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Evaluating the science behind the management advice 
for North Sea cod
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Since 1974, annual assessm ents have c o n stitu ted  th e  core o f  th e  scientific advice underp inn ing  m anagem en t o f  th e  N orth  Sea 
cod stock. Here, we base o u r  evaluation o f th e  assessm ents' perfo rm ance  on  th e  quality o f th e  adv ice  and  on th e  w ider issue of 
how  science is used to  p roduce  m anagem ent advice. A t th e  sam e tim e, w e consider catch-at-age analyses and  catch  forecasts in 
th e  co n te x t of th e  a m o u n t of person-tim e and  expertise available a t  th e  relevant working g ro u p  meetings. The results indicate 
that, generally, th e  ca tch  forecasts have been positively biased an d  th a t th e  bias has been driven by th re e  main factors: (i) substantial 
overestim ates o f term inal stock  size since th e  late 1990s, (ii) overestim ates o f incom ing recruitm ent, a n d  (iii) overestim ates of grow th. 
Inform ation  for o th e r  N orth  Sea stocks (haddock, plaice, and  sole) suggests th a t  bias is a problem  generally, n o t one unique to  cod. 
O ur results include a discussion of ways to  use science m ore effectively in supplying m anagem ent advice.
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Introduction
C od (Gadus m orhua) in  th e  N o rth  Sea have been an  im p o rtan t 
target o f  fisheries fo r a t least 100 y  (Daan, 1978; H islop, 1996; 
Pope and  M acer, 1996; B annister, 2004). Scientific advice on the 
state o f th e  stock has been provided annually  since 1974. In 
recent years, th e  cod stocks and  fisheries in  the  N o rth  A tlantic 
have been subjected  to  particularly  close scrutiny, a reflection o f 
their historical im p o rtan ce  (Kurlansky, 1997), the collapse of 
C anada’s n o rth e rn  cod  stock (Finlayson, 1994), and  the general 
de te rio ra tio n  o f  stocks in  EU waters.

Given the long h isto ry  o f  N o rth  Sea cod assessm ents an d  associ­
ated advice, an  evaluation  o f  th e  effectiveness o f  the science beh ind  
m anagem en t advice is appropria te . The assessm ent/advice process 
follows an  annual cycle th a t reflects the needs o f  the p rim ary  cus­
tom er, th e  C om m ission  o f  th e  European C om m unities, for annual 
to tal allowable catch  (TA C)-based advice (H olden, 1994). Data 
from  com m ercial catches and  research-vessel surveys are  com piled 
each year an d  added  to  th e  historical tim e-series fo r use by an  ICES 
stock assessm ent w ork ing  group  (hereafter W G). A t the W G 
m eeting, th e  state o f  th e  stock  is evaluated relative to  earlier 
years an d  to  specified reference points. The stock estim ates are 
then  p ro jected  forw ard  fo r different exploitation rates, to  
provide a range o f  catch  o p tio n s for the  next year. Subsequently, 
the assessm ent and  catch  forecast are peer-reviewed by  th e  ICES 
Advisory C om m ittee  fo r Fisheries M anagem ent, w hich  is also 
responsible fo r d rafting  the  m anagem ent advice.

S tock assessm ent is clearly the heart o f  the advisory process, bu t 
an  evaluation  o f  the science m u st also consider the data collection

program m es, as well as the inpu ts to  the catch forecasts. A lthough 
less directly a scientific consideration, the expertise an d  tim e 
available at W G m eetings could  also affect th e  perform ance of 
th e  assessm ent and the  resulting advice.

Evaluation criteria
T he advice is typically presented in  the fo rm  o f  a catch-op tion  
table th at expresses th e  results o f  a forecast th ro u g h  the catch 
and  spaw ning-stock biom ass (SSB) th at w ould  result from  apply­
ing a specific fishing m ortality  (F ) during  th e  TAC year. In  
practice, F  canno t be controlled directly; the in ten tion  o f  a  TAC 
is to  co n tro l removals from  the stock  and  thus to achieve a specific 
F. O n  a technical level, therefore, th e  key aspect to  evaluate is the 
link  betw een forecast catch and im plied F.

The forecast catches are based on the estim ated p o p u lation  
n um bers projected  forw ard into the TAC year, com bined w ith  esti­
m ates o f  recru itm en t an d  growth fo r the sam e period. I f  th e  TAC 
advice were followed exactly and  im plem ented strictly, the obvious 
evaluation  criterion  w ould  be the m atch betw een th e  im plied and 
the realized F. I f  there is a close correspondence betw een the two, 
th e  science (an d  the advice) can be said to  have perform ed  well. In 
practice, th e  evaluation is less straightforw ard, p rim arily  because 
the agreed TAC m ay deviate from  the advice an d  catches m ay 
deviate from  the agreed TAC. Therefore, we com pare  in itial and 
subsequent estim ates o f  the same param eters (F, SSB), i.e. the 
evaluation is based on in ternal assessment consistency.
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A ssessm en t in p u ts
T he assessm ent process relies on  a variety o f  inpu ts, and  their 
quality  m u st be  considered. The m aterial covered here refers to 
all assessm ents up to  and includ ing  2002.

Catch-at-age data
All assessments used som e form  o f  catch-at-age analysis, w hich 
requires to ta l catches disaggregated by  age. These da ta  are obtained 
b y  raising age com positions from  sam pled catches to  the estim ated 
to ta l catch. O ’Brien et a í  (2001) estim ated coefficients o f  variation  
fo r the to ta l in te rnational landings-at-age data for N o rth  Sea cod 
and  investigated the  effect o f  sam pling erro r on the param eters 
estim ated by  the stock assessm ent. They concluded th at current 
levels o f  m arket sam pling cause negligible variability in  assessm ent 
o u tp u ts  w hen com pared  w ith  how  the o u tp u t is affected by the 
quality  o f  landings statistics. Because collection o f  the latter is 
explicitly the responsibility  o f  regulatory authorities rather than  
scientists, th e ir quality  is n o t considered here.

Estim ates o f  discards have n o t been  included in  th e  catch data. 
A lthough  a tim e-series o f cod discard estimates is available for the 
Scottish fleet, these have n o t been used in routine  assessments, 
partly  because the estim ates are relatively low w hen com pared 
w ith  Scottish cod landings (S tratoudakis et a l ,  1999) and  partly  
because Scottish discarding practices are unlikely to be representa­
tive o f those o f o th er fleets (ICES, 2003). The lack o f discard 
in fo rm ation  in th e  in p u ts  represents an obvious weakness in the 
assessment.

Catch-per-unit-effort data
In  recent years, the  cod assessm ent has been tu n ed  using indices 
from  three  ind ep en d en t research-vessel surveys. Evaluation o f 
these surveys indicated  th a t the indices were relatively precise 
an d  consistent, b o th  w ith in  an d  am ong surveys (Beare et a l ,  2003).

Biological param eters
The (fixed) values fo r na tu ra l m orta lity  currently  used are averages 
by  age over th e  years 1980-1982 , derived from  m ultispecies virtual 
popu lation  analysis (MSVPA; Sparre, 1991), and  so allow for 
differences in p red atio n  m ortality-at-age, bu t n o t o f possible 
tem poral changes. These values have been reviewed subsequently  
in  the light o f  u p dated  M SVPA runs, b u t a t least u n til 1998, 
th e  values from  th e  u p dated  ru n s have been sufficiently sim ilar 
to  the values in  use th a t n o  change was considered necessary 
(ICES, 1999).

Estim ates o f  w eight-at-age in  the  catch and  in  the  sea are 
taken from  th e  m ark e t sam pling  program m e. M aturity-at-age is 
a constan t vector, w ith  no v aria tion  by year. Using m ore  realistic 
estim ates o f grow th and  m aturity , the scale o f  th e  SSB values 
altered, b u t the trajecto ry  over tim e did no t change substantially  
(C ook et a l ,  1999).

WG effort, expertise, and  workload
T he am o u n t o f scientific expertise and  person-tim e available to  do 
a p ro p e r assessm ent can be sum m arized  in  term s o f  m eeting  d u r­
a tio n  and  n u m b er o f  partic ipan ts (Table 1). The nam e o f th e  W G 
has changed over th e  years, as has the n um ber o f  stocks assessed. 
T his m ust be  taken into acco u n t w hen considering the expertise 
available specifically fo r cod. Also, the stock definition (originally 
Subarea IV) changed  over th e  years, such th at the  current 
defin ition  includes cod  in  th e  adjacent areas o f th e  Skagerrak

(ICES Division I lla ) a n d  the  Eastern Channel (ICES Division 
V lld ). For convenience, however, we use the term  “N orth  Sea 
cod stock” th ro u g h o u t.

T he du ra tio n  o f  W G  m eetings was initially fixed at 5 d  and  is 
curren tly  fixed at 10 d . In  between, especially from  1981 to  1992, 
d u ra tio n  was m ore  variable, perhaps indicating an  a ttem pt to 
adjust th e  length o f  th e  m eeting to  the expected w orkload. The 
n um ber o f  p a rtic ip an ts  show ed a gradual decrease before about 
1985 and  a general increase thereafter. These tw o m easures 
m ay be com bined  to  p ro v id e  to ta l effort in  person-days for each 
m eeting  (Figure la ) .  T h e  overall q u an tity  o f  scientific effort 
expended has increased  in a ra ther linear m anner, from  around  
50 person-days in  th e  m id-1970s to  nearly 200 person-days 
25 years later.

W hether th e  expertise  o f  th e  partic ipan ts has changed over the 
years is difficult to  quantify , b u t as a proxy, we use the experience 
o f  each p a rtic ipan t in term s o f the n um ber o f  W G meetings 
a ttended  previously. O f  course, this m easure does n o t take into 
account w hether a m em b er has a ttended  o ther W G or has had 
any form al train ing . D u rin g  th e  29 W Gs m eetings (1974-2002) 
considered here, 105 scientists participated  in  at least one 
m eeting, and  one “ve teran” a ttended  22 m eetings (Figure lb ). 
The d istrib u tio n  is clearly skewed, w ith  m any  people having 
attended  only a single m eeting. It m ay be m ore  inform ative 
to  look at the  average assessm ent experience represented by all 
participan ts p resen t a t each m eeting (Figure le). Following an 
initial “b u rn -in ” p e rio d , th e  experience available has been rem ark­
ably consistent, p a rtic ip an ts  having o n  average fou r to  five m eet­
ings o f  experience. T he dip in 1992 an d  1993 reflects integration 
o f the R oundfish  and  Flatfish W Gs, ra ther than  a true  dip in 
assessm ent experience.

An approx im ate  index  o f the  to ta l w orkload can  be obtained 
from  th e  n u m b er o f  stocks fo r w hich standard  assessments have 
been requested (Table 1; full stocks, assessed by som e form  o f 
m odel). W e neglect to consider here  th a t incidental requests for 
add itional advice m ay  absorb  considerable tim e o f WG 
m em bers. T he n u m b er o f  stocks considered by the W G has 
varied because o f  a regular restructuring  process. The im p ortan t 
conclusion is th at th e  n u m b er o f available m an-days per full 
stock has fluctuated  w ith o u t obvious trend  (Figure Id).

T he ou tp u t o f  a W G  m eeting  is its report. Hence, the num ber of 
pages in  each rep o rt m akes a useful m etric  o f  the am o u n t o f  work 
actually done  (Table 1). T he n u m b er o f pages p roduced  show ed a 
steady increase u n til ab o u t 1987, w hen the increase accelerated to 
peak in  1997. In  recen t years, th ere  has been a slight decline. The 
productiv ity  o f  th e  attendees in  term s o f  pages p roduced  per 
pe rson-day  rem ained  m ore o r  less constan t at about one page 
un til ab o u t 1988, after w hich it increased to a peak  in  1996 and 
since th en  has rem ained at a ro u n d  th ree  pages per person-day 
(Figure le ) . A t least p a r t o f  the increase m ay be a ttribu ted  to  devel­
opm ents in  p o rtab le  co m puter technology. However, the  key soft­
ware in  use has changed little since 1992, so this tren d  does seem to 
reflect a real increase in th e  w orkload a n d /o r  p roductiv ity  of 
the WG.

T he n u m b er o f  pages dedicated to  N o rth  Sea cod can only be 
calculated from  1979 (Table 1). T he section has increased in  line 
w ith th e  size o f  the overall report. After som e larger variations 
in the  earlier years, the p ro p o rtio n  o f  the report taken up by the 
section devoted to  cod  has rem ained  largely stable a t close to  10%.

O ver th e  29-y period , the W G  has dem onstra ted  considerable 
scientific ability in  developing new analytical tools. A lthough
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T a b le  1. C h a rac te r is tic s  o f  th e  m e e tin g s  a n d  re p o r ts  o f  th e  ICES W G s th a t  h av e  a ssessed  t h e  N o r th  S ea c o d  s to ck , 1 9 7 4 -2 0 0 2 .

M eetin g Report

Year N am e Start date #d #P #FSa ICES CM referen ce #p # co d b

1974 NSRWG 4 M arch 1974 5 15 3 1974/F : 5 37 -

1975 NSRWG 10 M arch 1975 5 10 3 1975/F : 5 42 -

1976 NSRWG 15 M arch  1976 5 14 7 1976/F : 9 52 -

1977 NSRWG 21 M arch  1977 5 17 6 1977/F : 8 61 -

1978 NSRWG 3 April 1978 5 15 6 1 9 7 8 /G: 7 89 -

1979 NSRWG 7 M ay 1979 5 14 6 1979/G : 7 92 13

1980 NSRWG 14 April 1980 5 15 6 1980/G : 8 98 14

1981 NSRWG 24 M arch 1981 10 14 6 1981 /G : 8 132 18

1982 NSRWG 23 M arch 1982 10 12 6 1 9 8 2 /Assess: 8 145 13

1983 NSRWG 7 June  1983 10 13 6 1983/A ssess: 18 125 12

1984 NSRWG 12 M arch 1984 13 12 6 1984/A ssess: 10 138 11

1985 NSRWG 12 M arch  1985 10 11 6 1985/A ssess: 9 157 14

1986 NSRWG 13 M arch  1986 13 13 9 1986/A ssess: 16 163 23

1987 NSRWG 9 M arch 1987 12 14 11 1987/A ssess: 15 171 22

1988 NSRWG 18 April 1988 12 17 11 1988/A ssess: 21 248 27

1989 RWG 20 O c to b e r  1989 7 15 11 1 9 9 0 /Assess: 7 190 17

1990 RWG 11 O c to b e r  1990 13 13 11 1991/A ssess: 4 267 20

1991 RWG 8 O c to b e r  1991 11 12 11 1 9 9 2 /Assess: 4 247 24

1992 WGNSSK 6 O c to b e r  1992 9 18 13 1993/A ssess: 5 343 30

1993 WGNSSK 7 O c to b e r  1993 9 19 13 1994/A ssess: 6 397 41

1994 WGNSSK 6 O c to b e r  1994 9 18 13 1995/A ssess: 6 462 51

1995 WGNSSK 2 O c to b e r  1995 9 21 18 1996/A ssess: 6 586 57

1996 WGNSSK 7 O c to b e r  1996 9 18 12 1 9 9 7 /Assess: 6 633 63

1997 WGNSSK 6 O c to b e r  1997 10 22 11 1 9 9 8 /Assess: 7 702 67

1998 WGNSSK 5 O c to b e r  1998 10 19 11 1999/A C FM : 08 675 76

1999 WGNSSK 11 O c to b e r  1999 10 20 13 2000/A C FM : 07 598 55

2000 WGNSSK 3 O c to b e r  2000 10 21 11 2001 /A C FM : 07 520 44

2001 WGNSSK 19 June  2001 10 20 11 2002/A C FM : 01 565 63

2002 WGNSSK 11 June  2002 10 21 11 2003/A C FM : 02 624 45

NSRWG, N orth Sea Roundfish W orking Group; RWG, Roundfish W orking Group; WGNSSK, W orking G roup on th e  Assessment of Demersal Stocks in the 
N orth Sea and  Skagerrak; #d, duration; # P, participants; #FS, full stocks; #p, pages; and #cod, pages in th e  cod  section. 
aA "full stock" is defined as a stock assessed by som e form  o f model. 
bReports before 1979 did n o t contain a separate cod section.

innovative developm ents have been fewer in recent years, there  is 
no evidence o f  any decline in  th e  expertise represen ted  a t m eetings.
Also, the w ork  accom plished by the  W G over the years im plies th a t 
p rob lem s in  th e  assessment o r forecast can n o t be  linked  readily  to 
a lack o f scientific effort or expertise.

Assessments and forecasts 
Performance of tuning m ethods
The assessm ents fo r N o rth  Sea cod have always used  som e form  o f 
VPA (Skagen an d  Hauge, 2002). These m ethods estim ate past 
po p u la tio n  sizes and  F  from  th e  accum ulated  com m ercial 
catches o f  each cohort (year class) over th e  years, w ith  a correction  
applied for losses th ro u g h  natural m ortality . O nce a co h o rt is no 
longer present in  the  catch, the estim ated size o f  th a t co h o rt at 
previous po in ts in  tim e no  longer changes. In  practice, the p o p u ­
la tion  estim ates becom e stable (independen t o f  th e  ad d itio n  o f 
ano th er year’s catch data) once a relatively large p ro p o rtio n  o f 
th e  co h o rt has been caught (the VPA has “converged”; Pope,
1972). A coro llary  o f this p ro perty  is th a t estim ates o f  cohort

size and  F for th e  m o st recent years are less certain  and  change 
from  one assessm ent to  th e  other. As the  cu rren t state o f the  
popu lation  serves as th e  basis for th e  forecast, m ethodological 
developm ent has focused o n  ways o f tu n in g  th e  VPA, i.e. using 
additional in fo rm ation  to  reduce the uncertain ty  associated w ith 
th e  m o st recent p o p u la tio n  estimates.

The goal o f  tu n in g  is to  provide the  statistically best-fitting 
estim ates o f F, an d  hence stock size, fo r the m ost recent years. In 
practice, this m eans th at th e  estim ates should  correspond  to 
those obtained som e years later w hen the  VPA has converged. 
As a result, an  appropria te  perform ance m easure fo r the evaluation 
o f tu n in g  m ethodology is th e  percentage difference betw een the 
initial an d  converged estim ates o f m ean F  (historical analysis; 
C adrin  and  Vaughan, 1997). Alternatively, o ther popu lation  
param eters (SSB and  recruitm ent) m ight be used, b u t these 
are affected by add itional factors (e.g. m ean weight-at-age and 
survey estim ates), so are less suitable fo r evaluating perform ance 
o f  tun ing  m ethods per se.
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Figure 1. Summary of effort, expertise, and workload of th e  ICES 
working groups th a t have assessed the North Sea cod stock, 1974- 
2002. (a) Number of person-days of effort available; (b) frequency 
distribution of individual participation in meetings; (c) average 
num ber of years of previous experience as a m em ber of th e  WG 
represented by participants in meetings; (d) num ber of person-days 
of effort expended per full stock; and (e) num ber of report pages 
produced per person-day.

U n til 2002, th e  m ean  F  on  N o rth  Sea cod  was calculated over 
ages 2 - 8 ,  so this p a ram ete r has been derived for as m any  years 
as possible from  each assessment (Figure 2). The percentage 
difference betw een in itial and converged estim ates is indicated  in 
Figure 3, together w ith  an ind ication  o f  th e  tun ing  m ethods 
used  (docum ented  by  Pope and  Shepherd, 1985; D arby and  
F la tm an , 1994; Shepherd, 1999), because these m ay be expected 
to  have influenced past perform ance. In  earlier years, new 
tu n in g  m ethods were in troduced  every year o r tw o, and  the 
p e rio d  show s relatively h igh in terannual varia tion  in  assessment 
perform ance. How ever, w ith th e  in tro d u c tio n  o f  L au re c - 
S hepherd  tun ing  in  1988, the difference betw een initial an d  con­
verged assessments was consistently w ith in  10% until 1995. M ore
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Figure 2. Trends in mean fishing m ortality for N orth Sea cod from 
assessments, 1977-2002.

recently, F has been consistently  underestim ated  by >  20% and, in 
fact, the difference m ay even be greater, because th e  values from  
the last assessment are n o t yet converged completely.

O n th e  basis o f  these results, th e  tim e-series m ay  be split into 
three periods: a p eriod  o f  m ethodological developm ent up 
to  and  including 1987, w ith  large in te rannual varia tions in  per­
form ance; a period o f  ro u tin e  usage o f  a technologically m ature 
m ethodology  and  relatively h igh  perform ance u n til 1995; and  a 
period  o f  system atic underestim atio n  o f F  from  1996. Sim ilar ten­
dencies are present in  the estim ates o f  SSB, b u t because estimates 
o f  F  and stock num bers are inversely related, p o p u la tio n  size has 
been  overestim ated in recen t years.

Performance of short-term  forecasts
S hort-term  catch forecasts are m ethodologically  straightforw ard 
(Shepherd and  Pope, 2002), b u t they  do requ ire  additional 
inputs. In  assessment year y, th e  W G has com plete  catch data 
only up  to  and  includ ing  th e  previous year ( y  — 1), so can 
only estim ate the p o p u la tio n  surviving at th e  sta rt o f  year y. The 
TAC advice is required  for year y  +  1, so an assum ption  has to 
be m ade ab o u t the catch  in  n u m b ers th at m ay  be taken (o r the 
likely F ) during  year y  to  generate an  estim ate o f  th e  population  
n um bers a t th e  beginning o f  year y +  1. A dditionally , estimates 
o f  the num bers o f fish in  year classes recruiting  to  th e  exploited 
p o p u lation  are required  from  research-vessel surveys. To transform
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Figure 3. Time-series of an assessment performance m easure for 
North Sea cod assessments, 1977-2002: the deviation between 
terminal m ean Fas estim ated in the assessment year (x-axis) and the 
converged estim ate of mean F for the same year available from the 
reference assessment, expressed as a percentage of th e  reference 
value. The tuning m ethod used is indicated by the shading.
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catch and p o p u lation  num bers to  corresponding weights, assum p­
tions have to be m ade ab o u t p o ten tia l changes in weight-at-age.

There is uncertain ty  associated w ith  all (assum ed) inpu ts to a 
short-term  forecast, b u t again, final estim ates o f F  and recruitm ent 
become available as converged estim ates from  later assessments 
and final estim ates o f  w eight-at-age becom e available from  sub­
sequent sam pling du rin g  years y  and  y +  1. Therefore, we 
can com pare the original W G  forecasts during  each year with 
“reference” forecasts using  th e  sam e algorithm , b u t replacing the 
original inpu ts by the values ob ta ined  subsequently. T he difference 
between the tw o provides an  effective perform ance m easure o f  the 
original forecast.

For F in  year y, the no rm al practice is to  use a recent m ean value 
by age to estim ate th e  c u rren t exploitation  pa tte rn  and  then  to 
scale this p a tte rn  using  an  overall F -m ultip lier to  reflect presum ed 
changes in  exploitation. T he F -m u ltip lie r is usually equal to  one 
(the assum ption  o f  status quo F). T he sam e exploitation p a tte rn  
is used fo r th e  TAC year. T he reference forecasts followed the 
sam e approach, w ith F  for years y  and  y  +  1 taken from  the  co rre­
sponding years o f  th e  last assessm ent (2002).

The perform ance o f  the catch  forecasts since 1988 has been  eval­
uated, based on  the  assum ption  o f  status quo F in years y  and  y  +  1 
in Figure 4. This approach allows th e  relative con tribu tions o f  the 
various in p u ts  to be evaluated by ru n n in g  test forecasts that substi­
tu te  consecutively one type o f  in p u t in the  reference forecast
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Figure 4. Catch forecast perform ance measures (percentage 
difference between status quo catch from  a test forecast and the 
value from the corresponding reference forecast using relevant 
information from the latest assessment) for North Sea cod. The 
forecasts evaluated are th e  original WG forecast (thick lines) and test 
forecasts retaining the  values from th e  reference forecast for all but 
one type of input: (a) stock numbers, F, and weights-at-age; and 
(b) stock num bers at age 1 and age 2, stock num bers a t age 3 + , and 
estimates of recruitm ent in th e  TAC year. The x-axis is the  year when 
the forecast was run.

(Figure 4a: num bers-at-age, F -at-age, and weight-at-age;
Figure 4b: num bers o f  cod aged 1 a n d  2, num bers aged 3 + ,  and 
recru itm en t) w ith the values used in  th e  W G forecast, th en  calcu­
lating the  resultant deviations from  th e  reference forecast.

W G catch forecasts have b een  consistently h igher than 
th e  reference forecasts, by so m e 1 0-70%  (average 37% ). 
Consequently , advice-based TACs h av e  always been less restrictive 
th an  in tended. W hen only stock n u m b ers  from  the m ost recent 
assessm ent are included in the reference forecasts, the bias is still 
positive (1 8 -4 5 % ), b u t the tem p o ra l trends are largely rem oved. 
The W G  weights-at-age have also co n trib u ted  substantially to  the 
forecast perform ance, particularly  d u r in g  the  period 1991-1998, 
w hen they  led to  a linear trend  in th e  deviation from  - 1 6 %  to 
+ 2 4 % . In  contrast, W G  F  values co n trib u te  little (average just 
1% ). Therefore, th e  perform ance o f  the sh o rt-term  forecasts 
appears affected p rim arily  by a co n stan t positive bias attributable 
to  overestim ated stock num bers-at-age  an d  secondarily  by 
unforeseen trends in weights-at-age.

T h e  stock num bers used in a forecast m ay be separated in to  the 
p o p u la tio n  num bers at all ages p resen t at the start o f  each forecast 
p e rio d  and  the  num bers o f recru its  entering du rin g  th e  two 
subsequent years. It is useful to co n sider the  youngest ages in 
th e  in itial populations (ages 1 and 2) separately from  o lder fish 
( 3 + ) ,  because th e ir n um bers are o ften  adjusted after ru n n in g  a 
VPA. M ost o f  the bias associated w ith  stock num bers appears to 
resu lt from  the estim ates o f  the age 1 and age 2 fish, especially 
d u rin g  the earlier years, whereas the recru itm ent estim ates 
co n trib u te  very little. O nly after 1996 d o  the 3 +  cod num bers co n ­
trib u te  substantially  to the bias, reflecting the general problem s 
w ith  th e  VPA in this period, as discussed earlier.

Im pact of the  bias
Two m ain  problem s have been identified: the bias observed in VPA 
since 1996 and the bias in the forecasts th rough inappropriate  
estim ates o f  weight-at-age and  stock num bers.

VPA bias
T he m ain  problem  w ith  the recent assessm ents o f N o rth  Sea cod 
has been the strong tendency to  underestim ate F  (and  to  over­
estim ate stock num bers) in th e  term inal year. This retrospective 
p ro b lem  first m ade its en try  in  the 1997 assessment. In  contrast, 
the 1996 assessm ent overestim ated m ean F  by  12%, an d  between 
1991 an d  1995, the estim ates o f term inal F  were w ith in  4%  
o f  th e  converged values. Similar retrospective patterns have been 
no ted  for o ther stocks (ICES, 1991), an d  M ohn (1999) showed 
that these can arise from  changes in  catch data, abundance 
indices, or m odel assum ptions. Evans (1996) concluded that 
such a retrospective problem  “probably involves a change over 
tim e o f  a q u an tity  th at has been assum ed constant”.

Extended survivors analysis (XSA; Shepherd, 1999) has been 
used  as the standard  assessm ent approach for this stock  since 
1993, so it included  p a rt o f  the period  when the assessment 
perfo rm ed  well. O ther approaches explored by the W G over the 
sam e period  tended  to  give sim ilar results to  XSA, and  changes 
in XSA settings in troduced  in the  2000 assessment d id  n o t solve 
the  p roblem . Therefore, the  retrospective problem  does no t 
appear to  be a function  o f  m odel choice.

T he absence o f  d iscard  data, and concerns about m isreporting  
and  und er-rep o rtin g  o f  landings noted a t  least as far back as 1989, 
indicates th at there  is uncertain ty  associated w ith the  estim ates 
o f  to ta l catch used in  the assessment. However, these problem s
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preceded the onset o f  the bias p rob lem  an d  by them selves do no t 
explain why th e  perform ance show s such  a stepwise change. 
H ence, a lthough  unreliable landings statistics and changes in 
discard rates m ay  represent co n trib u to ry  factors to  the VPA bias, 
it seems likely th at o th er factors are also involved.

Analyses o f  the three survey series used  to  tune the  cod 
assessm ent (Beare et a l ,  2003) indicate th a t th ey  yield m utually 
consistent results, w hich m akes it less likely th a t the  problem  
can be a ttrib u ted  to  a change in  survey catchability. In  earlier 
years, up to  n ine com m ercial catch per u n it effort series were 
used in  tu n in g  the  assessment. A lthough th ere  were problem s 
w ith  som e o f  these (Bannister e t a l ,  2000), th e ir subsequent 
exclusion d id  n o t solve the problem .

T he analysis o f assessment in p u ts  and  th e ir po ten tial im pact 
does n o t prov ide an  obvious explanation  fo r the  sudden 
d e terio ra tion  in  perform ance beg inn ing  in  1997. A lthough the 
uncerta in ty  in  estim ates o f  to ta l catch  is the  m ain  weakness o f 
th e  data, bias could  also arise from  a change in  ano ther aspect in 
the system. D uring  the 1980s and  1990s, a n u m b er o f changes 
were no ted  in  the cod stock, including clim ate-linked changes 
in recru itm en t (O ’Brien et a l ,  2000), larval food supply 
(B eaugrand et a l ,  2003), and  d is trib u tio n  (B lanchard et a l, 
2005). Given this background, perhaps, th e  retrospective 
p rob lem  resulted  from  th e  in te rac tion  am o n g  changes in m any 
different factors, ra ther th an  from  a single large factor.

Bias in forecasts
T he analysis o f  forecast perform ance identified  problem s in the 
estim ation  o f  stock num bers and  w eights-at-age as the  m ost 
im p o rtan t com ponen ts o f  forecast bias. T he weights-at-age used 
were derived from  a recent average (1988-1996 , 5-y average; 
thereafter 3-y average). A lthough this averaging sm oothes out 
observed annual variations, th is ap proach  can lead  to  substantial 
deviations betw een the assum ed an d  actual values, if  there are 
m ulti-year trends (Figure 5).

T he estim ates o f num bers o f  age 1 and  age 2 cod used in  the 
forecasts and  the reference values fo r th e  sam e year classes 
(Figure 6) follow the same tren d , b u t abundance  has been system­
atically overestim ated in  th e  original forecasts. On average, 
n u m b ers-a t-age-1 and  -age-2 were overestim ated by 34%  and  
29% , respectively.

T he estim ates o f  age 1 fish at th e  sta rt o f  th e  forecast period  are 
derived from  a regression p ro ced u re  th a t estim ates recruitm ent, 
based on  indices o f  year-class streng th  from  research-vessel 
surveys and  converged VPA estim ates (RCT3; Shepherd, 1997),
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Figure 5. Percentage difference between weights-at-age used in WG 
catch forecasts and the values for the  sam e year observed later for 
four age groups of North Sea cod (x-axis is the  year of the forecast).
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Figure 6. Stock num bers a t the sta rt of th e  forecast period as used 
by the WG for North Sea cod com pared with corresponding values 
from the  reference assessment (open symbols: VPA estimates; closed 
symbols: RCT3 estimates; and x-axis is the  year when the forecast was 
run).

because this age group is hard ly  represented  in  the com m ercial 
catches. M ost estim ates o f  age 2 fish were also RCT3 estimates 
to  replace unreliable VPA estim ates. H ence, the p rob lem  o f sys­
tem atic  overestim ation  o f  recru itm en t is related to  th e  use of 
RCT3. ICES (2000) identified th is p rob lem  in  re la tion  to  North 
Sea cod, had d o ck  (M elanogrammus aeglefinus), an d  plaice 
{Pleuronectes platessa). Shepherd (1997) notes th a t “th e  final esti­
m ate  is always deliberately biased tow ards the m ean”. Therefore, if 
there  is a decreasing trend  in recru itm en t, this inheren t bias will 
result in system atic overestim ation o f  recru itm ent. This provides 
an  explanation fo r th e  bias observed here, because cod  recruitm ent 
has followed a m ark ed  dow nw ard tren d  since th e  early 1970s.

T he assum ption  o f  status quo F  fo r th e  in term ediate  year made 
only  a m in o r c o n trib u tio n  to the overall forecast bias. Im plicit in 
this status quo assum ption  is th a t th e  TAC over the  in term ediate 
year does n o t affect F. O ur analysis suggests th a t th is has been a 
reasonable assum ption .

T he m ethodologies used to estim ate weights-at-age an d  recruit­
m en t have in  com m o n  their rebanee on  an average over some 
past period  as an  indicator o f  a fu tu re  condition . Clearly, this 
assum ption  has been  inappropriate  for b o th  param eters, owing 
to  prolonged trends during  specific periods.

Discussion
T he bias p rob lem  in  assessment and  forecast is n o t un ique  to 
N o rth  Sea cod. Pastoors (2005) sum m arizes less detailed analyses 
o f fou r N o rth  Sea stocks assessed b y  th e  sam e WG (cod, haddock, 
plaice, and  sole Solea vulgaris) over a sim ilar period. U sing metrics 
developed by Jónsson  and H jörleifsson (2000), he identified bias 
in  the assessm ents o f all four. Bias was greatest fo r cod  and 
plaice, b u t all stocks tended to  show  periods o f  negative an d  posi­
tive bias. They show ed little rela tionsh ip  betw een F  im plied  by 
landings taken in  a given year an d  F  for the  sam e year estimated 
from  a recent assessment. These results suggest th at th e  problem s 
no ted  here are general rather th an  stock-specific.

Jónsson an d  Hjörleifsson (2000) p rov ide a b roader context by 
sum m arizing  th e  perform ance o f  th e  assessments o f  57 ICES 
stocks in  term s o f  their variabihty an d  bias. O n  the basis o f  an 
overall “com posite  m etric o f  assessm ent quahty”, th e  N o rth  Sea 
cod  assessm ent show ed the best perform ance o f all stocks con­
sidered. A lthough th is results from  th e  tim ing  o f their study  (the 
bias only  becam e apparent in  th e  2000 assessm ent), it  does high- 
b gh t th e  fact th a t th e  North Sea cod assessm ent has been one of
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the m ost consistent. T he o ther N o rth  Sea stocks considered  by 
Pastoors (2005) also perform ed  well against Jónsson and 
H jorleifsson’s (2000) criteria, w ith the  rank n u m b ers o f  the 
haddock, plaice, and  sole assessments being 2, 11, an d  23, respec­
tively. T his suggests that, despite their relatively h igh  quality, the 
precision is still insufficient to provide the type o f  advice required.

In  co m m o n  w ith  o th er historical analyses (Sinclair et a l ,  1985; 
C adrin  an d  V aughan, 1997), we have assum ed th at th ere  is no 
erro r in  the converged popu lation  estim ates w ith  w hich the 
initial estim ates are com pared. This assum ption  m ay  n o t be 
valid because un rep o rted  catches in form er years w ill con tinue 
to  affect converged popu lation  estim ates. U nder these c ircum ­
stances, any discrepancies observed in initial assessm ents rem ain  
indicative o f  problem s in  the assessment, b u t it m ay  n o t be 
stra igh tfo rw ard  to  determ ine their causes.

The perfo rm ance  o f  th e  assessm ent/advice system  can n o t be 
viewed in  iso lation  from  the type o f advice required. As fo r m ost 
E uropean fish stocks, advice is requested on th e  cod TAC to  be 
decided by th e  EU fo r the  next year. T he approach o f  providing 
determ in istic  catch op tions based o n  sho rt-te rm  catch forecasts 
requires precise estim ates o f  recent stock size, as well as o f  recru it­
m ent an d  expected grow th over th e  forecast period . It is th e  type o f 
advice requested  th at m akes errors in these quan tities critical. One 
o f  th e  key prob lem s has been th e  system atic overestim ation o f the 
incom ing  year classes, w hich represent a m ajor c o m p o n e n t o f the 
catch forecasts, owing to th e  depleted state o f the p o p u la tio n . This 
bias is linked to  a series o f below-average year classes, w hich in  itself 
m ay be caused partly  by th e  reduced spaw ning stock  an d  th e  high 
exploitation  rate. Illegal landings a ttribu tab le  to  non-com pliance 
m ay also have con tribu ted . Therefore, the assessm ent/adv ice  
system becom es least effective w hen  th e  stock  is in  greatest trouble.

T he VPA bias p rob lem  was first detected  in a prov isional assess­
m en t m ade  in  2000 (B annister et a l ,  2000), and  substantial 
changes have since been m ade to  the  tun ing . A lthough th e  bias 
in RCT3 estim ates o f recru itm en t used in  the forecast was detected  
by the  W G, th e  p rob lem  was n o t addressed. T he co n trast th en  is 
betw een the VPA bias, caused by external factors, w hich th e  W G 
a ttem p ted  to  resolve, an d  the in ternal forecast p rob lem , w hich 
the W G  d id  n o t a ttem p t to resolve. As the la tte r is clearly a 
m ore  serious issue, it is the  m ain  focus o f  o u r discussion.

Because th e  tim e-series o f  m em bership  available a t W G  m eet­
ings does n o t indicate any shortage o f  effort o r  expertise in 
recent years, th e  failure to  address this specific p ro b lem  m ust be 
related m ore  to  how  the effort has been focused. Before 1992, 
th e  frequent changes in  adop ted  VPA tu n in g  m eth o d s indicate 
th a t th e  m eetings represented a ra ther dynam ic scientific env iron ­
m en t in  w hich th e  W G focused o n  m ethodological developm ents. 
In  later years, the em phasis shifted to  exploring the m odel settings 
and  da ta  included  in  th e  m odel. M ethodological developm ent still 
con tinued , b u t  was focused on  m ed iu m -te rm  p ro jec tions (ICES, 
2002) and  o n  p recau tionary  reference p o in ts  (ICES, 1997; Cook, 
1998). These approaches are associated m ore  w ith  longer term  
m anagem ent o f  the stocks th an  w ith  sh o rt-te rm  TAC advice.

Several factors m ay have co n trib u ted  to  the neglect o f  th e  sh o rt­
term  forecast problem . First, th e  forecast a lgorithm  used follows 
directly fro m  th e  exponential decay equations used w ith in  the 
VPA, so th ere  appeared no scope for m ethodological developm ent 
in  th is area. Second, th e  focus on  m ed iu m -te rm  m odelling 
approaches m ay  have been at th e  expense o f  focus on  biological 
processes such as grow th and  recru itm en t, particu larly  because 
the  increasing w orkload o f  the W G did n o t encourage

investigation o f established ro u tin e  procedures. Finally, the 
refusal o f ICES to give catch -b ased  advice for N o rth  Sea cod 
over th e  period  1990-1994 m ay  b e  indicative o f  a b roader lack 
o f  scientific su p p o rt for TAC m an ag em en t as an  effective too l to 
con tro l exploitation rate, w hich again  d iscouraged focus on  the 
forecast aspect.

Bannister (2004) identified th e  in ternational d im ension  and 
th e  m ixed-species na ture  o f  th e  fishery  as the two m ain  factors 
con tribu ting  to the recent p o o r s ta te  o f  the N o rth  Sea cod stock, 
despite  all advice having been consisten tly  in tended  to  reduce 
F. N otw ithstanding the  change in  perception  in  2000 regarding 
retrospective bias, all assessm ents yielded a consistent p ic tu re  of 
a m ajo r decline in the stock d u rin g  the 1980s. In reviewing recent 
a ttem pts to perm it recovery o f  the  stock, H orw ood et a í  (2006) con­
c luded that although som e red u ctio n  in fishing effort has been 
achieved, the cut is no t yet en o u g h  to  ensure recovery o f  the stock.

T he perform ance o f  catch forecasts has been a long-standing 
issue. B rander (1987) concluded th a t year-ahead forecasts were 
subject to relatively high p re d ic tio n  errors, and  Rivard and  Foy 
(1987) found  th at th e  forecasts evaluated  tended  to  be overly 
optim istic . These results are qualitatively  sim ilar to  ours, despite 
all the developm ents in assessm ent m ethodology since these 
earlier studies.

O u r analyses indicate th at th e  W G  has been capable o f  im ple­
m enting  innovative scientific analyses and  is still a reposito ry  o f 
substan tia l scientific expertise. A lthough  som e o f  th e  problem s 
encountered  can  be a ttrib u ted  to  th e  specific form  o f  TAC 
advice required, we suggest th a t th e  scientific resources could 
have been deployed m ore effectively if  the  W G had  allowed itself 
m ore  tim e for reflection. In  particu lar, m ore  rou tine  m on ito ring  
o f  th e  perform ance o f  the  an n u al assessm ents an d  forecasts 
shou ld  have helped to  detect p rob lem s and  to respond  to  these 
as they  occurred. Perhaps, there  has also been a tendency  to 
focus on  th e  m athem atical aspects, whereas m ore biological 
in p u t m ight have been useful. Ind ications th at o th er scientific 
inpu ts, such as from  catch-sam pling procedures o r  research-vessel 
surveys, have co n tribu ted  to  the bias are  largely absent.

Since 2002 (the  last assessment u sed  in  this evaluation), the cod 
assessments and  advice have undergone  substantial changes. 
C hanges include the developm ent o f  a new  m ethod  fo r estim ating 
unaccounted  removals (Darby, 2005) and  the inclusion o f  discard 
data. In  add ition , a ttem pts to  address the  m ixed-species nature  o f 
N o rth  Sea dem ersal fisheries (V in ther e t a l ,  2004) an d  the w ider 
con tex t o f  th e  ecosystem approach  to fisheries m anagem ent 
influence th e  way in  w hich advice is form ulated. Perhaps, 
equally influential has been th e  increased involvem ent o f  stake­
holders in the process th rough  the establishm ent o f a N o rth  Sea 
Regional Advisory C om m ittee. It rem ains to  be seen how  this 
changing context will influence the effectiveness o f th e  W G as a 
scientific environm ent.
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