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Objectives

Investigate the effects of simulating uncertainty in length at
age In an age-structured model

1. Verify expected outcome of including uncertainty
(parametric bootstrapping)

2. Discuss remaining questions for simulation methods
(Rescale sel, and mat, to max of 1?)



Monte Carlo simulation

Completed Work:

Step 1) Model numbers at age with simulated uncertainty in recruitment
Step 2) Model sel, and mat, and simulate uncertainty in length at age
Step 3) Transform simulated uncertainty in length at age into simulated
uncertainty in sel, and mat,

Ongoing Work:

Step 4) Project numbers at age ahead with fixed (assumed) parameter values for most
life history and simulated uncertainty in recruitment and length at age

Step 5) Summarize the distributions of derived variables for stock status

Step 6) Repeat — evaluate model sensitivity to assumed fixed parameter values

Step 7) Risk analysis — summarize results over a range of “what if scenarios”
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Numbers at age
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Length-based sel, and mat,
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where

L = asymptotic (maximum) length,

k = the growth rate parameter,

t, = the age when an individual would have been at L =0,

g, ~N (ﬂLa i&i ) where g, was the predicted LVB length at each age a without
uncertainty,

52 was the assumed variance in length at each age « required to achieve a constant CV.



Aqge-length transition matrix
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(Wetzel and Punt, 2011; Methot and
Wetzel, in Press)

? Citations (difficult to interpret)
1.Verify expected outcome (parametric
bootstrapping)

2.Verify methods (rescale to max of 1?)



Verify expected outcome

(parametric bootstrap)
O Draw a random length at each age (1-50)

a) L=L(-¢"")ie; & ~N00? )a=(rr+l..4)

b) Za = Lw(l—efk(aft‘)))e% + &~ N(O; GLza ), a=(r,r+1...,A4)

O Determine sel, and mat, at simulated length

Y ay(p-L,) m
Selza:(ll j[l 7}( : a(ﬂza)j mp = _;:.(Z =)
-y 14 l+e a 1_|_e a

O Assign sel, and mat, to each age (1-50)

sel; = sel; ms =mg

O Repeat (n=10,000) and summarize



O  Draw a random length at each age (1-50)

SD of length at age bin
Normally distributed with Constant CV (20%)

700 ¢ sd(L)
600 -
25007 .lllllllllllIllllIlT- = z_’sgi)"‘e“ length
£ me
S ann®
2 400 - -
2 "
s ..- —Lmax
5300 - o
3 "
u
200 1 "
L ——Linf
(]
100 _.. .'"."..‘.’"".‘00‘.“’0""0.’..'.’.0'00
0 To"“'
10 20 30 40 50
Age (years)
Simulated Length at Age, nboot = 10K Simulated Length at Age, nboot = 10K
Normally distributed with Constant CV (20%) Lognormally distributed with CV (20%0)
| == Predicted length (LVB) O ConstantCV L_Sim (cm TL) —Lmax ——Linf ‘ | == predicted length (LVB) O Lognormally Distributed L_Sim (cm TL) ——Lmax ——Linf |
800 T ., o u. o %8 Lo 800 T o fogo8 .88
0o Og o op_oBo - goo® -
700 (L max=700) = o SED nDE:SSgEEEDDSE 700 (Lmax = 700) D ° Dg 8 _8 ﬁ? q_éEl éE EEE;E
sooefeoiperos 58 cEriBERes 0
RN TN T EEEH L TR AHHTHH T
HEEEgggeE 3 : 600 | g EEEE
~ 600 | s ~ E E
o (L_inf=510) _ [= g
£ 500 f
£ o)
) - <
éc':.D S 400 | g
§ 3 H €S9 g = g g i
. 300 | SHEEgE EBEEar 550 Bo Zo
o B _g: :EEDEZQDUDE o g . 0T °
DE:ED‘DEEE B DEE o o, 200
ooo, o Og a
o o !
100 + (Maxage bin = 50+)
(Maxage bin = 50+)
0 + + + + 1
, , } 0 10 20 30 40 50
30 40 50

Age (years)
Age (years)



4
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=1
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O Bootstrap  Sel; = sel-

Al
sel = E @, sel,
[=1
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Conclusions

0 Mean of bootstrap approximated results from transition
matrix

mean(sel; ) = sel, —Z¢a ;sel,

o Median of bootstrap apprOX|mated results from back-
transformed von Bertalanffy growth curve
o median(sel~ ) = sel, =sel,

" whereL, L(— Ka- to))

O Todo )
» Rescaleto1? e = Z@ ;sel,
- [=1

_ sel I max(sel, )?



O

Rescale sel ,and mat, to max of 17

O
O

Rescale to 17?

Probability

Literature not clear
Rules of thumb?
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Example: Proportions at length

[ 1 {TﬁdL ForL =1L, e.g., Methot, 1990, and 2000,
b 226, - e.g., their stage 1 model case
1 {(LTL? ] 4 transition matrix; e.g.,
Pia =1, 'W ‘o7 laLForL,, <L <L, Haddon, 2011, their length-

to-length transition matrix

[(%%ﬂ for a stage based model
j dLForL =L,
® \/ O'
pﬁ,l,al pfz,al pﬁm,al
o L= g .
nélnéz.“nf nalnaz.”nan ¢ :
_p’kl!{zf? pﬂm’an |

where each element 7, ,i =1,23,...,m of N, is calculated as

n, :”al Xpé‘i,al +na2 Xp'{fgvéfz -{—..,-!*}3% ngg’afg

n
= Znaj ngi,aj
J=1

Rescale as a proportion by dividing by the sum (~pdf) [standard is to rescale before multiplying by matrix]
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Example: Proportions at age

(e.g., Methot, 1990, 2000; their

Sel =P, e Sel stage 2 model — size specific
a ?.a [ SN :
availability; Coleraine Users
where Manual e.g., their page 8),

P, isthe (nxm) length-at-age transition matrix (equation 2),
Sel, is a (1x m) vector of the selectivity at length by bin ¢,,i=1,2,3,...,m, and
Sel, isa (1xn) vector of the simulated selectivity at age by bin a, j=123..n

An example of the (nx1) = (nxm) (mx1) matrix multiplication is

sel, | . - | sel,

§ela2 pﬂl,al p;ézgal pfm,al S@Zﬁz
. pfl,az ) °

R P, P

Sela | Ftay, mn Selﬁ

:wherg each element sel, ,j=1,23,...,n Of §ela is calculated as
sel, =p, . xsel, +p, , xsel, +..+p, , xsel,

m
sel, = lepz,-,aj x sel,
1=



EX. Proportions at age (CV = 0.001)

O 5 age bins and 6 length bins low (CV = 0.0001)

O
O

288+1, 405+1, 487+1 cm TL), CV = 0.0001.

Rounded to

nearest integer
Assumed true  LVB

age (a)

1 74
6 210
10 288
20 405
40 487

a=(1,6, 10, 20, 40) (yrs)
L= (74+1, 210+1, 288+1, 405+1, 487+1 ) (cm TL)

Example 1. Five age bins with low uncertainty: « = (1, 6, 10, 20, 40), 7, = (74+1, 210+1,

[ [ ]

sd(L)
0.0074
00210
0.0288
0.0405
0.0487

Check
cv

0.0001
0.0001
0.0001
0.0001
0.0001

Upperbound | 75 | 211 | 289
(e.g., <75)

| age | Lowerbound | 0 75| 211
(e.9.>=0)
T 1000 0000 0.000 0.000
6 0000 1000 0.000 0.000
10 0000 0.000 1.000 0.000
20 0000 0.000 0.000 1000
40 0000 0.000 0.000 0.000

Lengthbinem T

a0
a0
a0

Rescaled to Max 1

0.000
0.000
0.000
0.000
1.000

a  Pa=PSL  LVB PSL sd(L)  CheckCV PLA=P_la*Pa  PLAMax(PL")
1 00068 736003 00068 00074  0.0001 0.0068 00070
6 09689 2100671 09689 00210  0.0001 0.9689 1.0000
10 00238 287.8043 00238 00288  0.0001 00238 00246
20 00000 4050422 00000 00405  0.0001 0.0000 0.0000
40 00000 486.5807 00000  0.0487  0.0001 0.0000 0.0000
Grand Total  Sum 1.000 Sum 1.000 1.032
Max 0969 Max 0969 1.000
Rescaled to Max 1
a  Pa=PML LVB PML sd(L)  CheckCV PLA=P_la*Pa  PLAMax(PL")
T 00000 7360027 00000 0.00736 0.0001 0.0000 0.0000
6 00000 2100671 00000 0.021007  0.0001 0.0000 0.0000
10 00000 287.8043 0.0000  0.02878 0.0001 0.0000 0.0000
20 00762 4050422 0.0762 0.040504  0.0001 0.0762 00764
40 09965 4865807 09965 0048658  0.0001 0.9965 1.0000
Grand Total  Sum 1073 sum 1073 1076
Max 0997 Max 0.997 1.000

0.000
0.000
0.000
0.000
0.000

1.000
1.000
1.000
1.000
1.000

Proportion Selected at Age
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EX. Proportions at age (CV =0.2)

O 5 age bins and 6 length bins low (CV = 0.2)
O a=(1,06,10, 20, 40) (yrs)
O L= (74+1, 210+1, 288+1, 405+1, 487+1 ) (cm TL)

Example 2. Five age bins with moderate uncertainty: a,= (1, 6, 10, 20, 40), /,= (74+1, 210+1, P . S I d A
2651, 40511, 48741 cm TU), OV = 02 roportion Selected at Age
1.0000 @
Round to Upper 75 211 | 289 788 | 488+ -
nearest bound (e.g., &
integer <75) \
Assumed LVB sd(L) Check age | Lower 0 75 211 488
true age (@) cv bound (e.g., 0.8000 "
>=0)
1 74 147201 0.1989 1 05271 04729 00000 0.0000 0.0000 0.0000 1.000 - @= +Se| an / Max(SeI a/\) Ccv=0.2
6 210 420134 02001 6 00007 05088 0.4605 00300 00000 0.0000 1.000 g 0.6000 \
10 288 57.5609 0.1999 10 00001 00904 04164 04729 00199 0.0003 1.000 -~ \
5 —=—Sel_I_1
20 405 810084  0.2000 20 00000 00083 00678 04288 03423 0528 1.000 <} \ __
40 487 97.3161 0.1998 40 00000 00023 00187 01817 03015 0.4959 1.000 g'
= 0.4000 -
e / \ —A— Sel_a?
0.2000 ),
. ~
. ~
.QS >
0.0000 - - 7Y |
0 10 20 30 40 50
Age
[——
Rescaled to Max 1 .
s Pl VB RS WU ChekcV Ppita LML) Proportion Mature at Age
1 00068 736003 00068 147201 02000 00042 0.0084
1.0000 =
6 09689 2100671 09689 420134  0.2000 04984 1.0000 -
10 00238 287.8043 00238 57.5609  0.2000 04561 09152 -~ -
20 00000 4050422 00000 810084  0.2000 0.0404 00810 0.8000 - P A
40 00000 4865807 00000 97.3161  0.2000 0.0005 00010 -
4
Grand Total Sum  1.000 Sum 1,000 2006 g 0.6000 10’ — & Mat_a*/Max(Mat_a”)CV=0.2
Max 0969 Max 0498 1,000 b . /
2 ’
Rescaled to Max 1 g2 ) —F— Mat_|
a  Pa=PML LVB  PML  sd(l) CheckCV PLA=P_la*Pa  PLAMax(PL") a 0.4000 7
1 00000 736003 00000 147201  0.2000 0.0000 00000 /
6 00000 2100671 00000 420134  0.2000 00029 00089 /, —A— Mat_ah
10 00000 287.8043 00000 57.5609  0.2000 00238 00728 0.2000 /
20 00762 4050422 00762 810084  0.2000 02137 06545
40 09965 4865807 09965 97.3161 02000 0.3265 1.0000
0.0000 T T T )
Grand Total Sum  1.073 sum 0567 1736 0 10 20 30 40 50
Max  0.997 Max 0327 1.000 Age




Questions?

L
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