30.66 | 42.19 | 22.02 | 30.47 | 41.96
oM 29.00 | 2AIV 0.13 1.83 2.18 2.86 3.37 4.03 5.34 1.42 18.08 | 23.39 | 30.02 | 17.85 | 23.03 | 29.35
4.00 1-B-I 0.13 1.74 2.22 2.83 3.25 4.20 5.36 1.42 16.38 | 19.97 | 2456 | 16.29 | 19.80 | 24.33
13.00 | 1-B-lI 0.13 1.81 2.22 2.74 3.38 4.17 5.15 1.42 16.50 | 20.89 | 26.31 | 16.39 | 20.67 | 25.98
22.00 | 1-B-l 0.13 1.73 2.28 2.93 3.25 4.32 5.59 1.42 16.40 | 19.82 | 2461 | 16.31 | 19.65 | 24.35
B-group 31.00 | 1-B-Iv | 0.13 1.87 2.35 2.94 3.51 4.43 5.53 1.42 16.54 | 20.85 | 26.44 | 16.45 | 20.68 | 26.14
5.00 2-B-I 0.13 2.33 2.96 4.26 4.42 5.68 8.21 1.42 18.88 | 30.00 | 46.07 | 18.78 | 29.81 | 4583
14.00 | 2-B-lI 0.13 1.43 1.74 2.41 2.59 3.19 4.51 1.42 1442 | 1832 | 2597 | 14.03 | 17.79 | 2553
23.00 | 2-B-l 0.13 0.90 1.05 1.24 1.52 1.78 2.18 1.37 9.07 1040 | 12.74 8.52 9.72 12.12
32.00 | 2-B-IvV | 0.13 0.81 0.94 1.11 1.24 1.54 1.84 1.30 7.52 8.19 9.06 6.59 7.86 8.68




Table 2b: Stochastic results for average annual catch over 30 years projection (AvC30) of CMPs to 16 OMs for Br = SSB/SSBy,sy for a = 1. Medians (bold) and 90%
percentage interval (PI) are shown.

a=1
Br30 WEST EAST
a Bro 0 Br0 0
B 0 0.5 1 0 0.5 1
0.05 | Median| 0.95 0.05 |Median| 0.95 [ 0.05 [Median]| 0.95 0.05 | Median| 0.95 0.05 | Median| 0.95 0.05 | Median| 0.95
A-group 1 1Al 1.11 1.87 2.20 2.49 0.95 1.22 1.47 080 103 131 | 0.89 231 2.73 3.39 1.10 1.46 1.95 1.07 1.43 1.90
10 1Al 0.70 1.88 2.20 2.47 0.87 1.07 131 | 074 095 115 | 0.66 2.09 2.43 2.9 0.96 1.25 173 093 121 168
19 1Al 1.15 1.97 2.35 2.60 113 137 164 | 097 121 145 | 090 | 251 2.98 373 144 152 213 111 148 208
28 1AV 0.66 207 246 272 | 108 130 157 | 092 113 139 | 067 | 221 258 315 097 131 174 094 126 170
2 2Al 0.86 1.70 2.03 23 | 074 098 136 | 069 091 128 | 023 | 1.32 1.58 203 064 093 129 063 092 127
11 2A1 0.83 1.48 177 206 | 061 087 120 | 055 079 113 | 026 | 084 1.02 130 016 029 053 015 028 051
20 2A10 0.70 1.77 2.18 256 | 077 101 141 | 071 096 132 | 014 | 1.24 153 194 076 105 143 075 103 142
oM 29 2AN 0.35 131 162 191 | 039 054 072 | 031 045 061 | 024 | 08 100 139 022 037 052 021 035 049
B-group 4 1-B-I 111 18 208 236 | 075 103 131 | 056 084 117 | 107 | 220 257 320 122 156 206 119 153 201
13 1-B-lI 0.84 235 266 295 | 138 154 184 | 120 135 161 | 081 | 211 244 297 099 130 176 096 127 171
22 1-B-Il 1.18 187 218 241 | 100 120 141 | 08 109 128 | 116 | 242 285 348 129 164 223 126 161 217
31 1BV 0.57 254 300 328 | 118 142 173 | 096 120 146 | 087 | 221 257 314 112 147 190 108 142 185
5 2.8l 0.52 161 192 226 | 057 08 124 | 051 073 108 | 021 | 120 144 18 074 103 137 072 102 136
14 2-B-ll 0.59 151 179 208 | 076 104 132 | 066 092 120 | 013 | 030 037 052 000 000 003 000 000 002
23 2-B-li 0.24 135 167 201 | 000 003 016 | 000 000  0.10 03 | 000 000 000 000 000 000 000 000  0.00
32 2BV 0.25 113 139 170 | 000 000 007 | 000 000 0.2 047 | 000 000 000 000 000 000 000 000 0.0




Table 3: Stochastic results for AAV of CMPs to 16 OMs for Br = SSB/SSB,sy. Note that AAV here refers to average percentage over every time the TAC changes, which is
every 2 years.

AAV WEST EAST

o 0.0 0.5 1.0 0.0 0.5 1.0
B 0.0 0.5 1.0 0.5 1.0 0.0 0.5 1.0 0.5 1.0
1 1Al 4.1 10.9 14.7 11.7 14.4 4.1 11.2 11.0 10.2 10.0
10 1AI 4.1 11.7 15.3 10.9 14.4 4.1 13.2 13.2 10.8 10.5
19 1Al 4.1 11.6 14.7 11.8 15.0 4.1 11.8 12.0 10.5 10.4
A-group 28 1AIV 4.1 11.8 14.9 11.2 14.1 4.1 13.6 13.4 10.5 10.6
2 2Al 4.1 13.5 17.7 12.7 16.9 4.1 16.9 16.9 13.6 13.5
11 2 Al 4.1 16.1 17.3 14.9 16.4 4.1 17.0 16.9 12.9 12.0
20 2All 4.1 13.7 19.3 13.3 17.5 4.1 20.0 19.9 17.0 16.5
OM 29 2AIV 4.1 12.7 16.6 12.0 15.1 4.1 16.9 16.9 11.8 111
4 1-B-I 4.1 11.6 15.2 11.5 14.5 4.1 12.2 12.2 10.0 10.1
13 1-B-ll 4.1 11.3 14.7 111 13.6 4.1 13.3 13.3 11.5 11.2
22 1-B-lli 4.1 11.9 15.7 10.7 14.6 4.1 12.2 12.2 10.2 10.2
B-group 31 1-B-IV 4.1 11.7 15.9 10.9 14.4 4.1 13.2 13.1 11.4 11.3
5 2-B-I 4.1 14.3 19.9 13.5 19.8 4.1 19.8 19.7 19.3 19.2
14 2-B-ll 4.1 14.6 17.6 13.6 16.8 4.1 20.0 20.0 20.0 20.0
23 2-B-lll 4.1 17.8 18.2 18.1 0.8 4.1 14.0 15.3 17.6 19.0
32 2-B-Iv 4.1 18.7 19.9 0.0 0.0 4.1 18.0 17.1 54 51




Table 4a: Comparison of Br30 values for Stochastic (median shown) and Deterministic projections of 16 Oms under CMPs. Result s for West Stock. Values of Br30 under 0.5

are shown in italics.

Br30 WEST STOCK
a 0 0.5
B 0 0.5 1 0.5 1
Median Det. Median Det. Median Det. Median Det. Median Det.
1 1AI 2.20 2.19 1.42 1.61 1.23 1.45 1.22 1.42 1.03 1.27
10 1Al 2.20 2.19 1.34 1.53 1.18 1.39 1.07 1.29 0.95 1.16
19 1A 2.35 2.32 1.59 1.74 1.41 1.57 1.37 1.53 1.21 1.38
A-group 28 1AV 2.46 2.44 1.57 1.76 1.38 1.59 1.30 1.51 1.13 1.35
2 2A1 2.03 2.05 1.32 1.47 1.23 1.40 0.98 1.11 0.91 1.05
11 2AI 1.77 1.79 1.14 1.23 1.06 1.16 0.87 0.96 0.79 0.89
20 2All 2.18 1.38 1.42 1.06 1.34 0.99 1.01 0.93 0.96 0.86
OM 29 2AIV 1.62 1.63 0.77 0.91 0.66 0.81 0.54 0.62 0.45 0.55
4 1-B- 2.08 2.09 1.26 1.44 1.13 1.33 1.03 1.24 0.84 1.14
13 1-B-lI 2.66 2.68 1.78 2.04 1.56 1.83 1.54 1.80 1.35 1.61
22 1-B-lIl 2.18 2.17 1.40 1.49 1.27 1.40 1.20 1.34 1.09 1.25
B-group 31 1-B-IV 3.00 3.00 1.77 2.06 1.50 1.80 1.42 1.73 1.20 1.50
5 2-B-I 1.92 1.95 1.22 1.42 1.10 1.33 0.82 1.06 0.73 0.98
14 2-B-lI 1.79 1.82 1.22 1.20 1.10 1.09 1.04 1.09 0.92 1.00
23 2-B-lll 1.67 1.05 0.35 0.22 0.25 0.08 0.03 0.08 0.00 0.02
32 2-B-Iv 1.39 0.17 0.19 0.00 0.08 0.00 0.00 0.00 0.00 0.00
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Table 4b: Comparison of Br30 values for Stochastic (median shown) and Deterministic projections of 16 Oms under CMPs. Result s for East Stock. Values of Br30 under 0.5
are shown in jtalics.

Br30 EAST STOCK
a 0 0.5
B 0 0.5 1 0.5 1
Median Det. Median Det. Median Det. Median Det. Median Det.
1 1AI 2.73 2.75 1.95 2.12 1.90 2.08 1.46 1.67 1.43 1.64
10 1AI 2.43 2.49 1.73 1.88 1.68 1.84 1.25 1.46 1.21 1.43
19 1Al 2.98 3.02 2.09 2.29 2.03 2.25 1.52 1.78 1.48 1.74
A-group 28 1AV 2.58 2.63 1.78 1.96 1.73 1.91 1.31 1.51 1.26 1.47
2 2A1 1.58 1.65 1.23 1.36 1.21 1.34 0.93 1.14 0.92 1.12
11 2AI 1.02 1.09 0.57 0.71 0.56 0.70 0.29 0.46 0.28 0.45
20 2A1 1.53 1.57 1.26 0.94 1.24 0.92 1.05 0.45 1.03 0.44
OM 29 2AIV 1.09 1.14 0.66 0.78 0.63 0.76 0.37 0.54 0.35 0.52
4 1-B-1 2.57 2.61 2.01 2.10 1.97 2.07 1.56 1.68 1.53 1.65
13 1-B-lI 2.44 2.50 1.77 1.93 1.73 1.89 1.30 1.50 1.27 1.46
22 1-B-lll 2.85 2.88 2.18 2.31 2.14 2.27 1.64 1.82 1.61 1.78
B-group 31 1-B-IvV 2.57 2.65 1.92 2.09 1.86 2.05 1.47 1.67 1.42 1.63
5 2-B-I 1.44 1.55 1.22 1.38 1.20 1.37 1.03 1.24 1.02 1.23
14 2-B-ll 0.37 0.48 0.09 0.20 0.08 0.19 0.00 0.03 0.00 0.03
23 2-B-lll 0.00 2.00 0.00 1.79 0.00 1.77 0.00 1.62 0.00 1.60
32 2-B-IV 0.00 1.54 0.00 1.15 0.00 1.12 0.00 0.86 0.00 0.83
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Table 5: Br30 values for different a and B combinations for 2BIll (OM23) and 2BIV (OM32) for the deterministic case.

Br30 OM23 OM32
a B West || East West || East
0 0 1.04 2.00 0.17 1.54
0.25 0 0.64 1.87 0.03 1.30
0.5 0 0.50 1.79 0.01 1.17
0.5 0.5 0.12 1.77 0.00 1.13
BrO 0.24 0.35 0.25 0.47
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Figure 6a. SSB and Br
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0.5). Notation in the plots is alpha

22



2BIV (OM32)_SSB (East)

45000

2BIV (OM32)_SSB (West)

1600

0250
0250

0.0
0.0

o

ol

o
.
.
.
.
.
.

== == (0505

o

n

[}
.
.
.
.
.
.

== == (05 05

5902 590¢
0907 \m, 0907
550C @ 5502
0s0¢ — 050¢
svoc = Y0z
ovoc g 0v0T
seozl 5507
0g0C 0£07
~
ST @
570¢
oz N 0207
stz | -
010z ™~
cooz @ 0102
0002 > 5002
ses1 = 000z
066T = S66T
a 066T
sg6T @
0861 5861
5461 0861
0/6T S/6T
G96T 0/6T
g 888 888 8 ° 5961
8 8 8 83 8 8 8 R W ~ 0 - " o
= 28] 1a] (o] ~ — = o~ —l o
ass Aswigss/ass
o L o n
w99 w99
S L S a on o
(=) (=] (=] (=] (=] (=] (=) (=]
: :
| |
3 co0z . 1 co0z
4000z % 4 090z
j S50t M m_mmom
s oS0z = ¢ 050C
d svoz > 4 svoe
u_ oroe m m_owow
n_ SE0¢ o * g0z
L] S
: 0€0¢ ....C“..u... quDN
S0 m 6202
oz, A 0202
H stz _| s10C
o0z N 0Tz
_ S00T S <007
000z & 0002
_ a66T > S66T
066T =
oy O 066T
i ~ S86T
/st MWMH
..._.l.\\\ o6t 0461
st S96T cort
[w] (=] (=] (=]
g K 8 m m m m o N W T Mmoo o O
— — — o o (=] o (=) (=] o (=] (=)
4ss Aswigss/gss

23

=0.5,

0) and (alpha

0.5, beta=

=0), (alpha

0.25, beta

0), (alpha

0, beta

beta.

SSB/SSBmsy for 2BIV (OM32) under four different CMP scenario: (alpha

0.5). Notation in the plots is alpha

Figure 6b. SSB and Br
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