
Introduction

Recent figures about Canary tomato (Solanum lyco-
persicum L.) show a sharp drop in surface and exports.
The recession has forced many farms to disappear and
the main cultivation areas have suffered from the
expected decreases in employment and income.
Obviously, this trend is a response to a downturn in
profits for farmers. To break such a trend, one way that
needs to be explored is a better adjustment of Canary
tomato exports to seasonal variations in supply and
demand in the European tomato market.

The search for prof itability has traditionally led
Canary growers to concentrate exports to the European
markets in winter (Cáceres-Hernández, 2000, 2001;
Martín-Rodríguez & Cáceres-Hernández, 2005, 2012).
However, increased competition within these markets
is among the factors to get prices down and, conse-
quently, to a decrease in prof it margin for Canary

exporters over the last decade. The southeast Spanish
regions and Morocco are the main competitors of
Canary Islands in the European market from October
to March. In fact, Canary exporters have reduced their
market share in such a way that they are price takers.
Furthermore, the profit margin for a Canary tomato
farm depends, noticeably, on the degree in which the
period of highest exports overlaps with the period of
highest prices (Cáceres-Hernández et al., 2009). There-
fore, a more accurate knowledge about the seasonal
pattern in prices series is needed to rethink on the opti-
mum seasonal pattern of exports1. In the same sense,
non reversible decisions about the optimum planting
time of Canary tomatoes should be made from the de-
tection of the periods of the year in which highest and
lowest prices are observed.

In fact, agricultural prices usually show considerable
seasonal variations (Jumah & Kunst, 2008). Seasonal
patterns in agricultural prices are driven by changes in
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supply and demand. Demand may be not so seasonal
in some cases. However, when production is affected by
climatic factors and storage is costly, prices tend to exhi-
bit strong seasonal variations. This is especially the case
for perishable commodities such as fruits and vegeta-
bles in low-income countries (Amikuzuno & Von Cramon- 
Taubadel, 2012), but also in the European countries2.

On the other hand, such variability increases as data
are more frequently sampled. Therefore, the shape of
the seasonal pattern in daily series becomes more re-
levant than the values of the seasonal effects at diffe-
rent days. In that sense, smooth functions such as spli-
nes (Poirier, 1976; Eubank, 1988) are a suitable tool
to deal with this type of seasonal patterns.

As Martín-Rodríguez & Cáceres-Hernández (2010,
2012) pointed out, spline functions are a useful tool to
capture the pseudo-periodic movements in high fre-
quency time series. Prices of the vegetables traded on
the European markets over the year are only available
for few days in those weeks in which the product is on
the market, but the marketing period may change from
year to year depending on factors such as weather or
market dynamics. To forecast this type of data, conven-
tional approaches3 have serious difficulties4. However,
if the seasonal pattern is regular, such that the seasonal
effect at a point in time is assumed to depend on the
proportion of the whole seasonal period at this point
in time, the seasonal component can be formulated as
a function of such a proportion, that takes values into
the continuous interval (0,1). Then, a parametric for-
mulation such as the so called Restricted Evolving
Spline Model (RESM), developed by Martín-Rodríguez
& Cáceres-Hernández (2012), is a useful tool to model
and forecast pseudo-periodic seasonal patterns.

The heterogeneity of the seasonal patterns in daily
series is less pronounced in weekly data and goes
unnoticed when lower frequency data are analyzed. To
the best of authors’ knowledge, as well as the paper by
Martín-Rodríguez & Cáceres-Hernández (2012), few
papers have explicitly dealt with seasonal effects in
weekly agricultural prices (Steen & Gjolberg, 1999;
Sorensen, 2002). Miller & Hayenga (2001), Campenhout
(2007), Cruz & Ameneiro (2007), Motamed et al.

(2008), Bakucs et al. (2012), Emmanouilides & Fousekis
(2012) and Esposti & Listorti (2013) investigate weekly
agricultural price transmission, but seasonal variation
is assumed to be fixed, removed or ignored. The analy-
sis of the law of one price by Rumánková (2012) is
based on biweekly data, but seasonal movements are
omitted. Amikuzuno & von Cramon-Taubadel (2012)
and Stephens et al. (2012) apply vector error correction
models to semiweekly wholesale tomato prices. In both
of these two papers, the analysis is performed under
two regimes corresponding to different periods into
the year, but the seasonal pattern is not taken into
account. The complexity of these seasonal patterns is
the key factor in the scarcity of papers on this issue.

Following the RESM framework, the goal of this
paper is to develop statistical procedures to compare
and forecast seasonal patterns in daily price series of
Canary tomatoes. To this aim, analytical tools are pro-
vided to: a) show the evolution of the seasonal patterns
in agricultural prices over time and compare seasonal
patterns for a series in different harvesting periods or,
also, for different series in the same harvesting period,
and b) identify linear relationships between the para-
meters driving changes in the seasonal patterns for two
different series and forecast the seasonal pattern in one
of this two series from the forecasting of the seasonal
pattern in the other one.

Material and methods

This section is organized into two parts. In the first,
singularities in daily price series of Canary tomato are
emphasized to show that conventional approaches are
not suitable to deal with them. In the second part, the
elements of the statistical methodology proposed in
this paper are presented.

Daily series of Canary tomato prices

Daily price series of Canary tomato in British and
German wholesale markets between 1999/2000 and

2 García-Álvarez-Coque et al. (2009) point out seasonality as one of the salient features of the EU tomato imports. The
behaviour of Spanish vegetable prices has been analysed, among others, in Ben-Kaabia & Gil (2008), Pérez-Mesa et al.
(2010), Pérez-Mesa & Galdeano-Gómez (2011) and Galdeano-Gómez & Pérez-Mesa (2012).
3 Seasonal ARIMA models (Box & Jenkins, 1976) or seasonal structural time series models (Harvey, 1989).
4 To overcome such limitations, the seasonal period is usually forced to be fixed by means of ad hoc procedures. See, among
others, Harvey & Koopman (1993), Harvey et al. (1997), Martín-Rodríguez et al. (2002), Martín-Rodríguez & Cáceres-
Hernández (2005), Cáceres-Hernández & Martín-Rodríguez (2007), Jumah & Kunst (2008), and Cabrero et al. (2009).
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2010/2011 harvests are analyzed in order to discover
essential features in seasonal variations. Daily data
have been calculated as averages of daily prices for the
6 kg box of round tomato in different wholesale markets
provided by the national organism Secretaría General
de Comercio Exterior del Ministerio de Industria, Tu-
rismo y Comercio del Gobierno de España. Tomato prices
in 2011/2012 harvest are employed to test the forecas-
ting performance of the models.

As commented, tomatoes are not usually exported
for some weeks, especially during the summer period.
However, the length of the harvest has evolved over
time. Since the relevant seasonal variation is defined
during the marketing period, missing values located in
the summer period have been deleted. Furthermore,
prices are available for only one of the markets in some
periods, but it is hard to believe that Canary tomatoes
are not exported to both of the two markets during these
weeks. Because of that, a common export period is
assumed for the two series in the same harvest.

For each week inside the export period, prices are
only available for some days from Monday to Friday.
So, missing data are always present. However, what-
ever the number of observations, the length of the
seasonal period sc in harvest c has been calculated by
assuming that there are five seasons (days) per week.
Thus, two price series are obtained and are referred to
as {pt

AL}t=1,…,2020 and {pt
RU}t=1,…,2020 for Germany and the

UK, respectively (Fig. 1).
Noticeable parallel movements are observed for

both of the series in the long term behaviour, as shown
in the respective series of moving averages with period
corresponding to observations at a seasonal period

whose length is sc (Fig. 1). Such moving averages tend
to be higher in German markets, as expected to com-
pensate for the difference in transportation costs5.
According to the long term movement, there is not a
tendency for an increase in prices, but noticeable os-
cillations are observed in the short time. As shown in
Table 1, minimum prices are usually observed near the
beginning or the end of the harvest, although the lowest
price in some harvests is located in weeks near the end
or the beginning of the year. Maximum prices are re-
gistered in the same week or in weeks near each other
in both markets for most of the harvests. On the other
hand, the sign of deviations from moving averages
seems to be always the same for both of the series. In
spite of that, the noisy behaviour in price series makes
hard to f ind interesting analogies in seasonal varia-
tions. Furthermore, as shown in Table 1, the length of
the seasonal period does not remain the same over the
sample and the number of observations makes clear that
prices are sparsely and irregularly observed. Therefore,
the methodology proposed in the following section is
more suitable than conventional approaches.

Comparison and forecasting of seasonal
patterns

Statistical procedures to compare and forecast sea-
sonal patterns in agricultural price series are proposed
in this section inside the RESM framework adapted to
the daily case. The seasonal variation in a daily price
series, γt, is assumed to be completed in each one of
the m harvests over the sample. Let sc be the number

Figure 1. Daily price series of Canary tomato (euros/box of 6 kg). Source: Own elaboration from data provided by Secretaría Ge-
neral de Comercio Exterior del Ministerio de Industria, Turismo y Comercio del Gobierno de España (http://iprecom.comercio.es).
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5 The Canary tomato export level is ~100,000 t, of which 50% is bound for the UK and another 50% for the rest of Europe,
mostly for Germany. Sea shipping to Southampton (UK) and Rotterdam (Holland) is the main transport mode used by Canary
farmers to export tomatoes to the European markets. An additional cost is incurred in the case of German markets, due to
the transport from Holland to Germany.
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of days of harvest c, c = 1,…,m, and let γt be defined
as γt = γc,w if the observation at time t and harvest c
corresponds to day jc in such a way that the proportion

of the seasonal period elapsed up to day jc is ,

jc = 1,…,sc. Then, the RESM formulation is built in four
phases.

Firstly, an evolving periodic cubic spline is formu-
lated to capture changes in the shape of the seasonal
pattern over time, in such a way that

, [1]

where , c = 1,…,m, and ξt is a

residual term. If the observation at time t and harvest

c corresponds to day jc in such a way that , the

seasonal effect at this proportion of the seasonal period
can be def ined as a periodic cubic spline gc (w) ex-
pressed as

, [2]

where X γ
c,0,w,…,X γ

c,k,w are functions of the proportion w
and the break points wi, i = 0,…,k, of the spline that

describes the seasonal pattern in harvest c, and
γc,w0

,…,γc,wk
are free parameters to be estimated6. Se-

condly, the estimates {γc,wi
}

c=1,…,m
, i = 0,…,k, can be ex-

pressed as a non periodic cubic spline defined as

, [3]

where Y γ
i,0,c,…,Y γ

i,r,c are functions of harvest c and break
points ci,j = cj, j = 0,1,…,r, and γ i,0,…,γ i,r are free
parameters to be estimated, which represent the
seasonal effects at the proportion wi of the seasonal
period in harvests c0,c1,…,cr. Thirdly, the seasonal
pattern can be modelled as a function of parameters
{γi,0,…,γi,r}i=0,…,k–1, as follows:

, [4]

where , i = 0,…,k, j = 0,…,r,

and ηt is a residual term.
Finally, the parametric formulation developed in the

second phase provides forecasts of seasonal effects at
the break points, {γm+h,wi
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Table 1. Exporting period, minimum and maximum prices (euros/box of 6 kg) by harvest

Harvest Period1
Observations Minimum prices2 Maximum prices2

Germany UK Germany UK Germany UK

1999/00 42-24 (175) 92 78 3.74 (F/23) 2.37 (T/24) 10.28 (F/13) 11.40 (W/11)
2000/01 42-24 (175) 99 80 4.70 (F/24) 1.60 (F/14) 9.50 (W/48) 10.05 (T/43)
2001/02 41-22 (170) 91 82 3.13 (W/21) 2.78 (M/21) 14.80 (M/12) 15.38 (T/11)
2002/03 41-23 (175) 91 85 4.00 (M/2) 2.97 (W/8) 8.67 (F/10) 9.47 (F/10)
2003/04 41-23 (175) 89 88 4.15 (F/23) 3.68 (M/21) 9.30 (W/12) 9.53 (M/12)
2004/05 43-24 (175) 95 88 4.13 (F/24) 4.26 (W/1) 12.73 (M/3) 11.72 (W/3)
2005/06 42-24 (175) 97 87 4.03 (M/24) 2.19 (M/48) 8.47 (F/19) 7.96 (W/16)
2006/07 41-23 (175) 84 96 4.07 (M/48) 3.54 (M/48) 11.58 (W/14) 10.87 (M/14)
2007/08 44-23 (160) 70 66 5.18 (W/6) 3.31 (F/8) 9.73 (F/51) 9.11 (M/51)
2008/09 44-23 (160) 70 80 5.33 (W/45) 3.80 (W/14) 9.33 (W/10) 8.99 (F/10)
2009/10 43-20 (155) 79 64 3.38 (F/48) 2.75 (F/48) 12.24 (W/14) 13.34 (M/13)
2010/11 44-21 (150) 53 76 5.25 (F/21) 4.26 (F/18) 9.65 (M/50) 8.64 (W/48)

1 The exporting period is indicated by the beginning and ending weeks. The length of the seasonal period is measured in days and
enclosed in brackets. Due to the presence of leap years in the sample, there are observations corresponding to week 53 in 2004 and
2009. 2 The date of registering minimum or maximum price is enclosed in brackets and indicated by the day of the week (M: Mon-
day; T:Tuesday; W: Wednesday; Th: Thursday; F: Friday) and the week of the year.

6 The continuity of the spline function and of its first and second derivatives are enforced and the spline is assumed to be
natural. See Martín-Rodríguez & Cáceres-Hernández (2012).
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where X γ
m+h,0,w,…,X γ

m+h,k,w are regressors def ined as
indicated in first phase. Note that the model captures
the dynamic process of change in the shape of the
seasonal pattern. Therefore the procedure is reliable
to make forecasts of such changes in coming harvests.

Once the basic procedure has been explained, the
following sections deal with the proposal of statistical
indicators to compare and forecast seasonal patterns
in daily agricultural prices.

Comparison of seasonal patterns

One of the most interesting topics in the analysis of
this type of series is to assess if seasonal effects are an
increasing part of the variation in the series. However,
when the observed seasonal effects correspond to diffe-
rent seasons in different harvests, conventional models
are too rigid to this assessment. The comparison of
seasonal effects at the same day of the year in different
harvests is not always possible and, above all, conclusions
about similarities between seasonal patterns in different
harvests should not be based only on sesonal effects
at days in which such a comparison can be done. From
this point of view, the definition of seasonal effect at
a day as a function of the proportion of the seasonal pe-
riod overcomes this drawback as the length of the
seasonal period for each harvest is rescaled to be the
unit interval. Let the curved line in Fig. 2a be seasonal
pattern in harvest c modelled by a spline function.
Then, the magnitude of seasonal variations in this harvest
is measured as the shadow area M under the spline, com-
puted as the sum of the absolute values of the integrals
of the spline function for each interval between two
consecutive intersections of the spline with the hori-
zontal axis at proportions Lq–1 and Lq. That is to say,

, [5]

where L0 = w0 = 0, Ll = wk = 1 and gc(Lq) = 0, q = 1,…,l – 1.
In a similar sense, seasonal patterns can be

compared for two prices series at the same harvest. Let
the curved lines in Fig. 2b be the seasonal patterns in
harvest c modelled by respective spline functions for
two time series {xt} and {yt}. Then, the divergence
between seasonal patterns for these two time series is
calculated as the shadow area M* between the splines,
computed as the sum of the absolute values of the
integrals of the difference between splines for each
interval between two consecutive intersections between
them at proportions L*

q–1 and L*
q. That is to say,

, [7]

where L*
0 = w0 = 0, L*

l = wk = 1 and ge
X(L*

q) = gc
Y(L*

q), q =
= 1,…,l* – 1. In this way, the convergence or divergence
between the seasonal patterns for two series can be ob-
served from the evolution of such an area.

Relationships between seasonal patterns 
and conditioned forecasts

The RESM formulation provides forecasts of the
seasonal pattern in a time series from its past beha-
viour. However, it might be also useful to obtain fo-
recasts of the seasonal pattern in a time series from the
past behaviour of the seasonal pattern observed in
another time series. Let {xt} and {yt} be two time series,
and let {γ X

c,wi
X}c=1,…,m and {γ Y

c,wi
Y}c=1,…,m be the estimates

of corresponding seasonal effects at the break points
wi

X, i = 0,…,k, and wi
Y, i = 0,…,k. Note that the number

of break points is assumed to be equal for both of the
two series, but locations are not enforced to be the same.
Following the RESM procedure, forecasts of {γX

m+h,wi
X}h=1,…

and {γY
m+h,wi

Y}h=1,… can be obtained. However, seasonal
patterns in daily price series might be related. Then,
the seasonal effect γ X

c,wi
X, i = 0,…,k, for series {xt} in
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Figure 2. Seasonal patterns: (a) magnitude,  M, and (b) dissimilarity degree,  M*.
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harvest c at the proportion corresponding to the break
point wi

X, might be assumed to be explained as a linear
function of the seasonal effects {γ Y

c,wi
Y}i=0 ,…,k for series

{yt} in the same harvest c at proportions corresponding
to the break points {wi

Y}i=0,…,k. That is to say,

, [8]

where εi,c is a residual term. Therefore, forecasts of
seasonal effects {γ X

m+h,wi
X}h=1,… can be obtained from the

forecasts of seasonal effects {γ Y
m+h,wi

Y}h=1,… as

. [9]

Results

In this section, the results of applying the proposed
methodology to daily series of Canary tomato prices
are shown. An approximation to the seasonal effects
needs to be obtained as the first step to model seasonal
variations in terms of spline functions. In that sense,
the deviations from the corresponding moving avera-
ges7, {γ̂ t

AL,1}t=1,…,2020 and {γ̂ t
RU,1}t=1,…,2020, are previous

estimates from which the number and locations of the
break points are selected. The number of break points,

assumed to belong to the set , is chosen

so that the spline captures the main changes in the
shape of the observed seasonal pattern, whereas the
set of locations of these points is the one that mini-
mizes the residual sum of squares when the model in
Eq. [1] is fitted to the previous approximation to the
seasonal pattern8.

From the results of estimating a parametric model
in terms of Eq. [1] for each one of the series, new

approaches to seasonal effects are obtained. Once these
estimates are corrected in such a way that the area
under the spline function is equal to zero over the unit
interval corresponding to each harvest, new estimates
{γ̂ t

AL,2}t=1,…,2020 and {γ̂ t
RU,2}t=1,…,2020 are obtained (Fig. 3a).

Following the methodological section, the evolution
of the seasonal effect at each one of the break points
in the seasonal period has been modelled by means of
a two-segment non-periodic cubic spline. When these
constraints are enforced, a new formulation of the ori-
ginal evolving splines, in terms of Eq. [4], is obtained:

, [10]

where γi,j is the seasonal effect at proportion wi in the
seasonal period corresponding to harvest cj. These
hypotheses about the seasonal pattern can be intro-
duced into a structural model

, [11]

where µt is a stochastic level, which captures the ins-
tabilities in the long term component. Note that one of
the regressors Ui,j,t is deleted to avoid multicollinearity
problemas. The estimates of seasonal variations from
the structural time series model, {γ̂ t

AL,3}t=1,…,2020 and
{γ̂ t

RU,3}t=1,…,2020 (Fig. 3b), have been corrected in such a
way that the area under the spline function over each
harvest is equal to zero. The correction applied to the
estimates of seasonal variation has been taken into
account to correct the estimates of the stochastic level9.

The estimates in Fig. 3b, γ̂t
3, show the direction in which

the shape of the whole seasonal pattern is changing.
However, when seasonal effects are calculated as func-
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7 Due to the presence of missing values, and to avoid distortions in the approximation to the long term movement, moving
averages have been calculated once missing data have been substituted by linear interpolations between adjacent observations.
This criterion is based on the assumption that the seasonal pattern is regular, in such a way that the moving averages take
the seasonal effects corresponding to all the days in the seasonal period into account.
8 To estimate these models, the decision has been made to delete seasonal effects at days in which price is not observed,
except when prices are not available for any day in a week. This being the case, an approximation to the seasonal effect at
Wednesday in such a week has been calculated as the difference between the interpolated value employed to calculate the
moving average and the resulting moving average at the same day. Note that, in this way, noticeable distortions are avoided
in the shape of the seasonal patterns, which might go unnoticed until the final estimates of seasonal effects were obtained.
The break points are finally located at the following proportions of the seasonal period: w1 = 0.260, w2 = 0.501, w3 = 0.532,
w4 = 0.651, w5 = 0.800 for prices in German markets; and w1 = 0.311, w2 = 0.553, w3 = 0.557, w4 = 0.561, w5 = 0.788 for prices
in the UK.
9 Impulse interventions have been included into the structural model at observations corresponding to wednesdays in weeks
in which prices are not available for any day. Other intervention variables have been also useful to capture anomalous
observations.
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patterns corresponding to consecutive harvests, or corres-
ponding to different prices series at the same harvest,
is obtained. In the same sense, the measures of the areas
M and M* under and between the splines capturing the
respective seasonal patterns are shown in Fig. 5.

These behaviours in seasonal patterns can also be
explained from the estimates of seasonal effects at the
break points into the seasonal period shown in Fig. 6.
The parametric formulation of such an evolution of
seasonal effects at break points over the sample is use-
ful to forecast these seasonal effects in coming har-
vests. From these estimates, forecasts of the seasonal
effect at each proportion of the seasonal period can be
obtained. Fig. 7 shows the forecasts of seasonal effects
at each proportion of the unit interval corresponding
to the 2011/2012 harvest. For the price series in the
UK, there are few observations corresponding to that
harvest. In this case, Fig. 7 also shows the forecasting
of the seasonal pattern obtained from the forecasting
of the seasonal pattern for prices in Germany.

The forecasting of seasonal effects at specific days
corresponding to some weeks in a year is conditioned
by the assumptions about both the length of the sea-
sonal period and the beginning week of the harvest. In
the coming harvest, the beginning week and the length
of the seasonal period are assumed to be the same as
those observed in the 2010/2011 harvest. On the other
hand, predicted values of the trend component are
obtained according to the estimates of parameters of

the third degree polynomial function for the last
segment in a three-segment non-periodic cubic spline
fitted to the stochastic level. Then, the price forecasts
shown in Fig. 8 are also obtained as sums of trend and
seasonal forecasts.

Discussion

The results in previous section highlight some sa-
lient features. In Germany and also in the UK, the
beginning of harvests is progressively less remune-
rative, although such a trend seems to be stopped in
the British markets for the last harvests. In a similar
sense, the noticeable price drops at the end of the
harvests at the beginning of the past decade has beco-
me much more moderate. Furthermore, the highest
prices, located around the beginning of the last third
of the harvest, are lower and lower, although these
prices seem to be recovering in German markets during
the last harvests (Fig. 4). The changes at the beginning
and the end of the harvests are clearly driven by the
evolution of the estimates of seasonal effects at the
break points located at the extreme values of the unit
interval, γ̂ 3

c,w0
and γ̂ 3

c,w6
, respectively (Fig. 6).

The most remarkable feature is that seasonal varia-
tions in both price series are becoming less pronounced
harvest by harvest. This behaviour is very clear in the
UK, whereas seasonal effects in German markets begin
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Figure 3. Estimates [γ̂t
2 in (a) and γ̂ t

3 in (b)] of seasonal effects at each day.
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Figure 4. Estimates of seasonal effects, γ̂3
c,w, at each proportion.
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to grow up slightly from 2006/2007 harvest. The diver-
gencies in the seasonal behaviour of the price series
have also reduced along the analyzed period. However,
seasonal patterns are closest together in 2003/2004 har-
vest, and the distance between them goes increasing
in the following harvests, but seasonal patterns for both
price series do not become as different as at the be-
ginning of the past decade (Fig. 5).

As regards the forecasting performance, both fore-
casts for seasonal effects in British markets, from the
past behaviour of the own price series or from the frecasts
for prices in German markets, are very close. On the other
hand, the magnitude of the irregular component is
strong in prices observed in the German markets, but
forecasts capture the shape of the seasonal pattern over
the harvest, whereas the short term variations are not
relevant to make decisions such as planting dates or
about the weeks in the export period. Unfortunately,
the forecasting performance of the model for the prices
in British markets can not be evaluated due to the
scarcity of observations. However, the forecast based
on the past behaviour of the own series is, as expected,

very close to the other one conditioned by the forecasting
of seasonal effects for prices in German markets.

A reflection about the European fresh tomato market
is needed to explain the changes observed in seasonal
behaviour of Canary tomato prices. As mentioned, the
main destination of Canary tomato supply is the north
of Europe. The demand for fresh tomatoes in these
countries depends on a number of factors. Colour and
taste are important to get high prices. The temperature
also influences the attitude of consumers. However,
the consumption is regulated by the import of toma-
toes. Adverse climatic conditions have traditionally
constrained the local production. Therefore, these
countries depend heavily on imports to meet the
domestic demand, particularly during the winter season.
Obviously, tomato prices are conditioned by the local
demand, but their variations are mainly related to the
movements in a variety of supplies from different ori-
gins characterized by changing quantities and qualities.

The development of greenhouse technology in the
north of Europe and also the increase in supply from
mainland Spain and from third countries sharing the

Figure 5. Comparison of evolving seasonal patterns.
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same export period as the Canary Island have led to a
growing overlap of the different supplies in spring and
autumn. Canary tomato supply remains concentrated
in winter, but its market share has dropped sharply,
whereas the trade agreements between the European
Union and Morocco appear to have encouraged a growth
in Moroccan exports. Furthermore, the southeast Spain
has become the main supplier of the European market
during the winter and tomatoes from this area are
present in these markets over the whole year.

In accordance, the peaks in Canary tomato prices at
the beginning of the export harvest tend to disappear.

European consumers expect value for money and there-
fore they are willing to pay higher prices for Canary
tomatoes when the market becomes short of local or third
countries supplies. However, the differences in percei-
ved quality between alternative origins have diminished
and, although imports from different sources are imper-
fect substitutes, the total available supply is perceived
as more homogeneous in quality and quantity over the
year. Therefore, the magnitude of seasonal variations
in tomato prices is expected to be reduced.

However, such seasonal effects have a noticeable
impact on profitability due to the downward trend in

Figure 7. Forecasts of seasonal effects at any proportion of the seasonal period (2011/2012 harvest). UK (Germany) denotes the
forecasts of seasonal effects for prices in the UK obtained from the forecasting of the seasonal pattern for prices in Germany. 
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real average prices. The increase on the tomato supply
from the southeast area in Spain and to a lesser extent
from Morocco has brought about prices to stagnate in
nominal terms, which means a diminishing of real re-
venues. On the other hand, the cultivation and marke-
ting costs for Canary fruit are growing faster than
revenues because Canary producers have turned from
being price makers to price takers. In fact, notwith-
standing the public aids, the reduction of profit mar-
gins during the last harvests has led to a drop in the
cultivation surface and the export levels. Some decades
ago, the Canary export level could be assumed as a key
factor to determine prices at weeks in which the Canary
market share was very relevant (see Cáceres, 2001).
Nowadays it is hard to assume that the price behaviour
is influenced by the seasonal pattern of Canary exports.
However, when the seasonal pattern of tomato prices
is taken into account, decisions about planting dates
could be highly remunerative. In such a sense, the results
about weekly prices obtained in this paper are useful.

An association between these results and other
published works (Amikuzuno & Von Cramon-Taubadel,
2012; Rumánková, 2012; Stephens et al., 2012) is hard
to establish because, as commented, seasonal patterns
in daily price series are not usually modelled. However,
the description, comparison and forecasting of Canary
tomato prices in alternative European markets to which
exports are sent, provide a guide for Canary producers
to make decisions. The long term movements show a
narrow relationship between prices observed in the
British market and the ones available for the European
continental market. On the other hand, seasonal patterns
do not seem to converge, but the highest prices are
located around close periods of the harvest for both of
the two series. This f inding would suggest to make
decisions about planting dates in such a way that
enough fruit supply be obtained in such periods.
However, the location of these periods near the end of
the export period makes hard to synchronize highest
supply periods and highest price periods. In fact,
Canary growers are making decisions about stepped
planting dates in some greenhouses in an attempt to
take advantages from the most remmunerative price
periods. In that sense, the identification of any diver-
gence between highest price periods for both series
would be worthwhile to adjust supply to demand in
order to increase prof itability. To make all of these
decisions, there is a need to forecast price behaviour a
long time beyond the observed period and the models
proposed in this paper are a suitable tool to this aim.

From a methodological point of view, the adapta-
tions to daily series proposed in this paper have shown
to be useful to model and forecast seasonal patterns as
heterogeneous as present in agricultural prices. Follo-
wing the proposal by Martín-Rodríguez & Cáceres-
Hernández (2010, 2012), the conventional definition
of the seasonal effect at a point in time as a function
of the season in which data is observed needs to be left
aside. To deal with prices irregularly observed at spe-
cific days located into a changing period of the year,
the seasonal period is defined as the unit interval and
the seasonal effect at any point in such an interval is
defined as a function of the corresponding proportion
of the interval. In this way, seasonal effects at specific
proportions corresponding to each one of the seasons
can be obtained whatever the number of days in which
the seasonal period is completed.

Furthermore, a noisy behaviour in daily prices makes
hard to observe long term movements and, above all,
seasonal variations, which are key elements in the
decision making process of economic agents. From
this point of view, spline functions allow the researcher
to distinguish noisy variations from more regular sea-
sonal fluctuations, and these parametric formulations
are also flexible enough to capture evolving seasonal
patterns. In this way, the estimates of the seasonal effects
by means of the RESM formulation are not conditioned
by the specific days in which data has been observed
for each harvest. Notwithstanding, missing data may
result in serious bias in estimates of seasonal effects
by means of spline functions when a long period inside
the harvest is not taken into account in the error cri-
terion of the adjustment procedure. Although such dis-
tortions are softened by means of conditions that enfor-
ce the seasonal effects at specific break points in the
harvest to evolve according to non periodic spline
functions.

In spite of the singular characteristics of daily prices
series, the analytical instruments developed in the
methodological section have shown to be useful to assess
both the evolution of pseudoperiodic seasonal patterns
and the degree of dissimilarities between seasonal
patterns in different daily price series. These tools make
also feasible the forecasting of the seasonal pattern in
a daily series in dependence of the forecasts of the
seasonal pattern in another daily series. Therefore, the
results of such procedures are useful to agricultural
price analysis aimed to guide farmers in making better
decisions on date of planting, seasonal distribution of
supply or choice of destination markets.
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