
la
tit

ud
e

-20 0 20 40 60

60
65

70
75

80

longitude

EB
ES

EW

EN

Raw index 1952-1983

la
tit

ud
e

-20 0 20 40 60

60
65

70
75

80

longitude

EB
ES

EW

EN

Raw index 1993-2004

Note no SAMBA/03/05
Authors Magne Aldrin

Bård Storvik
Tore Schweder

Date April 24, 2006

Standardized catch per unit
effort in minke whaling in
Norwegian waters, 1952-1983
and 1993-2004

Magne Aldrin ård Storvik ore Schweder



The authors
Magne Aldrin is chief research scientist at the Norwegian Computing Center and
has a Ph.D. in statistics from the University of Oslo. Bård Storvik is senior research
scientist at the Norwegian Computing Center and has a Ph.D. in statistics from
the University of Oslo. Tore Schweder is professor in statistics at the University
of Oslo and works part-time at the Norwegian Computing Center

Norwegian Computing Center
Norsk Regnesentral (Norwegian Computing Center, NR) is a private, indepen-
dent, non-profit foundation established in 1952. NR carries out contract research
and development projects in the areas of information and communication tech-
nology and applied statistical modeling. The clients are a broad range of indus-
trial, commercial and public service organizations in the national as well as the
international market. Our scientific and technical capabilities are further devel-
oped in co-operation with The Research Council of Norway and key customers.
The results of our projects may take the form of reports, software, prototypes,
and short courses. A proof of the confidence and appreciation our clients have
for us is given by the fact that most of our new contracts are signed with previous
customers.



Title Adjusted catch per unit effort in the
minke whaling in Norwegian waters,
1952-1983 and 1993-2004

Authors Magne Aldrin <magne.aldrin@nr.no>

Bård Storvik <baard.storvik@nr.no>

Tore Schweder <tore.schweder@econ.uio.no>

Date April 24, 2006

Publication number SAMBA/03/05

Abstract
We construct a catch per unit effort (CPUE) index for minke whales caught in
the E-areas of north-eastern Atlantic, adjusted for boat efficiency and spatial ef-
fects. The index is interpreted as an unsmoothed relative index of abundance, also
including variation in catch conditions due to weather, migration and local clus-
tering of minke whales. Norwegian minke whaling was interrupted from 1984
to 1992. Two series are therefore constructed, one for the period 1952-1983 and
another for the period 1993-2004. The estimated index value for 1983 is 63% of
the value in 1952, while the estimated index value for 2004 is 186% of the value
in 1993.

Keywords

Target group

Availability

Project

Project number

Research field

Number of pages 23

© Copyright Norwegian Computing Center

3

mailto:magne.aldrin@nr.no
mailto:baard.storvik@nr.no
mailto:tore.schweder@econ.uio.no




Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 7

2 Material and methods . . . . . . . . . . . . . . . . . . . . . 9
2.1 Data . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2 Data handling . . . . . . . . . . . . . . . . . . . . . . 13
2.3 Statistical modeling. . . . . . . . . . . . . . . . . . . . 14

3 Results and discussion . . . . . . . . . . . . . . . . . . . . 15

A Calculation of expected net catcher days in case of missing days 22

B Choice of effective number of parameters in the spatial catch effi-
ciency . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Adjusted catch per unit effort 5





1 Introduction

Our aim is to construct relative abundance series of minke whales in the E-areas
of north-eastern Atlantic, consisting of the small areas ES, EB, EW and EN (Figure
1). As argued below, we are only able to estimate an annual relative index, here
called the standardized catch per unit effort (CPUE) index, whose values in ad-
dition to the abundance also depend on catching conditions due to weather and
temporal variations in the spatial distribution of minke whales both locally and
over the whole area. The CPUE index can, in combination with absolute abun-
dance estimates and a model for the population dynamics, be used to estimate
important recruitment parameters, see for instance Cooke (1993).

The data consist of information on each caught whale from 1952 to 2004, with
date and year, position and boat characteristics. The regulations have changed
over time, which may have affected the catch efficiency. However, we assume
that the catch regime has been sufficiently stable from 1952 to 1983 to allow a
meaningful consecutive series of standardized CPUE index to be constructed for
this period. This assumption is discussed in more detail in for instance Schweder
and Volden (1994). From 1984 onwards the quotas were substantially reduced
and individual boat quotas were introduced, with a seemingly negative effect on
the catch efficiency.

Commercial whaling was suspended from 1988 to 1992 due to the moratorium
of all commercial whaling imposed by IWC. Due to changes in the regulations
from 1984 and the general uncertainty in the industry due to the moratorium de-
cision, we have excluded the period 1984-1987 from the series. Norway lodged
an objection to the moratorium decision and thus was not legally bound to stop
whaling. Based on results from rather intensive marine mammal research, whal-
ing was started again in 1993. The regulations and also other catch conditions in
the period from 1993 onwards have differed from those in the 1952-1883 period.
Hence, we construct two series of standardized CPUE index, one from 1952 to
1983 and another from 1993 to 2004.

The basic idea is that increasing abundance will tend to give increased catch
per unit effort and vice versa. Hence, yearly variations in catch per unit effort
could be interpreted as corresponding changes in the abundance. This is correct
only if other conditions that could affect the catch efficiency are constant. How-
ever, there has been several important changes over time. The catcher boats in-
crease in average lengths and engine power. This has increased catch efficiency,
also by allowing effort to be more easily shifted to areas with higher whale den-
sity and better weather conditions. The CPUE index we construct is therefore
adjusted for individual boat efficiency and also spatial effects. This is done by fit-
ting a regression model with spatial covariates to the data regarded as a panel of
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individual boat histories. However, since we have not adjusted for year-specific
variations in catch conditions, changes in the standardized CPUE series cannot
be interpreted as changes in abundance alone.

Our statistical model is based on a variant of the so called net catcher days
method (Cooke 1984). Let N be the net catcher days, i.e. the number of days with
at least one catch for a boat in a year, and let C be the corresponding total catch.
Disregarding the first catch in a day of catch, C−N is the number of extra whales
caught in the N days of catch. The ratio (C −N)/N will then reflect how easy it is
to find extra whales when a whale is caught, and is used as an unadjusted index
for catch efficiency. Similar analyses have been performed by Cooke (1993) and
Schweder and Volden (1994) for the Barents Sea.

Schweder, Ulltang and Volden (1991) and Schweder and Volden (1994) used
data from 1976 to 1983 to estimate the gross catcher days in the years 1952 to 1975
with their so called ACD and COMP methods. However, in Schweder and Volden
(1994) these methods gave similar results to the net catcher days method, differ-
ing by less than one standard error. Furthermore, they found that the methods,
which were based on extrapolation of the gross catcher days, were only appro-
priate in the Barents sea, but could not be used in the North Sea. It is desirable to
develop a relative series for the whole north-eastern stock of minke whales. The
North Sea and the Norwegian Sea should therefore be covered together with the
Barents Sea. Since the net catcher days method is more reliable for the North Sea,
and since this method largely yields similar results to those of the slightly more
powerful ACD method (Schweder and Volden, 1994) in the Barents Sea, we will
use the net catcher days method.

Skaug, Øien, Schweder and Bøthun (2004) found the spatial distribution of
minke whales in the northeastern Atlantic to vary from year to year. This might
cause an interaction between time and spatial covariates in the CPUE series. We
have subsumed this possible interaction in the the over-dispersion in the model to
be developed below. This is partly supported by Schweder, Ulltang and Volden
(1991) who found no interaction between area and time in CPUE in the model
they considered, where they assumed the interaction to be carried by the distri-
bution of herring in time and space.

In the following we first present the data and the statistical model in Section
2 and then give the main results in Section 3. Finally, a discussion and some con-
clusions are given, including some alternative analyzes that confirm the main
results.
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2 Material and methods

2.1 Data
The data are made available by the Norwegian Institute of Marine Research (IMR).
The same data are reported to the International Whaling Commission (IWC). The
data consist of information on all minke whales caught in the four small E-areas
between 1952 and 2004 as well as information on the catcher boats. The boat in-
formation consists of a registration number and the home county of the boat as
well as its length and engine power.

>From 1976 whalers have been requested to hand in a journal with informa-
tion recorded for every day on effort. The compliance has varied over the years
and the quality of these more detailed data is unfortunately insufficient for our
purpose (Nils Øien, personal communication). An additional reason to only use
the reduced data with information on each whale caught (together with boat
data), is that they are reported to IWC and thus made available to members of
its scientific committee.

The whales are usually caught in the period from 15th of March to 15th of
September, with a summer closure between the 1st of July and 21st of July. Most
of the catcher dates and catcher positions are recorded. However, there are a few
observations (0.15% of the data) where only month is recorded, but day is miss-
ing.

For each year t and boat i, the total catch Cit is the number of whales caught,
while Nit is the number of days with at least one catch for the boat that year. In
the case of missing days days, we impute an estimate of Nit as shown in appendix
A.

The whales are caught at different positions, but usually a boat catches all its
whales within the same region. For each boat i and year t, a common position lonit

and latit is allocated to Cit and Nit. Here lonit and latit denotes the longitude and
the latitude, respectively. The corresponding catch is sorted according to date,
and a common position is defined as the position at the middle or the first of
the two middle numbered catches, according to the total catches being an odd or
even number respectively.

In total there are 4152 observations of the raw index (Cit − Nit)/Nit from 1952
to 1983. A random sample of these is shown in the upper panel of Figure 1. Each
catch position is plotted as a circle with radius proportional to the raw index,
which tend to be higher in the Barents Sea than further south. The lower panel of
Figure 1 shows all the 377 values of the raw index from 1993 to 2004.

Figure 2 shows time plots of various statistics. The catch has decreased from
3-4000 animals per year in the fifties to around 500 animals in 2004. This is obvi-
ously related to the decrease in effort, measured as number of net catcher days or
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number of boats involved in the catch. The average raw index is quite stable over
time. Over the years, more of the catch effort has been allocated to the Barents
Sea where whale density is higher than further south. The catcher boats have in-
creased in length and engine power. In summary, the efficiency has increased and
effort has been better allocated over the years while the mean raw index of CPUE
has been relatively stable. Statistical models are thus called for to construct series
of standardized CPUE to account for the increased catch efficiency.
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Figure 1. Values of (Cit−Nit)/Nit at position of catch. Upper panel: 300 random samples
from 1952-1983. Lower panel: All values from 1993-2004. The areas of the circles are
proportional to the value of (Cit − Nit)/Nit, except that values less than 0.05 are plotted
as if they had a value of 0.05.
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Figure 2. Time plots of various statistics. Averages and proportions between 1988 and
1992 are not shown, since they are based on very few data and hence are unstable.
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2.2 Data handling
One could use boat lengths and engine power as proxies for boat efficiency, as in
for instance Schweder, Ulltang and Volden (1991), but there are obviously differ-
ences among boats that can not be explained by the size alone. Instead we regard
the data as a set of boat histories, and control for boat efficiency by fixed effects
in an additive model.

Schweder and Volden (1994) defined a boat period as a period for which a ves-
sel can be assumed to have constant catch efficiency. We take the same approach
and use the term “boat” as short hand for boat period. Operationally, a vessel is
regarded as a new boat when its registration number or home county is changed,
or when its length is increased by more than 2.5 meters or its engine power is
changed by more than 20%. The rational is as follows. A change in registration
occurs usually when the vessel is taken over by another skipper (and owner) and
a new crew. The skills of the skipper and crew influence catch efficiency strongly.
With the same skipper and crew, boat efficiency is changed when the vessel is
improved by being extended in length or is powered by a stronger engine. Small
changes in instrumentation and engine power might also increase efficiency, but
data on minor changes are scanty. Inconsistencies in 50 boat lengths and engine
powers are manually corrected for by us, after correspondence with Siri Hartveit
at IMR. These corrections are available at the web adress
http://www.nr.no/~aldrin/whales/CorrectedLengthAndPower.txt .

Only boat years where at least 90% of the catch dates are recorded are used
in the analysis. Further, only boats with data of at least two years are used in
the analysis. Finally, boats with the number of catches Cit equal to the number
of net catcher days Nit for all years t contain no information and are therefore
excluded from the analysis as well. These exclusions result in a data set with 3862
observations from 609 different “boats” in the period 1952-1983 and a separate
data set with 343 observations from 61 different “boats” in the period 1993-2004.
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2.3 Statistical modeling
The difference between total catch and net catcher days, Cit − Nit is used as a
response variable in a regression model, where the expected value of Cit − Nit

is assumed to be the following multiplicative function of relevant explanatory
variables

E(Cit − Nit) = µit = Nit · F (lonit, latit) · Gi · Dt. (1)

Here F is a data-driven, smooth spatial function of the catch positions (lonit, latit),
representing a spatial trend in catch conditions (weather, whale density etc.). Fur-
thermore, Gi is the catch efficiency for boat i. The year effect Dt is interpreted as
the standardized CPUE index reflecting relative abundance of minke whales and
also year-specific catch conditions such as weather and temporal changes in the
spatial distribution of minke whales.

Since Dt is a relative index, it is subject to an arbitrary scaling factor, and has
to be normalised to be unique. We have chosen to set the first Dt in the data
period to 1, and the subsequent values of Dt is then relative to the first year.
Thus, D1952 = 1 in the period 1952-1983, and D1993 = 1 in the period 1993-2004.
This standardization is one of many possible standardizations for a relative index.
Since we supply the full covariance matrix for our relative index, other linear
indexes can be computed along with their covariance matrices.

Taking the (natural) logarithm of equation (1) gives the additive relationship

log (µit) = log (Nit) + f(lonit, latit) + γi + δt, (2)

where log (Nit) is an offset (i.e. an explanatory variable with a fixed regression
coefficient equal to 1), f = log(F ), γ = log (G), and δ = log (D).

The function f is modelled by smoothing splines using the methodology of
generalised additive models (Hastie and Tibshirani, 1990). For simplicity, the spher-
ical coordinates (lonit, latit) are transformed into planar coordinate (xit, yit). This
is done by projecting the (lonit, latit) position on the sphere onto a plane that tan-
gentiates the sphere (orthographic projection) at latitude 19 degrees east and lon-
gitude 69 degrees north, which is roughly in the centre of the data. This trans-
formation roughly preserves the distances among two positions. Then the spatial
function f is formulated as an additive function of xit, yit, and xityit by

f(lonit, latit) = sx(xit) + sy(yit) + sxy(xityit), (3)

where sx, sy, and sxy are (smoothing) spline functions to be estimated from the
data. The smoothness of the functions can be controlled by adjusting the number
of effective parameters. A higher number of effective parameters gives a better
fit to the data on the cost of less smooth functions and possible higher estimation
variability. About 4 effective parameters are chosen for each of the s-functions in
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the model in the 1952-1983 period and only about 2 effective parameters for each
of the s-functions in the model in the 1993-2004 period with considerable less
observations. These choices are based on Akaike’s criterion. See further details in
appendix B.

The model is estimated by maximising the Poisson-likelihood, but allowing
for over-dispersion. The variance is therefore modelled as

V ar(Cit − Nit) = Φµit,

where the over-dispersion factor Φ is larger than 1. It is estimated from the data
by the Pearson statistic, and all the reported standard errors are adjusted accord-
ingly.

3 Results and discussion

Figure 3 plots the estimated standardized CPUE index Dt with 95% point-wise
confidence intervals in the period 1952-1983 (with D1952 = 1) and for the period
1993-2004 (with D1993 = 1). The estimated values of Dt are also found in Table 1,
with corresponding estimates of δt = log (Dt) and their standard errors. There is
a clear decreasing trend from 1952 to 1983, which suggests a corresponding de-
crease in abundance. The estimate in 1983 is 63% of the level in 1952. The picture
is reversed in the second period, where the index is markedly and significantly
higher after 1996 than before.

Some of this apparent temporal variation might be due to positive autocor-
relation in the catching condition. The long series from 1952 to 1983 certainly
shows a pattern compatible with positive autocorrelation. Perhaps the conditions
by chance were slightly unfavorable in the first few years of the later rather short
series. Also, the regulation has changed a bit over the years. Since 2001 for exam-
ple, there has been an element of competition since some 10% of the total quota
has been redistributing between the boats to those with the highest catches in
the first part of the season. This has probably increased the efficiency. The buyers
of minke whale meat have on the other hand recently asked their suppliers to
stop temporarily when supply exceeds capacity and demand. This might have
decreased efficiency in the last few years. Market conditions have also changed
over the first period, with a reduced demand on whale meat as other read meat
became more affordable during the period of economic growth in Norway in the
post-war period. An analysis taking these economic mechanisms into account
would be quite demanding. We have not done anything of that. Nor have we
modelled the autocorrelation in the variability in excess of Poisson variability
that we have regarded as over-dispersion.
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Separate analyses were conducted by Cooke (1993) and Schweder and Volden
(1994) in the Barents Sea, i.e. the whole EB small area, and the parts of the ES and
EW small areas that are east of 3 degrees east and north of 69 degrees. To compare
the results from those studies to the results from the methodology used here, we
performed a separate analysis based on the data in this area in the period 1952-
1983. This analysis gave an standardized CPUE index of 66% in 1983 compared
to the level in 1952 which is the same as (read by eye from a figure in the paper)
of what Schweder and Volden (1994) got with a net catcher days method. The
alternative ACD and COMP methods in Schweder and Volden (1994) methods
gave 70% and 78% respectively, whereas Cooke (1993) got 52% (read by eye from
a figure).

Figure 4 shows the estimated spatial effect on the CPUE on logarithmic scale,
adjusted only for boat efficiency, i.e. the f -function. In the period 1952-1983 CPUE
is generally higher in the north than in the south when adjusting for boat effi-
ciency. In the period 1993-2004 CPUE is higher in both north and south than in
the middle of Norway, but in this period there are few boats that operate in the
southern areas.

The over-dispersion parameter Φ is estimated to 1.62 in the period 1952-1983
and 1.12 in the period 1993-2004.

Schweder and Volden (1994) considered the first year of a boat period (i.e.
the period where a vessel is assumed to have constant catch efficiency as defined
in Section 2.2) as a learning year, and discarded these observations from their
analysis. We have done the same, and re-estimated model (2). The new estimates
of the standardized CPUE index are very similar to the original ones presented in
Figure figs/relest. As an alternative way to treat possible learning, we have kept
all the data, but extended our main model (2) with a common learning effect from
the first to the second year for all boats. The coefficients are not significant for any
of the two periods, and the standardized CPUE series are almost unchanged.

The Vestfjord area, or area 7 in Schweder and Volden (1994), has been an im-
portant catch area, with a different mode of operation than in the Barents Sea,
due to its closeness to the cost. To explore if this catch area differs from what can
be modelled by the smooth spatial surface f , we add an extra explanatory to the
main model (2), which is 1 for catch positions within the area and 0 elsewhere.
The coefficients are not significant, and once more the standardized CPUE index
remain almost unchanged.

The purpose of this work has been to summarize catch and effort data into
standardized CPUE series for use in the estimation of the productivity and other
aspects of the population dynamics of the north-eastern Atlantic minke whale
population. The standardized CPUE series on the logarithmic scale, and their
nominal variance/covariance matrices, are available at the web address
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http://www.nr.no/~aldrin/whales/estcov.txt . When these series together with
other data are used to estimate productivity and other population dynamic pa-
rameters, the extra variability in the standardized CPUE series should be prop-
erly modelled.

The series reflect changes in relative abundance, in addition to variability in
catching conditions due to weather, local clustering of whales, market conditions,
small changes in regulations, and possibly other factors. Without having con-
ducted a formal statistical test taking autocorrelation in the latent variability into
account, we regard the series from 1953 to 1983 to be long enough to safely con-
clude that the nominally significant drop reflects a real decrease in abundance.
The data are however weaker and the series is shorter from 1993 to 2004, and our
finding of a significant increase in abundance in recent years should be regarded
as a less reliable conclusion.
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Figure 3. Estimates of standardized CPUE indexes (Dt) relative to 1952 and 1993 with
95% confidence intervals.
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standard standard
year D̂t δ̂t error of δ̂t year D̂t δ̂t error of δ̂t

1953 0.965 -0.035 0.063 1994 1.217 0.196 0.235
1954 0.855 -0.157 0.061 1995 1.109 0.103 0.253
1955 0.992 -0.008 0.057 1996 2.030 0.708 0.206
1956 0.814 -0.206 0.061 1997 2.664 0.980 0.198
1957 0.799 -0.224 0.062 1998 2.846 1.046 0.197
1958 0.942 -0.059 0.059 1999 1.929 0.657 0.199
1959 0.618 -0.482 0.067 2000 2.034 0.710 0.203
1960 0.597 -0.515 0.068 2002 2.931 1.075 0.198
1961 0.605 -0.503 0.070 2003 2.369 0.863 0.200
1962 0.656 -0.421 0.071 2004 1.861 0.621 0.213
1963 0.844 -0.170 0.069
1964 0.737 -0.305 0.076
1965 0.777 -0.253 0.082
1966 0.686 -0.377 0.084
1967 0.663 -0.412 0.089
1968 0.708 -0.346 0.087
1969 1.024 0.024 0.086
1970 0.657 -0.420 0.091
1971 0.834 -0.182 0.091
1972 0.921 -0.083 0.088
1973 0.662 -0.412 0.095
1974 0.670 -0.401 0.097
1975 0.744 -0.296 0.098
1976 0.757 -0.279 0.094
1977 0.550 -0.598 0.098
1978 0.694 -0.365 0.099
1979 0.767 -0.266 0.096
1980 0.520 -0.653 0.099
1981 0.498 -0.697 0.101
1982 0.507 -0.680 0.101
1983 0.625 -0.471 0.101

Table 1. Estimates of standardized CPUE indexes on relative and logarithmic scale, with
standard errors on logarithmic scale.
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Figure 4. Estimates of spatial catch efficiency on logarithmic scale. Equidistance is 0.1.
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A Calculation of expected net catcher days
in case of missing days

The net catcher days for boat i year t can be calculated as the sum of net catcher
days within each month m, i.e. Nit =

∑12
m=1 Nitm, where Nitm is the number of net

catcher days in month m. For 0.15% of the catches, only month and year recorded,
whereas the day in month is missing. We assume that the catches with missing
days are uniformly distributed over the days in a month. Then Nitm, and hence
also Nit, is replaced by its expected value as shown below.

Suppose there are r catches with registered days and q catches with missing
days for the boat and month in question. Now, the true number of net catcher
days N in the month, both registered and missing, could be any number between
r and r + q, but not larger than the number of days d in the month. Number the
missing days from 1 to n. Define an index Ik, k = 1, ..., n, which is one if the k’th
missing day is not a registered day or among the first k − 1 missing days, zero
elsewhere.

The expected net catcher days in the month in question is then E(N) = r +∑q
k=1 E(Ik) Since we assume that the missing days are uniformly distributed, the

first missing day has a probability (d − r)/d to be on an unregistered day, and
hence E(Ik) = (d − r)/d. By recursion one can show that

E(Nitm) = E(N) = r +

q∑
k=1

E(Ik) = r + (1 − r/d)

q−1∑
k=0

(1 − 1/d)k.

B Choice of effective number of parameters
in the spatial catch efficiency

The smoothness of the spline functions sx, sy and sxy in (3) can be controlled
by adjusting the number of effective parameters. A higher number of effective
parameters give better fit to the data on the cost of less smooth functions and
possible higher estimation variability. We have used the Splus package to fit the
generalised additive models. In Splus, a pilot number of effective parameters is
specified for each spline function. Based on the model fit, the real numbers of
effective parameters are estimated and reported, and these may differ slightly
from the pilot numbers.

We have chosen the number of effective parameters by minimising an Akaikes
type criterion adjusted for over dispersion (Burnham and Anderson, 1998), de-
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fined as

AICadj = −2(log likelihood)/Φ + 2p,

where Φ is the dispersion parameter and p is the estimated number of effective
parameters.

The pilot number of effective parameters is restricted to the same number in
the three spline functions sx, sy and sxy. Furthermore, the pilot number is varied
from 0 to 6, or from 0 to 18 in total for the spatial function f = sx + sy + sxy. Table
B.1 shows the results, reported as the difference in effective number of parame-
ters and in AICadj compared to a model without the spatial function. There is an
obvious gain by including a spatial function, but the results are not very sensi-
tive to the number of effective parameters. The optimal pilot numbers are 4 per
s-function in the period 1952-1983, and 1 for in period 1983-2004.

1952-1983 1993-2004
pilot estimated estimated

number of number of number of
effective effective effective

parameters parameters AICadj parameters AICadj

0 0.0 0.0 0.0 0.0
3 7.6 -35.8 5.4 -25.8
6 8.7 -34.9 6.4 -23.8
9 10.7 -35.9 9.0 -20.5

12 12.7 -36.7 12.0 -16.6
15 15.0 -36.3 15.0 -12.7
18 18.0 -34.8 18.0 -8.7

Table B.1. Number of effective parameters and adjusted AIC for the spatial part of the
models compared to a model without a spatial part.
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