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INTRODUCTION

The swordfish (Xiphias gladius) is a highly
exploited cosmopolitan species in the Atlantic Ocean
and the Mediterranean Sea. Fishing pressure on the
different swordfish stocks has increased dramatically
in the last twenty years because of its high market
demand. In the Mediterranean Sea, where it has been
exploited using harpoons and driftnets at least since
Roman times, the annual swordfish catches increased
sharply from about 4000 t in 1976 to 20000 t in 1988
(Anonymous, 1999). Since then, annual catches fluc-
tuated between 12000 and 16000 t and are mainly

composed of juveniles (Rey et al., 1987; Di Natale,
1990; Tserpes, 1995). The increasing trend in the
reported catches could to some extent be attributed to
the improvement of the fisheries statistics collection
systems as well as to the intensification of fishing
effort and exploitation of new fisheries. 

Several aspects of the swordfish biology and stock
structure have been studied in the Mediterranean Sea
(De Metrio and Megalofonou, 1987; De Metrio et al.,
1989; Tsimenides and Tserpes, 1989; Tserpes and
Tsimenides, 1995), in which it forms a unique stock,
distinct from the Atlantic ones (Kotulas et al., 1995). 

As the available time series of fisheries and bio-
logical data are rather short and incomplete, they are
unable to support concrete assessment studies and
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give reliable information on the demographic struc-
ture of the stock. However, the fact that juveniles
dominate the catches suggests that the Mediter-
ranean stock may be over-exploited.  The same was
also supported by a preliminary stock assessment
study carried out by ICCAT scientists (Anonymous,
1996). The above findings have urged the Interna-
tional Commission for the Conservation of Atlantic
Tunas (ICCAT) to recommend immediate measures
for the conservation of the stock and the European
Union to establish a minimum landing size of 120
cm LJFL in the Mediterranean Sea. 

The Greek swordfish fishery started in the early
1980s and developed rather rapidly. Fishing is car-
ried out using drifting longlines, mostly during Feb-
ruary to September, in the eastern Mediterranean
(Fig. 1). ICCAT records indicate that Greece is an
important swordfish producer in the Mediterranean
Sea (Anonymous, 1999).

In this study, we used the X-11 census technique
(Stellwagen and Goodrich, 1993) to model and fore-
cast the monthly reported catches of swordfish in
Greek waters during 1982-1997. Forecasts built with
X-11 were also compared with those derived from
ARIMA (Box and Jenkins, 1976) and Winter’s
(1960) exponential smoothing models. The X-11
technique has recently been used to forecast the
monthly anchovy catches in Greek waters (Stergiou,
2000), and a non-linear version of the X-11 method
has also been used for the decomposition of oceano-
graphic (Durand and Mendelsshon, 1998) and
recruitment time series (Lloret et al., 2000).

MATERIAL AND METHODS

Fisheries statistics for Greek waters have been
recorded since January 1964 by the National Statis-
tical Service of Greece (NSSG, 1965-1999; Stergiou
et al., 1997a). For a better evaluation of the available
data, the waters fished by the Greek vessels have
been divided into 18 statistical fishing subareas.
Catch data are collected directly from a sample of
fishing vessels that are surveyed by local customs
authorities (stratified random sampling). For each
vessel surveyed, a statistical questionnaire is com-
pleted showing the quantities of each major fish
species (or group of species) caught during the pre-
vious month (or that the vessel did not work during
that period). Although NSSG data suffer from vari-
ous biases, which are higher for inshore fisheries,
and the degree of bias cannot be easily estimated,
they are the best figures available with respect to: (a)
length of time, (b) spatial and temporal resolution,
(c) consistency and degree of subjectivity in data
collection, and (d) statistical design of data collec-
tion (Stergiou et al., 1997a).

Separate monthly catch data for swordfish are
available only since 1982 (Table 1). In this study, we
modelled the monthly reported swordfish catches
for the years 1982-1996 and then built monthly fore-
casts for 1997 using the X-11 technique, which con-
sists of a complex sequence of moving averages,
seasonal moving averages, ratios to moving aver-
ages, outlier detection and removal procedures, and
trading day regressions (Stellwagen and Goodrich,
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FIG. 1. – Fishing and spawning grounds of the swordfish, Xiphias gladius, in the Greek Seas.



1993). The X-11 technique was developed by the
US Department of Census and put into official use in
October 1965 (Stellwagen and Goodrich, 1993). Its
primary purpose was to deseasonalise national eco-
nomic data in order to determine the underlying
trend-cycle. The method extracts the following time
series components from the original series Xt: (a) the
seasonal component St, (b) the trend-cycle compo-
nent Ct, and (c) the random component It. The X-11
model has multiplicative and additive versions. In
the multiplicative version, the components are mul-
tiplied to provide the original series, Xt=(St)(Ct)(It),
while in the additive version, they are added,
Yt=St+Ct+It. The St indices are similar to those from
the exponential smoothing methods, except that in
the middle of the series they are based on complex
weighting patterns of the observations both before
and after the date of the observation. At the end of
the series, the seasonal indices are based entirely on
past data. The Ct component consists of the underly-
ing smooth changing level of Xt and corresponds to
the level of the exponential smoothing models.
Finally, the It component consists of the part of Xt

that cannot be explained by St and Ct. A full account
of the X-11 technique is provided in Makridakis et
al. (1983) and Stellwagen and Goodrich (1993).

In the present study, the X-11 technique, the
additive version of which was applied on the origi-
nal untransformed data, was used to decompose the
monthly swordfish catches into the three compo-
nents. Fits and forecasts were then developed for
each of the three components separately (for St by
repeating the last available monthly values, for Ct by
extending the local trend-cycle at the end of the
series and for It by setting all 0.0). Consequently, fits
for 1982-1996 and forecasts for 1997 were estimat-

ed by adding the individual fits and forecasts and
were compared with the actual catches during both
periods as well as with those derived from an
ARIMA model (Box and Jenkins, 1976) applied on
square-root transformed data, and a Winters’ (1960)
exponential smoothing (WES) model, applied on
untransformed data. Both ARIMA and WES models
perform very well for monthly fisheries time series
(for an extended account of these techniques, see
Stergiou et al., 1997b). In addition, X-11 was also
fitted to the catches of the 1982-1993, 1982-1994
and 1982-1995 periods and forecasts were built for
1994-1997, 1995-1997 and 1996-1997 (i.e. 48, 36
and 24 forecasts in advance). All models were
developed using Forecast Pro (Stellwagen and
Goodrich, 1993).

Because all measures of accuracy suffer from
advantages and disadvantages, a suite of such mea-
sures was used to compare fits and forecasts built
with the different models with the actual catches
during the fitting and forecasting periods (for an
extended discussion see Stergiou and Christou 1996;
Stergiou et al. 1997b): (a) the absolute percentage
error (APE); (b) the mean APE (MAPE); (c) the root
mean squared error (RMSE); (d) the coefficient of
determination r2 between actual and fitted/forecast-
ed series; and (e) the Ljung-Box (1978) statistic,
which is used to indicate whether the errors are auto-
correlated or not. The above-mentioned measures
are very effective at capturing various aspects of
modelling and forecasting accuracy (Stergiou and
Christou, 1996; Stergiou et al., 1997b). 

From the point of view of the practitioner fore-
caster, who is mainly accuracy-oriented, the success
of a specific method can be judged by comparison
with other methods (a naive included) (Makridakis
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TABLE 1. – Monthly catches (in t) of swordfish in Greek waters, 1982-1997.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1982 36.1 28.5 75.9 62.5 63.3 65.8 55.4 66.0 53.6 24.1 14.6 9.6
1983 133.4 7.9 17.2 27.8 28.9 37.5 44.5 60.7 55.1 19.2 9.8 13.0
1984 19.7 16.1 26.8 38.6 92.4 130.4 118.1 111.4 87.1 67.7 39.2 24.7
1985 40.1 35.7 106.5 122.3 126.8 138.4 105.7 152.4 138.7 70.6 42.7 29.9
1986 48.6 75.5 108.0 123.8 153.4 187.1 226.8 149.0 142.5 63.6 48.0 29.7
1987 30.4 62.5 77.3 80.8 84.4 117.8 125.5 113.9 107.5 69.1 24.4 24.0
1988 43.3 105.2 84.6 110.0 133.6 147.4 161.2 177.3 156.4 63.9 35.4 32.9
1989 98.2 199.2 178.7 233.7 183.8 241.2 322.4 288.9 185.7 75.1 21.3 2.4
1990 34.7 86.0 96.2 96.7 125.8 153.8 170.2 223.2 159.6 32.6 20.5 15.5
1991 71.6 129.5 100.9 164.4 101.1 97.2 145.4 195.3 202.5 21.3 22.8 25.6
1992 50.0 138.6 103.4 90.7 94.1 65.6 136.4 165.2 86.2 30.9 33.1 37.3
1993 21.3 55.9 57.7 52.1 47.6 54.6 116.2 223.8 228.4 24.1 9.7 1.0
1994 21.2 128.4 157.8 99.2 201.2 293.9 283.3 284.1 212.3 45.5 2.5 4.9
1995 13.9 209.7 162.6 146.0 213.0 158.0 180.0 171.0 114.0 20.0 5.3 8.9
1996 16.0 126.0 98.0 101.0 179.0 164.0 155.0 164.0 164.0 18.0 23.0 28.0
1997 30.0 173.0 137.0 114.0 159.0 220.0 247.0 267.0 157.0 28.0 15.0 7.0



et al., 1983). Thus Theil’s (1966) U statistic was also
used for evaluating forecasts. U is defined as fol-
lows:

,

where et+1 is the error at time t+1. U is a compromise
between standard and relative measures (Stergiou et
al., 1997b; Makridakis et al., 1983). It provides a
measure of comparison of a given method with a
naive method that uses as a forecast at time t+1 (=Xt+1)
the catch at time t (=Xt). U attains values >0; U>1
indicates poor forecasting efficiency since the naive
method produces better forecasts; U<1 indicates good
forecasting efficiency.

RESULTS

The swordfish reported catches rose from about
500 t in 1982 to a maximum of 2030 t in 1989 and
declined thereafter (Fig. 2). The monthly catches
during 1982-1997 are shown in Figure 3a and the
different components extracted using X-11 are
shown in Figures 3b-d. The St component (Fig. 3b)
clearly depicted the marked seasonality of the catch-
es, being bimodal for the years 1982-1985, uni-
modal for 1986-1990 and bimodal again for the
remaining years, especially for the last ones. The Ct

component (Fig. 3c) clearly showed that catches
exhibit a long-term increasing trend during the study
period with cycles of about 2-4 years being super-
imposed on the long-term trend. Finally, the It com-
ponent exhibited higher variability for the years fol-
lowing 1991 (the coefficient of variation was
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FIG. 2. – Annual reported catches of Xiphias gladius, Greek Seas, 
1982-1997.

FIG. 3. – (a) Monthly catches of Xiphias gladius in the Greek Seas,
and separation of catches into different components using the X-11
technique: (b) seasonal component, (c) trend-cycle component and 

(d) irregular component.

FIG. 4. – Seasonal sub-series plot of the monthly catches of Xiphias
gladius, Greek Seas, 1982-1997. For each month, the horizontal
line represents the mean catch over the 1982-1997 period and the
vertical lines show the actual catches for each year of the 1982-1997 

period.



115.7% and 258.4% before and after 1991). The
seasonal pattern of the catches is also clearly depict-
ed in Figure 4, with mean monthly catches increas-
ing from a minimum of about 20-40 t in October-
January to about 180 t in August.

The various measures of fitting and forecasting
accuracy for the different models used are shown in
Table 2, and the monthly forecasts together with the
actual catches for 1997 are shown in Figure 5. The
X-11 method outperformed the other two methods,
in terms of both fitting and forecasting performance,
with respect to most measures used (Table 2). Thus,
it captured the basic features of the study series (Fig.
5), with fits for 1982-1996 being highly correlated
with the original data (r2=0.94), although they suf-
fered from residual autocorrelation [Ljung-Box18-dof

= 98.57, P>0.05] (Table 2). With the exception of
October, November and December 1997, when the
corresponding APE values were very high (as high
as 178.6%) because of the low level of the catches,

monthly catches were predicted accurately, with a
MAPE for the remaining nine months of 12.5%. In
contrast, the MAPE values of the ARIMA and WES
models for all months excluding October-December
were higher (ARIMA: 14.6%; WES: 16.6%; Table
2). The same was also true of the APE for the total
annual catch (Table 2). All three methods performed
better than the naive method, attaining U values
smaller than 1 (Table 2).

Consequently, the X-11 method was fitted to the
catches of the 1982-1993, 1982-1994 and 1982-
1995 periods and forecasts were built for 1994-
1997, 1995-1997 and 1996-1997 and compared with
those built for 1997 in Table 3. In general, the values
of the maximum APE, MAPE and APE of the
cumulative catch over the total forecasted period all
increased, whereas those of r2 decreased with an
increase in the forecasting horizon (Table 3). In
addition, 12-month in advance forecasts (i.e. for the
years 1994, 1995 and 1996) were also developed
from the models fitted to each of the above-men-
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TABLE 2. – Arithmetic values of the different measures of accuracy used for the evaluation of the performance of the different models used
for fitting, during 1982-1996, and forecasting, for 1997, of the monthly swordfish catches in Greek waters: (a) ARIMA (1,0,0)(0,1,1) model,
with coefficients a1=0.6738, B12=0.6209; (b) Winters’ exponential smoothing (WES) model, with additive seasonality and coefficients for
level, trend and seasonality equaling 0.541, 0.002 and 0.770 respectively; and (c) X-11 model. r2: coefficient of determination between fit-
ted/forecasted catches and actual catches; APE: absolute percentage error; MAPE: mean APE; RMSE: root mean squared error; LB: Ljung-

Box statistic (numbers in parentheses show the degrees of freedom and significant, P<0.05, values are marked with an asterisk).

Model Accuracy measure Model
X-11 WES ARIMA

Fits r2 0.94 0.72 0.77
RMSE 17.6 37.2 35.8
MAPE 35.7 86.8 55.1
LB (18) 98.57* 45.6* 20.5

Forecasts r2 0.95 0.88 0.92
RMSE 23.1 36.3 34.3
Monthly APE range 3.8-178.6 3.8-308.4 2.1-115.7
MAPE 31.8 50.1 22.2
MAPE (excluding October-December) 12.5 16.6 14.6
Annual APE 1.40 7.6 12.1
U 0.39 0.34 0.18

FIG. 5. – Comparison of the actual monthly catches of Xiphias gla-
dius in 1997 with the forecast catches built with the X-11, ARIMA 

and Winter’s techniques.

TABLE 3. – Arithmetic values of the accuracy measures of the fore-
casting performance of the X-11 model used for forecasting month-
ly swordfish catches 12, 24, 36 and 48 months in advance (i.e. fit-
ting periods: 1982-1996, 1982-1995, 1982-1994 and 1982-1993
respectively; forecasts: 1997, 1996-1997, 1995-1997 and 1994-
1997 respectively). APE: absolute percentage error; MAPE: mean
APE; total APE: APE for the cumulative catch over the total fore-
casted period; r2: coefficient of determination between forecast and 

actual catches.

Forecast horizon Accuracy measures
(months) APE min APE max MAPE Total APE r2

12 3.8 178.6 31.8 1.40 0.95
24 0.6 148.7 38.1 17.5 0.87
36 0.6 213.9 58.0 32.2 0.71
48 1.8 691.4 69.3 25.9 0.61



tioned period. Although monthly forecasts had very
high MAPE values for 1994 and 1995 (i.e. 119, 68
and 31% respectively) because of very large APE
values (>100%) of the forecasts for the months char-
acterised by low catches (i.e. October to January),
they captured the basic features of the monthly
series, thereby explaining a large part of the variance
of the actual catches during these periods (r2 = 0.67,
0.56 and 0.90, respectively). Indeed, when the
monthly forecasts of the above-mentioned months
were not taken into account, MAPE values were
much lower (37.0, 42.1 and 12.8% for 1994, 1995
and 1996 respectively) being similar to the annual
APE of the models (36.7, 32.5 and 6.9% for 1994,
1995 and 1996 respectively).

DISCUSSION

Forecasting plays a key role in fisheries manage-
ment, since it precedes planning, which, in turn, pre-
cedes decision-making (Stergiou and Christou,
1996; Stergiou et al., 1997b). Apart from methods
based on biological principles (e.g., Fox, 1970; Pope
and Shepherd, 1985; Borges, 1990), a variety of sta-
tistical techniques have also been used for fisheries
forecasting. These techniques are generally oriented
towards (Stergiou and Christou, 1996; Stergiou et
al., 1997b): (a) modelling on the basis of determin-
istic regression techniques that explain changes in
fishery variables (e.g. catch, recruitment) in terms of
changes in various biotic (e.g. spawning stock)
and/or abiotic variables (e.g. fishing effort, climate);
(b) modelling on the basis of univariate time series
techniques that treat the system as a black box,
viewed as an unknown generating process, and fore-
casting is based on projecting past values of a vari-
able and/or past errors into the future; and (c) mod-
els that synthesise the above two general approach-
es (multivariate time series). Available studies indi-
cate that although time series models do not have a
built-in stock structure, they should not be dismissed
(e.g. Stocker and Noakes, 1988; Noakes et al., 1990;
Stergiou and Christou, 1996; Stergiou et al., 1997b;
Lloret et al., 2000). This is especially true of cases
for which time series of biological data (e.g. catch-
at-length or age) on various species are lacking, as is
the case in Greek and Eastern Mediterranean waters
in general, which renders the application of “biolog-
ical” forecasting models impossible (with the excep-
tion of surplus-yield models; Stergiou et al., 1997b;
Stergiou, 1998). In fact, time series models may pro-

vide more accurate, short-term forecasts of various
fisheries-related measures than “biological” models
(e.g. Stoker and Noakes, 1988; Noakes et al., 1990;
Stergiou and Christou, 1996; Stergiou et al., 1997b).

In the present study, three time series techniques
were used to model and forecast the swordfish
catches in Greek waters, using catch data reported
by the NSSG for 1982-1997. Although the X-11
technique generally outperformed the ARIMA and
WES models in terms of both fitting and forecasting
performance (Table 2), its forecasting performance
decreased with the length of the forecasting horizon
(Table 3). The ARIMA and WES methods have gen-
erally been found to be efficient in forecasting fish-
eries catches in the largest comparison of methods
ever used in fisheries forecasting (i.e. time-varying,
harmonic, multiple and dynamic regression models;
WES; ARIMA; and vector auto-regression) applied
on the monthly NSSG catches of 16 species or
groups of species in the Greek Seas during 1964-
1989 (Engraulis encrasicolus; Sardina pilchardus;
Boops boops; Pagellus erythrinus; Merluccius mer-
luccius and Micromesistius poutassou; Trachurus
spp.; Scomber spp.; Mullus spp.; Spicara spp.; total
fish, cephalopods, crustaceans catches; and trawl,
purse seine, beach seine and “other coastal boats”
catches) (Stergiou et al., 1997b).

The overall good performance of X-11 in terms
of short-term forecasting (i.e. up to 12 months in
advance) and the fact that it provides an insight into
the various components (i.e. the seasonal, trend-
cycle and irregular components) of the time series of
interest both justify its use in fisheries research,
along with simulation studies (e.g. Fromentin and
Fonteneau, 2001). It must be pointed out, however,
that since most International Commissions work
with a delay of 6 to 12 months (i.e. stock assess-
ments are performed with 6 to 12 month old data),
short-term forecasting techniques will be useful
only when such a delay is reduced considerably. 

The increased variability observed after 1991
(Fig. 3d; the coefficient of variation was 115.7% and
258.4% before and after 1991) may indicate that
swordfish has suffered overfishing in recent years, a
fact that is also suggested by preliminary stock
assessments carried out by ICCAT and the predom-
inance of juveniles in the catches (Anonymous,
1996; ICCAT executive summaries of species status
reports for 2000). The application of the X11 tech-
nique also showed that the monthly catches exhibit
a clear seasonal pattern, with a major peak during
the summer months (mainly in August) and a minor
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one during the winter months of 1982-1985 and of
1990-1997. The summer peak of the catches must be
attributed to the higher fishing activity in summer,
because of the prevailing favorable weather condi-
tions (Tserpes, 1995; Tserpes et al., 1993). The
minor winter peak could be related to the changes
that have taken place in the Aegean swordfish fish-
ery. In the early 1980s the fishery was opportunistic
and mostly conducted by small coastal vessels oper-
ating in certain parts of the Aegean Sea (Fig. 1),
which most probably represent feeding grounds
(Tserpes and Peristeraki, 2000). The fishery started
to expand from 1986 to the early 1990s because sev-
eral boats that were previously involved in the
sponge fishery gradually entered the swordfish fish-
ery. These boats initially operated in the eastern
Levantine but later expanded their activities
throughout the southern Aegean Sea. Generally,
since 1991, the fishery exploitation pattern has
remained spatially stable. Thus, the absence of the
winter peaks in the catches during 1986-1990
reflects the changes that took place in the exploita-
tion pattern of the stock. Finally, the closed sword-
fish fishing season from October to January that was
fully enforced after 1990 may be responsible for the
re-appearance of the winter peak in the early 1990s,
and the relatively higher catches obtained the first
two months (February, March) following the re-
opening of the season. 

As mentioned above, the X-11 method provided
accurate forecasts up to 12 months in advance (i.e.
short-term, operational forecasts). This implies that
forecasts were close to the actual reported catches.
However, whether actual reported catches reflect
real catches or not is a different matter. It is general-
ly well known that catch statistics suffer from sever-
al biases, because of misreporting and underreport-
ing (e.g. Watson and Pauly, 2001). Thus, the evalua-
tion of the official catch statistics is essential for var-
ious fisheries analyses. Estimations of the swordfish
catches have also been derived independently from
research projects conducted during the last 15 years,
based on the collection of detailed catch and effort
data (i.e. annual number of hooks) from the main
landing ports of the Aegean Sea (for details, see
Anonymous, 1995; DeMetrio et al., 1992; Tserpes
et al., 2000). Consequently, the total swordfish
catches have been estimated through extrapolation
to the total effort of the fleet, the latter being esti-
mated through regular interviews with fishermen at
all Greek landing sites. Such estimates are only
available for the years for which the research pro-

jects were conducted (i.e. 1986-1988 and 1990-
1995; Tserpes, unpubl. data). There are important
year-to-year differences between the NSSG and the
research-survey time series (Fig. 6; r=0.51, n=8,
P>0.2), with the research estimates differing from
the NSSG reported catch values by 1.2 to 56.9%
APE, depending on the year. However, their
absolute percentage difference in terms of cumula-
tive catches over the total period was only 10%.

Although the seasonal resolution of the research
survey series is limited when compared to the NSSG
one, which justifies the use of the NSSG data for the
requirements of the present study, the comparison
between the two time series clearly revealed that the
official reported catches might not actually reflect
the real catches. This introduces ‘subjective uncer-
tainty’ (uncertainty attributed to lack of knowledge:
Ferson and Ginzburg, 1996) into various fisheries
estimations, thereby seriously affecting the stock
assessment of the Mediterranean swordfish. The
observed patterns of temporal variability of both
seasonal and long-term swordfish catches (Fig. 2)
introduce ‘objective uncertainty” (i.e. uncertainties
resulting from the underlying variability in stochas-
tic processes, such as growth, mortality and recruit-
ment: Ferson and Ginzburg, 1996) into various fish-
eries estimations. These two types of uncertainty
should be treated separately in various risk analyses
(Ferson and Ginzburg, 1996). Although it is widely
recognised that objective uncertainty is one of the
key-factors in predicting and managing fisheries
resources (e.g. Walters and Maguire, 1996; Flaaten
et al., 1998; Stokes et al., 1999; Cochrane, 2000),
and managers are aware of such uncertainty, it is still
largely neglected in stock assessment or manage-
ment procedures (Lauck et al., 1998). In fact, it is to
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FIG. 6. – Relationship between the annual Greek catches of Xiphias
gladius for the years 1986-1988 and 1990-1995 derived from two
different sources, namely from NSSG and from survey estimates
(Tserpes, unpublished data); the correlation coefficient between the 

two series is not significant (r=0.51, n=8, P>0.2).



this aspect of fisheries ecology that recent para-
digms of fish stocks collapses are generally attrib-
uted (e.g. Stergiou, 2002). This issue has also seri-
ously hampered stock assessment of the Mediter-
ranean swordfish in recent years (ICCAT executive
summaries of species status reports for 2000). 
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