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ABSTRACT

The interception of rainfall by vegetation greatly affects the hydrology of a basin.
The main objective of this paper is to evaluate the effect of annual rainfall variability on
the interception in isolated individuals of two of the most common types of vegetation,
Pinus pinea and Cistus ladanifer, in a Mediterranean watershed. For this, experimental
data were taken for four years and the Rutter interception model was used to calculate the
canopy drying time, while Rutter and Klaassen methodologies were used to determine
the storage capacity of the canopy. On the whole, 29.6% of rainfall was intercepted
for pine, and 17.7% for rockrose. Stemflow accounted for 0.3% for pine and 17% for
rockrose, while 70.1% of the rainfall fell as throughfall for pine and 65.3% for rockrose.
However, in dry years, the interception percentage almost doubled that of wet years.
An average canopy drying time of 9.2 hours was established for pine, and 4.4 hours for
rockrose. Approximately equal results of canopy storage capacity were obtained from
both methods (1.8 mm for pine and 0.7 mm for rockrose). Both species registered higher
values of canopy storage capacity in dry years than in wet years.
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RESUMEN

La interceptacién de la lluvia por la vegetacidn afecta sobremanera la hidrologia de
una cuenca. El objeto de este trabajo es determinar el efecto de la variabilidad anual de
la lluvia sobre la interceptacion en individuos aislados de Pinus pinea y Cistus ladanifer,
en una cuenca mediterranea. Para ello, se tomaron datos experimentales durante cuatro
afios y se us6 el modelo de interceptacion de Rutter para calcular el tiempo de secado
del dosel, en tanto que para determinar la capacidad de almacenamiento del dosel se
consideraron las metodologias de Rutter y Klaassen. En conjunto, el 29,6% de la lluvia
fue interceptada por pinoy 17,7% porjara. E1 0,3% en pinoy el 17% en jara ocurri6 como
escorrentia cortical, y el 70,1% fue trascolacion en pino y el 65,3% en jara. Sin embargo,
en afios secos, el porcentaje de interceptacion casi duplicé el de afios hiimedos. El tiempo
de secado medio en pino fue 9,2 horas y en jara 4,4. Aproximadamente, se obtuvieron
iguales resultados de la capacidad de almacenamiento del dosel usando ambos métodos
(1,8 mm en pino y 0,7 en jara), registrandose también valores mas altos en afios secos.

Palabras clave

Pinus pinea o Cistus ladanifer  sur de Espafia ¢ capacidad de almacenamiento del

dosel e tiempo de secado del dosel

INTRODUCTION

The partitioning of rainfall affects the
water balance both locally and at basin
scale, and accordingly the structure of the
vegetation cover significantly affects the
hydrology of a watershed. During and after
a rainfall event, the vegetation temporarily
stores rainwater on the canopy, which
subsequently evaporates (interception),
resulting in a reduction in the water
available for infiltration (38). Rainfall that
is not intercepted, falls as throughfall,
affecting the surface layers of the soil and
the rate of deep percolation below the root
zone in a discontinuous forest cover, while
stemflow can reach the deeper layers of soil
and make water directly available to the
roots. Some studies in the Mediterranean
basins indicate that forest cover leads to
a significant reduction in average annual
measured flows, and so from a hydro-
logical perspective, vegetation canopies
exert significant control by modifying
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both evaporation and precipitation redis-
tribution (4). It is demonstrated that
interception losses represent a significant
component of the water balance in forest
areas (24). These losses can vary from 9%
of incident rainfall in the Amazon rainforest
(26) to almost 50% in coniferous forests
in areas of Mediterranean mountainous
climate (25).

The most common field method of
determining interception is to measure
incident precipitation, throughfall
and stemflow. Interception is then the
difference between precipitation and
the sum of throughfall and stemflow.
In general, trees have a higher relative
throughfall (the ratio of throughfall
to gross rainfall) and a lower relative
stemflow than shrubs (26, 39).

Whatever the method used to
obtain the canopy storage parameters
for modeling interception, there is no

Revista de la Facultad de Ciencias Agrarias



Influence of interannual rainfall variability on interception

standard protocol for measuring incident
rainfall, throughfall and stemflow in inter-
ception studies (21). This is due, on the
one hand, to the variety of study objec-
tives and diversity in vegetation coverages
studied (22) and, on the other hand, to
the fact that sampling systems are not
well adapted to the heterogeneity of the
forests studied (40). The accuracy of
measurement of these variables can give
rise to negative interception values or, at
least, errors in the interpretation of the
measurements obtained (1, 8).

However, the process of interception
is influenced by two main factors: the
climate conditions and the structure of
the species of trees or shrubs (35). In
literature, no consensus exits on whether
climate or vegetation is the dominant
factor. For instance, (3) compared
stemflow from Pinus sylvestris with five
tree species at three sites in northern
Britain and found that it was influenced
by stand characteristics more than by
weather conditions. On the other hand,
(12) showed with a modeling study that
the rainfall distribution is most dominant
for the interception amount.

In Mediterranean forest where canopy
cover is discontinuous, the wide variability
in the relationships between rainfall
and interception losses creates greater
complexity (6, 15). In areas of dehesas
pasture, such as our study area, where
the forest is composed of isolated trees
interspersed with shrubs, this complexity
is even greater (5).

Canopy water storage capacity is a
key factor determining the quantity of
precipitation intercepted (13, 16). When
rainwater that falls on the canopy exceeds
the maximum holding capacity water
begins to fall to the ground along with the
water that manages to pass directly through
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the canopy without being intercepted
(i.e, free throughfall). These parameters,
the canopy water storage capacity (S)
and the free throughfall coefficient (p),
are related to climatic conditions during
rainfall and to the canopy structure (26).

In coniferous forests, there is a close
relationship between interception and the
amount of water stored in the canopy (20).
Moreover, in shrubs the water storage
capacity can even at times be comparable
to that of tree communities and, despite
their short height, in arid and semi-arid
environments water loss by evaporation
in rainy periods may be similar to losses
in more temperate forests (9).

Although several experiments have
been carried out in areas generally
referred to as Mediterranean climates,
few have focused on the subtype and none
to the best knowledge on a dehesa area,
while dehesa's are a common ecosystem
or land use type in southwestern Iberian
Peninsula. The present study was
conducted in isolated individuals of the
most common types of vegetation in the
Mediterranean "El Cabril" watershed,
Pinus pinea and Cistus ladanifer, with
objectives: (i) to estimate the impact of the
annual rainfall variability on the process
of interception; (ii) to determinate of the
minimum number of hours required for
all water stored in the canopy to evaporate
and (iii) to calculate the amount of
precipitation needed to reach saturation
point in both species. While many studies
in Mediterranean climates are of short
duration this study encompasses a study
period of four-year, which allows us to
obtain more consistent results than those
typically found in literature.
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STUDY SITE AND MATERIALS

Site description

The experimental plots are located on
a forest area known as "El Cabril" in the
town of Hornachuelos, which is in the
west of the province of Cordoba, Spain.
"El Cabril" has an area of 11.26 km? and
its geographic coordinates are 38°4' N and
5°25'W (figure 1).

The climate of the study area
is influenced by its two main
geographical features: its elevation

(500-700 m a. s. L) and its relative
continentality. It is characterized by a
semi-arid continental Mediterranean
climate, featuring hot, dry summers and
moderately cold winters.

The average annual temperature is
16°C, with the maximum ranging between
37 and 41°C, and the minimum between
-1 and 3°C. The average annual rainfall
(1990-2013) is 506 mm/year with large
variations (CV = 0.49), December being the
wettest month (average 73 mm/month)

and July and August the driest months
(average 4 mm/month).

The rainfall regime is one of the most
characteristic climatic aspects, with the
majority of precipitation occurring from
October to May.

The reason for studying isolated
individuals is the frequent existence
of sparse vegetation in the basin. The
plant communities are dominated by
Mediterranean  sclerophyllous  scrub
(6.1 km?) with extensive thickets of
rockrose (Cistus ladanifer) accompanied
by retama (Retama sphaerocarpa),
mastic (Pistacia lentiscus), flax-leaved
daphne (Daphne gnidium), lavender
(Lavandula stoechas) and rosemary
(Rosmarinus  officinalis). A  large
area at the basin rivers’ headwaters
(2.6 km?) is covered by plantations of pine
(Pinus pinea), planted in the early 1970s.

Pinus pinea

[ Bounday farm
— Level curves
— Riverbed
[ Shrubland
[ Pine grove
[ Others

® Experimental

plots
® Raingauges

0205410 820 1,230 1,640
o ——— | 0

CABRIL
®

.Cordoba

V Hornachuelos

Figure 1. Location of the forest area of the "El Cabril".

Figura 1. Ubicacion de la zona forestal de "El Cabril".
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The relief of the study area is fairly
steep, with an average slope of 30%. Other
species such as eucalyptus and quercus
are also present in the basin, but they
cover a smaller area. The soils are sandy
loam texture and relatively shallow with a
depth not exceeding 30 cm in most of the
basin (29).

Materials

Three  experimental plots were
established to determine throughfall (Tf)
and stemflow (S f), two of Pinus pinea and one
of Cistus ladanifer. In each plot, there is only
one individual of the corresponding species.
The study was conducted over a four-year
period from October 2010 to June 2014 in
the case of the first pine plotand the rockrose
plot. For the second pine plot, experimental
data is available from September 2013 until
June 2014. The characteristics of these plots
are shown in table 1.

The second individual of pine has
been chosen with similar dasometric
characteristics to the first in order to
eliminate the influence of geometry on
the results obtained. To do this, it was
measured the same variables that other
authors chose to quantify the growth of

species due to management strategies
(ie. Donoso et al, 2016) or to establish
the value of individuals of commercial or
ornamental interest (ie. Ponce-Donoso
and Vallejos-Barra, 2016). These variables,
among others, are the height of the tree,
the canopy area projection or the diameter
at breast height (table 1).

Two tipping bucket raingauges
were installed to record the incident
precipitation with an accuracy of
0.2 mm (Eijkelkamp). Precipitation data
are recorded every 10 minutes on a
datalogger (e+® RAIN).

The raingauges are located in two open
areas, approximately 20 meters away from
the pine plots and the rockrose plot. Also,
there is a complete meteorological station
at El Cabril watershed.

In both pine plots, a permeable fence
(two meters high) was installed to protect
the instrumentation inside, delimiting an
area of 28.27 m?, in both cases.

In the pine plots the volume of
throughfall (Tf) is measured by eight
standard manual raingauges of 9.3 cm
in diameter located under the pines
according to cardinal directions and
forming two concentric rings.

Table 1. Characteristics of experimental plots.

Tabla 1. Caracteristicas de las parcelas experimentales.

. Canopy area .
Plot Latitude | Longitude Height | Dbh projection Altitude Orientation Sl;)pe
(m) (m) (m?) (m) (%)
P '""?l’)""e“ 38.076°N | 5.421°0 | 87 | 0.39 33.1 4581 | Southeast | 28.0
P '""(s"’;'"e" 38.076°N | 5.421°0 | 88 | 043 34.1 4614 | Southeast | 27.6
Cistus | 36 087°N | 5.427°0 1.9 0.05 0.78 4103 South 40.0
ladanifer
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Dbh: Diameter at breast height.
Dbh: Diametro a la altura del pecho.
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In addition, six troughs consisting of
20 cm wide and 2 m long metal guttering
were installed radially just below the
canopy within the research plots. Pérez-
Arellano et al. (2016), found that similar
statistically results were obtained with
any of these methods.

The guttering was installed at a slope
of about 10% to encourage the draining of
the collectors. Stemflow (S f) is measured by
an open, flexible tube sealed with silicone
around the trunk of the trees, and channeling
the water collected to a 12-liter tank.

The guttering and the raingauges were
cleaned at least once a month but on
occasions they still got blocked.

Furthermore, it was also measured Tf
and S,ona rockrose plant that had repre-
sentative characteristics for Cistus ladanifer,
by means of an adaptation of the so-called
"interception flow collection box" described
by Belmonte and Romero (1998). This
device consists of a 0.45 m? impermeable
square surface surrounded by an L-shaped
perimeter that ensures that the throughfall
does not overflow, and that it reaches the
drainage point located in one of the corners
(figure 2). All throughfall water is collected
and channeled to a 25-liter tank.

Figure 2. Experimental plots for Pinus pinea (a) and Cistus ladanifer (b).

Figura 2. Parcelas experimentales en Pinus pinea (a) y Cistus ladanifer (b).
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The plot is also waterproofed laterally
to prevent the entry of lateral rain. To
measure stemflow, a container was placed
around the base of the trunk to collect the
water flowing through the branches to the
trunk. This water is conveyed to a 12-liter
collection tank.

The gaskets of the "interception
box", the drain holes and cortical runoff
collector were sealed with silicone.

Measurements were taken when the
rainfall events had ended and after a suffi-
cient period of time for the canopy storage
to empty and for throughfall and stemflow
to be fully collected (usually one day after
the end of the rain).

Methods

Effect of annual rainfall variability on
the process of interception

In this study, the amount of inter-
cepted precipitation has been deter-
mined indirectly by taking the difference
between the incident rainfall and the
measure precipitation passing through
the vegetation canopy, which is divided
into throughfall and stemflow:

_ 1
[=P-T,-8, (1)

where:

I = interception (L)

P = incident precipitation (L)
T,= throughfall (L)

Sfis stemflow (L).

During study period, it was calculated
the water balance per precipitation event
and we obtained information about T
and S for Pinus pinea and Cistus ladanifer.
The influence of precipitation annual
variability on the interception process can
be studied because it was disposed of four
years of data and a very high number of
rainfall events.
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Canopy Drying time

A precipitation event is defined as one or
multiple showers with at least enough time
between the events to dry the canopy, where
a shower is a single-rainfall occurrence. In
this case, it was applied the Rutter model of
interception (35) to estimate canopy drying
time, using hourly climatic data from the El
Cabril weather station.

The model is based on a calculation
of the water balance in the canopy and
trunks, and uses incident precipitation
and evaporation in the canopy and the
trunk to estimate throughfall, stemflow
and interception. Wet canopy evapo-
ration can be directly calculated from the
Penman-Monteith potential evaporation
equation (28).

Pereira et al. (2016), have proposed a
wet bulb to estimate mean evaporation
rate as an alternative to the Penman-
Monteith equation when the forest canopy
is fully ventilated. The canopy drying time
(CDT, h) was obtained by calculating the
amount of time it takes for the canopy to
dry completely after the end of the rainfall
event ("rain shower"); given that we
have hourly precipitation and potential
evaporation data, we know when the rain
stops and how many hours it takes until,
according to the model, there is no longer
any water stored in the canopy.

Canopy storage capacity

According to Leyton et al (1967),
canopy storage capacity (S, mm) can be
defined as the amount of precipitation
needed to reach saturation point and it can
be determined using the graphic method
whereby incident precipitation P is plotted
against T for individual events. Due to the
fact that the field readings could comprise
a number of rainfall events and that there
was no continuous record of throughfall,
it was selected only the events with one or
two showers to calculate S.
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In the case of an event with two
showers, the total amount of intercepted
water was divided in proportion to the
amount of incident precipitation collected
in each shower.

The scatter plot demonstrates a
two-step relationship between incident
precipitation and throughfall (34).

The first step was dictated by canopy
storage and the second step occurs after
saturation of the canopy.

The intersection point between the
regression line fitted to the first-step
data and the upper envelope line of the
second-step data as proposed by Gash and
Morton (1978) and Lloyd et al (1988),
represents the event size in which the
amount of incident precipitation is suffi-
cient to saturate the canopy (P). Finally,
the value of S is obtained from the
intercept of the upper envelope on the
throughfall axis (in absolute value).

Specifically, when the amount of the
incident precipitation in an event was
less than P, the incident precipitation
was mostly intercepted by the canopy
and the amount reaching the ground,
does so as free throughfall; therefore,
the regression line slope between Tfand
P indicates the proportion of incident
precipitation reaching the ground as free
throughfall (18). So, for the first step, the
coefficient of free throughfall (C), defined
as the proportion of incident precipitation
reaching the ground as free throughfall,
can be calculated as the ratio between T,
and P, and the canopy storage capacity
can be obtained as suggested (34), by
applying equation 2.

S=1-C)P (2)
Following the methodology proposed

by Huanhua et al. (2013), which defines
the canopy storage capacity (S, mm) as
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the maximum possible water storage after
a quick drain has stopped, and calculates
S using a scatter plot of measured inter-
ception (I) versus P, linear regression of the
type I = a-P + [3 is fitted to the second-step
data, taking o as the ratio of precipitation
that evaporates from the canopy and {3 as
the canopy storage capacity (S).

RESULTS

Effect of annual rainfall variability
on the process of interception

It should be noted that in the first and
third year precipitation was 60% and 25%
higher, respectively, than the average of
the previous 20 years, while in the second
and fourth year precipitation was 44%
and 20%, respectively, below the previous
average (table 2, page 147). These data
show the interannual variability of rainfall
over the years.

It was recorded 64 rainfall events for
Pinus pinea and 53 for Cistus ladanifer.
The rain showers had an average intensity
of 2.81 mm/hour.

The maximum intensity recorded at
10 and 60 minutes were 13.8 mm and
28.6 mm, respectively.

In Pinus pinea the cumulative amount
of precipitation measured after 64 events
was 2083.6 mm (CV = 0.96), with a high
variability (ranging from 1.2 mm to
180.6 mm), being the volume of water
intercepted 616.6 mm (29.6%).

In the Cistus ladanifer plot, only
53 events could be included in the study
due to different problems when taking
the samplers (such as filling up the water
collection tanks and installation errors).
In this case, the accumulated rainfall was
1289.4 mm, with a lower coefficient of
variation (CV = 0.74), and an interception
amount of 228.6 mm (17.7%).
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Table 2. Precipitation and throughfall, stemflow and interception losses for period
2010-2014.

Tabla 2. Precipitacion y pérdidas por trascolacion, escorrentia cortical e interceptacion
durante el periodo 2010-2014.

i inus cistus inus cistus inus cistus
Period | Plmm) | " | @) | o | G | G0 | 6
2010-2011 | 805.7 78.5 70.9 0.4 18.7 21.1 10.4
2011-2012 | 2835 61.5 55.5 0.2 16.3 383 28.2
2012-2013 | 635.1 73.6 69 0.4 15.9 26 15

) 57.7.(1) 0.1 (D) 422 (D)
2013-2014 | 4024 | ., an 635 | % an 176 | 437 an 18.9

For Cistus ladanifer the average Canopy storage capacity

throughfall was 65.3% and the average
stemflow was 17%, whereas in Pinus
pinea these values were 70.1% and 0.3%,
respectively. Table 2, shows the results
broken down by year. The year 2013-2014
displays results for both the first and
second pine.

Canopy drying time

For the pine, the Rutter model
identified a total of 278 rainfall events
("rain showers") with an average drying
time of 9.2 hours. The canopy drying time
for rockrose is 4.4 hours, and 374 rainfall
events were identified in this case. Erring
on the side of caution, it was established a
minimum period of 10 hours to evaporate
all the water stored in the canopy for Pinus
pinea and 5 hours for Cistus ladanifer.

Based on the CDT values obtained, it
can be assumed that the methodology
followed for taking measurements of
throughfall and stemflow is appropriate.
All water from throughfall and stemflow
had already been collected by the different
tanks the day immediately after rainfall.
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Figure 3 (page 148) shows the
relationship between incident precipitation
and throughfall of 38 showers at the first
pine plot and of 35 showers at the rockrose
plot (see section 3.3). Measurements from
the second pine plot are not shown as there
are insufficient data to provide significant
results. In these cases, P, and S obtained
graphically are 4.2 mm and 1.8 mm for
Pinus pinea, and 1.4 mm and 0.6 mm for
Cistus ladanifer, respectively.

The value of C obtained as the values
of slopes of the regression equations
between throughfall and incident precipi-
tation for the first step in Pinus pinea and
Cistus ladanifer are 0.58 and 0.51, respec-
tively, as indicated in section 3.3. Applying
equation 2 (page 146), gives S values of
1.76 mm for Pinus pinea, and 0.69 mm for
Cistus ladanifer. Both values are in close
agreement with those obtained graphi-
cally (1.8 mm for Pinus pinea and 0.6 mm
for Cistus ladanifer).

These results were compared following
the methodology proposed by Klaassen
et al. (1998), figure 4 (page 149), that
yielded values of 1.81 mm for Pinus pinea,
and 0.74 mm for Cistus ladanifer, similar
to those obtained above.
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Figure 3. Scatter plot of throughfall against incident precipitation
(Tf > Ps(©); Tf <Ps(e)) for Pinus pinea I (a) and Cistus ladanifer (b). The regression line fitted
to the first-step data and the upper envelope line of the second-step data is depicted with a
discontinuous and continuous line, respectively (Canopy storage capacity).

Figura 3. Representacion de la trascolacién frente a la precipitacidn incidente
(Tf > Ps(0); Tf <Ps(e)) para Pinus pinea 1 (a) y Cistus ladanifer (b). La linea de regresion
ajustada a los datos del primer escaldn y la linea envolvente superior de los datos
del segundo escaldn se representan mediante una linea discontinua y continua,
respectivamente (Capacidad de almacenamiento del dosel).
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Figure 4. Scatter plots of interception against incident precipitation for

Pinus pinea | (a) and Cistus ladanifer (b).

Figura 4. Representacion de la interceptacion frente a la precipitaciéon incidente para

Pinus pinea () y Cistus ladanifer (b).
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The value of S varies between the two
types of years being greater in dry years
(2.07 in pine and 1.09 in rockrose) than
in wet years (1.71 in pine and 0.61 in
rockrose). This would seem logical since
in dry years the wet canopy evaporation
increases and, consequently, the storage
capacity of the plant also increases.

DISCUSSION

Effect of annual rainfall variability
on the process of interception

The results show that the canopy inter-
ception differs per vegetation type and
annual precipitation (table 2, page 147).

The interception rate is higher in
dry years for both species, and is nearly
double that of wet years. This can be
explained with reference to the canopy
storage capacity, which decreases in rainy
years and is exceeded more easily, as will
be made clear in section 4.3. Accordingly,
throughfall is lower in dry years than in
wet years.

The results from both the first and
second pine are very similar, which
might initially suggest that a single year
is enough to record conclusive measure-
ments. Nevertheless, table 2 (page 147),
shows widely varying results between dry
and wet years, thus indicating that study
periods of more than a year are advisable.

There is a significant difference
between species in terms of the redis-
tribution of precipitation. Stemflow is
negligible in Pinus pinea, but substantial
in Cistus ladanifer. This is largely due to
differences in plant structures.

In rockrose, the relative stemflow is
very variable, which may be an indication
of the effect of the resin produced by these
shrubs, that acts as a repellent against the
first drops of rain.
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Garcia-Estringana et al. (2010), showed
that the impermeable wax, ladane,
secreted by Cistus ladanifer acts as a water
repellent and diminishes the retention
of intercepted rainfall. Plant surfaces are
rendered water repellent by three-dimen-
sional microstructures of the epidermal
cells and hydrophobic wax crystals (17).

The amount of throughfall for Cistus
ladanifer is lower than that obtained by
Simdes et al. (2009), in Evora (southern
Portugal) for the same specie (79% Tf)
during two years, but higher than Cistus
salviifolius (61% T). Such variation may
be mostly a result of differences in canopy
structure; Cistus ladanifer is characterized
by sparse foliage clumps distributed verti-
cally and with larger gaps in the canopies.

For Pinus pinea the results are
consistent with those obtained in two
studies carried out in a Mediterranean
climate: Llorens et al. (1997), for Pinus
sylvestris (24% I) in Barcelona, Spain;
and Ibrahim et al. (1982), for Pinus pinea
(27% I) in Petit Saint-Jean, France.

However, Ghimire et al. (2012), in
their study of a forest of Pinus roxburghii
located in Nepal recorded slightly
different proportions of throughfall,
stemflow and interception, at 83%, 0.5%
and 16.5% of precipitation, respec-
tively. This demonstrates the impact of
climate on the interception process in
similarly-structured species.

Levia Frost (2003), linked the large
amounts of stemflow in rockrose, in all
cases and even with low-intensity rains, to
the plant having a cone-or funnel-shaped
structure. Cistus ladanifer features just
such a structure, with vertically-oriented
branches at an insertion angle of more
than 45° to the horizontal, thus favoring
the flow of water from the branches to the
trunk. However, in pine, cortical runoff is
lower in drier years because the intensity
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and duration of rainfall decreases. Once
again, the limited data available for the
second pine means that results are of
little relevance.

Canopy drying time

Canopy drying time generally varies
depending on evaporation rate after the
rain (10, 35). Thereisno standard criterion
for the duration of the drying period, as it
depends largely on the climate and natural
processes affecting precipitation. Some
authors have set this time at 4 hours (33),
while others estimate 12 hours (3).

This results show that canopy drying
time varies from specie to specie, being
more than double for Pinus pinea that for
Cistus ladanifer, which makes sense given
the difference between canopy structure
of both species, that is much greater for
Pinus pinea.

Canopy storage capacity

The results are consistent with experi-
mental values for interception measured
in both plant species. It is indeed the
case that a greater amount of incident
precipitation is required to saturate the
pine canopy compared to the rockrose.
Accordingly, the canopy storage capacity
is greater for pine.

For small quantities of incident
precipitation-too small to saturate the
canopy-the slope of the line-of-fit is practi-
cally the same in pine and in rockrose
(figure 3, page 148), indicating equal
throughfall increases in both species in
response to equal increases in precipi-
tation. Under these conditions, the only
throughfall is free throughfall. Moreover,
the slope in each case should show the
relationship between throughfall and the
incident precipitation, or the coefficient
of free throughfall, with a zero intercept.
Values different from zero obtained from
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said intercept in this study, although
relatively small, are due to expected
experimental measurement errors.

Thus it can be seen that either method
can be used to determine such infor-
mation, although it is advisable to use
both in order to confirm the validity of
the results, particularly with low values
for the coefficient of determination R?, as
was the case for Cistus ladanifer (R>=0.18)
when the Klaasen methodology was used
(figure 4, page 149).

These values are similar to those
obtained by Saxena (1986), for a pine
forest in Uppsala (S = 2.1 mm, C = 0.49 and
Ps =4.1 mm).

For Cistus ladanifer, we find a higher
value than Garcia-Estringana et al. (2010),
who obtained an average S value of 0.54
mm using eight individuals in a laboratory
setting. The different values obtained by
different authors may be due, among other
reasons, to the use of short data series that
fail to reflect the annual rainfall variability.

The difference between dry and wet
years in the value of seems logical since
the maximum evaporation rate from
wet/saturated forest canopies increases
in dry years and, consequently, the storage
capacity of the plant increases.

CONCLUSIONS

This research show that the canopy
interception differs per vegetation
type and annual precipitation. Notable
differences in interception values were
found when comparing dry and wet years.
The interception rate is higher in dry years
for both species, and is nearly double that
of wet years. Accordingly, throughfall
is lower in dry years than in wet years.
Then, to reach significant conclusions
in interception studies, the use of data
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from periods of greater than one year is
therefore recommended.

Canopy drying time for each species
following a rain event is quite different
given the morphology and plant archi-
tecture differences between both species,
being more than double for Pinus pinea
that for Cistus ladanifer.

Accordingly, the canopy storage capacity
is greater for pine.

The value of canopy storage capacity
varies between the two types of years
being greater in dry years than in wet
years, in both species, because the canopy
storage capacity decreases in rainy years
and is exceeded more easily.

A greater amount of incident precipi-
tation is required to saturate the pine
canopy compared to the rockrose.
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