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Chapter 1

Introduction

1.1 The nuisance parameter problem
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Chapter 2

Parameter estimation in the strata

mean model

2.1 Content and notation
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2.2 Review of likelihood and quasi-likelihood methods
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Chapter 3

The negative binomial strata mean
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Chapter 4

Application to 3Ps Atlantic cod
data

4.1 Background

n
1 Newlonland & Labendor thesock of At o (Godus morbus, e 4.1, commanly efervl

G the onth cos o the il of Newloundland

(s Figure 42, curently support the gt cod iy off csoen Camdo.

P ————

Survey design and abundance estimation

 Departnen of Fisbris & Ocent (DFO) condicts wo rsearch (1wl suveys per
A of Newlounlae & Labewdor, The ‘Sprng survey’ russ btwwen



Apeil s e s coves divisions SLNOP?, 0 that subeivision 3Ps i oy surveyed once per
year. Survey o

by mamagers i stakcholders

mmber of trata tha ave lcgely detecied by ocewn depth (e Figure 43). Steatiid simple
random, samplin is e 10 determine smplng locatons . approsimatly the same time cach
e, An observation rom the sampe consists of th suber of el caugh i one standardizel
J—— a
over s distancr. Tho spling st i the v e the bottom coverd by one tandardized

ot tobe
sulfcint o catimating abrdance in traw]sureys (13 One inportant proble ith he dsign
s aproach i e 0 the measurement ror nberent i trav] sanplin, in G ot ll s

i the presece of ensurement cror, desigo b estimatos - which do o tak o ezt

ompld. A probabilitic model and thus & e ased cotimator fr truwiable abandanc e
-

412 A probabilistic model for trawl catches

Lot the stk aren be lvidd itV oqualysan smplng uits withthe 1wt = 1N

continin, i, tha te ol mumber of i i the ok s = 21, 4. Recl ha ach
e et
oo, ditoce, ad squilenly,dustion. Fo an soch o (vithdoeoion T) corsponding 0

e % cmple i, the sumber offih that have vt the trov] o e £, £ < T describ






The aneage tromiable stock sise

o typically the messur of trawlabile abundance tha s o s

s,
ot with Ny possibie snapling i i the 14 sratum 5 tha e bave . otal of 54 Mg = N
posible sanpin units. Let W = Mo/ be the wight, o proportonal s, of the
oo mple of m it st o ech st o, a befoe, e have 32, = s the

rstom. A

e fthe sample. e sample ot f e beraions (F = .., = ...},
%
.
=St @
it nbinse for e without needing any assumption about Vi, [15].
o e e oten
L & o o i ok depitien, o uaion e by e o rowd

contguration,random saristion i ocean condition (L. currents), k. tha cawe averdlisperson

st iy & naura chlcs fo modeling Yo, 50w e Vi - egbin(in )  pr the ND.

4.2 Inference about i
421 Design-based inference
The desig-bnsd vrance o i 1]

(i) (a2n




[T TR ——

oty = o (M) 4 22

i we will dote 7). W bave hat s ormally disibuted by he contal i oo,

and ine Bl = s, the watii

~ MO 29

for sl ange s siss. 1 e couk callte varp 7 exacly the (1~ )% conidence
el for 1 can b caleubiod s

1-a=P(-aaa<T<

)
= (i s < < s AT )

S0 o 33/ ) would contain 4 (1~ )% o snpls, where PYT > 472) = a2 In
practio, wo cannot cakenlate e ) exael. Wo can bomever eninte v, by (), o o

o e
T a2
ety

ot thdsce 7 N0 1) and . (8 o) % 1, e

15, .
LN w2
T e o T ik

s desig-based (1~ ) condenceieral o

b VT

o i curtet DFO stk

Tl

e o = Wy~ (8]
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422 Modek-based inference
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in fo i 0 stimate V() then /(5 has expectation
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s
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w1t
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unbla fo e ().
The etimator vir(3) accouns for both modes of vaiation present - tht doe 1 the sanpe

esp—_— [epn—
103 We coud then e the stattic

i

o)
Lo derive cofdence ieral for i, bt dve o the shewed nacure of ] suvey dna, his may
et o better than 7.

Catigan roposes s method in (13 fo calclating egative binomial coudence terals tht

inthe ol 1o tha /s /Y, the
el = 35 )

) e

) 3 sk 0)
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o -4 = 43242, e o plce s e boveexemon by s+ 2=
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i o (S 2 - )|
i (S )

Lo i

1Y, Walpun — p)? is proportional to pi* such that.
Sl

forsome 3> 0, hen,

.

st gt

[

Lrighe]

wber by = 4/(1+8). Coigan sk tht enpin exeace e 1o gt beteemtrta

Teviaion i was ety roptiond 4, with 3> 1 prctic. Thun, th oo wd o
R

e . Wedetne

Znam ~NO1) 25
ey e

e 0 it confience kel similal. Cofdence nerals o s o Z e

on 7 or i Pison a1 negative binomial data 13, Confdence itervals bsed on Zy ko do
ot cover ngtive: s, while thi can b  probles for those based o T* (e Figre 419).

Inerals Vs Zxp e ok eymmetic nd betier et the skowed nature of trawl survy.
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covernge roperties. Using 7, (1~ 20)%. conence vl o s
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4.3 Estimates of trawlable abundance for 3Ps Atlantic cod,
1996-2007

We sl DFO rserch data. rom 1906207 to etimate both poin and inervl stmates for

bl abundance of At o by year Noe that we do ot e daa for 2006 s he survy.

s ot complte hat yens. Surveyto ocations s caches by year re ploid i Figures 44,

45, a4, nd surmary sttt o te 3P data v show i Tale 4.1, The data re eavily

siven vt s between 11 13. I almostal yers, ovee 0% of the st sanplod conaind
only two omrvations.

Srotum sample means are lottd gt Sesum s vrianos acrows years i Fgures
47, 48, and 49, The s plos o & og el v shown n Figures 410, 411, and 412 Sice

with s
ool 102
W calulate norml, £ and segativ bisoial 95% condence nerals for mesn triable
T 4,
T 42 e end
i chapter o td
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Appendix A
Appendix A

Al Laplace approximation

Consider L(9y)  Hheiboo

the o ke, The Taylor expassion o L aroud ay point

can b written i ters o o

10 =0ma 1 dervativs)

Noti s tht the MLE il (9 < 0. ntogaating squaton A.1.1ove the e ey

i} e

4ot te g i th el o » N(B,1/1°0)

Intograte 0 0n il th rquired noeolisog

[ o i} {
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Joo{roi

iwp
Loy S

A2 Saddlepoint approximation

Conmider a densty () vith moment enertin fuction (or Lapace

)ttt

proided the nteal s i for £ € (~do,8), & > 0 Delne he

ety
1= g ot
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=g [ e Kt - wnh a21)
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