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Abstract: Gross rainfall, throughfall, stemflow and interception losses were determined and studied for seven 

years (1996 – 2002) in an evergreen schlyrophylous species (maquis) stand of eastern Mediterranean region 

and specifically of southern – western Greece. The data were collected on a weekly basis and are presented and 

analysed on annual time scale. The seven years mean annual values of throughfall, stemflow and interception 

losses were 61.2%, 6.8% and 32% of the corresponding gross rainfall (1134 mm), respectively. The annual 

values were compared and discussed with those of studies carried out in the western Mediterranean region and 

partially in southern California.  

Key-Words:schlyrophylous species, annual scale analysis, hydrological measurements.  

1 Introduction 
Rain that falls on a forest canopy is distributed in 

throughfall, stemflow and interception losses as it 

moves towards the forest floor. Quantification and 

understanding of the interactions among these three 

hydrological components, the vegetation and soil of 

a watershed, are of great importance for the rational 

management of these natural resourses (Newson, 

1992).   

Quantification of interception losses is very 

important due to its significant impact on the 

watershed’s water balance (Ward and Robinson, 

2000). Interception losses influence the water yield 

and the other water components of forested 

watersheds relative to non-forested watersheds 

(Calder, 1976; Asdak et al., 1998). Throughfall and 

stemflow affect the forest biogeochemical cycles 

(Stökli, 1991; Soulsby, 1997), as they are 

responsible for the transfer of precipitation and 

solutes from tree canopies to forest soil.  

Throughfall  and stemflow also influence 

streamflow generation (Neave and Abrahams, 

2002), spatial patterning of soil moisture (Durocher, 

1990; Chang and Matzner, 2000; Tobόn Marin et al. 

2000), soil erosion (Herwitz, 1988), soil solution 

chemistry (Haworth and McPherson, 1995; Chang 

and Matzner, 2000) and the distribution of 

understory vegetation and epiphytes (Crozier and 

Boerner, 1984; Andersson, 1991). 

Measurements and investigation of the referred 

above hydrological components have been 

conducted in various types of forests and mostly on 

temperate broadleaved (Brown and Barker, 1970; 

Hörmann et al., 1996; Toba and Ohta 2005), 

coniferous (Gash et al., 1980; Johnson, 1990; 

Pypker et al., 2005) and tropical forests (Herwitz, 

1985; Lloyd and Marques, 1988; Fleischbein et al., 

2005) around the world.  However, such studies are 

also very important for the evergreen sclerophylous 

vegetation (maquis) in the Mediterranean region and 

according to literature, these hydrological 

components have been mainly studied in the 

western parts of it (Roda et al., 1990; Bellot and 
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Escarre, 1991; Domingo et al., 1998; Avila and 

Rodrigo, 2004) and partially in eastern regions 

(Schiller et al., 2002). The hydrological importance 

of the maquis is associated with the Mediterranean 

climate itself, which is characterized by seasonality 

of rainfall, relatively intense and infrequent storms 

and high temperatures during summer. 

Maquis affects the components of the 

hydrological cycle and so is closely related to major 

hydrological issues of the Mediterranean region and 

mainly to soil erosion, flooding, water yield and 

water quality. Additionally, the effects of maquis on 

these hydrological issues also depend on its 

structural and spatial characteristics. Maquis in the 

Mediterranean region do not grow under 

undisturbed conditions because it has been severely 

affected by human activities. Large areas of uniform 

vegetation cannot be found; thus the research into 

the relation between the hydrological components 

and the vegetation conditions and types requires 

measurements in many representative sites.  

These irregularities of vegetation, as well as the 

wide variety of meteorological conditions in the 

Mediterranean region, indicate that a rigorous 

hydrological analysis should take place. In Greece, 

such work has dealt only with coniferous and 

deciduous broadleaved species (Papoulias and 

Nikolaidis, 1979; Nikolaidis and Papoulias, 1981; 

Michopoulos et al., 2001; Baloutsos et al., 2004) 

and not with maquis.  

The objective of this study was to measure, 

evaluate and analyze, on an annual scale, the 

throughfall, stemflow and interception losses of 

maquis vegetation consisted of many species in 

south-western Greece and compare the results with 

those obtained in maquis stands of other 

Mediterranean countries or other countries with 

Mediterranean climate. This will help researchers 

understand the variability of these hydrological 

components among various Mediterranean regions.  

 

 

2 Materials and Methods 
2.1 Study Area 
The study area is located in south western Greece 

(38o50΄51΄΄N and 21o18΄20΄΄E), 225 km from 

Athens (Fig. 1). It lies in the headwaters of one of 

the small streams of the Acheloos River, which is 

the main one of western Greece. A plot of 0.27 ha 

was selected in 1995 for biogeochemical and 

hydrological studies and being representative of the 

vegetation (maquis), soil, the parent rock and the 

topography of the wider area. The altitude of the 

plot is 360 m a.s.l. and the terain is hilly. The soil is 

Haplic Luvisol (FAO, 1988) and its parent material 

is flysch. The mean annual rainfall and the mean 

annual temperature (1973-2003) at the 

meteorological station of the area located 400 m 

from the plot and at an altitude of 350 m, are 1001 

mm and 15.2 oC, respectively. The plot and the 

wider area are covered by evergreen sclerophyllous 

vegetation (maquis). This is a multi-layer, dense 

coppice stand with canopy closure 1.2-1.3 (tree 

canopies overlap) and  height varying from 3 to 10 

m. The understorey is dominated by Phillyrea 

latifolia, Arbutus unedo and Erica arborea. Sporadic 

stems of Cercis siliquastrum and Erica verticilata 

are also present. In the top storey there is a number 

of Quercus ilex stems distributed almost uniformly. 

The characteristics of the tree species are shown in 

Table 1. 

 

 

2.2 Gross rainfall measurement 

Gross rainfall was measured in a forest clearing 

located 80 m approximately from the center of the 

experimental plot and having the same altitude with 

it. The diameter of the clearing was larger than the 

double of the height of the surrounding trees to 

avoid underestimation of the rainfall due to edge 

effects. 

Near the middle of the clearing, two non-

recording raingauges (Lambrecht K6, D=16 cm), 

one with its orifice at the surface of the ground (pit 

raingauge) and the other at the height of 1.5 m 

above the ground surface, were installed. Close to 

them, a recording raingauge (Belfort type) was also 

installed with its orifice at the height of 1.5 m above 

the ground surface, for the study of the time 

distribution of rainfall.  

All gauges were checked on a weekly basis, 

always the same day. In order to correct any 

underestimation or overestimation of rainfall 

measured by the above two non-recording 

raingauges, the arithmetic mean of rainfall of them 

was estimated and considered as the “true” value of 

the plot. 

 

 

2.3 Throughfall measurement 

Throughfall was measured in a rectangular subplot 

(39 X 22 m) located inside the original plot of 0.27 

ha. The manual of the ICP-Forests (1994) was used 

for the determination of the number of throughfall 

collectors. It recommends using at least 10 to 15 

funnels with a diameter of 20 cm and advocates a 

pre-study of the variation within the plot to 

determine the required number specifically for the 

site under study. After taking into account the 
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homogeneity of the forest stand, the subplot area 

was divided into 858 sampling squares one meter in 

side. Ten of the above squares were selected 

randomly and a throughfall collector was installed at 

the center of each. 

The throughfall collectors had a fixed position. 

This decision was taken because a regular relocation 

of them, as recommended by Lloyd and Marques 

(1988) to improve the representativity of the sample, 

would have resulted  in serious disturbance of the 

forest soil and consequently to the non normal 

ecological functioning of the plot.  

The collector was formed by an 18 cm diameter 

polyethylene funnel connected through a one-meter 

long hose to a 5-liter polyethylene bottle. A small 

plug of tulle was fitted into the neck of the funnel to 

keep any litter from entering the bottle. The whole 

assembly was enclosed vertically in a PCV drainage 

pipe, dug firmly into the ground.  

Once a week (always the same day) the volume 

of water stored in each collecting bottle was first 

recorded by a polyethylene measuring cylinder and 

then it was converted in mm of rain taking into 

account the collecting area of the funnel. The mean 

value of the ten collectors was considered as the 

throughfall value of the plot. 

 

2.4 Stemflow measurement 

Stemflow was measured on five trees located within 

the subplot of throughfall measurement (2 stems of 

Quercus ilex, 2 of Arbutus unedo and 1 of Phillyrea 

latifolia). The selection of these trees was a 

compromise among mean basal area of each species 

at the height of 0.3 m above the ground surface, the 

number of stems/ha, the basal area in m2/ha and the 

sufficient dimensions of their trunk to fix and hold 

the equipment for stemflow measurement. 

In each of the five trees a polyethylene tube 12 

mm of internal diameter was split into half and 

wound firmly one spiral around the stem. Stemflow 

was collected into 75 to 200 liters polyethylene 

containers. Measurements were made on a weekly 

basis and always the same day with the throughfall 

measurements. Total stemflow was converted to 

water depth by multiplying the weekly collected 

volume of water with the ratio of total subplot basal 

area over the basal area of the five stems employed 

and dividing the product by the subplot area (858 

m2).  No attempt was made in this study to estimate 

stemflow separately from each tree species because 

they all together constitute the maquis vegetation 

which is investigated in this work. 

 

 

3 Results 

Based on the weekly-collected water samples, 

annual values of gross rainfall, throughfall and 

stemflow were calculated. The annual values of 

gross rainfall, throughfall, stemflow and 

interception losses from January 1996 to December 

2002, are summarized in Table 2. During this period 

gross rainfall was measured for 225 weeks and 

throughfall and stemflow for 208 and 143 weeks 

respectively. 

The seven years study period was actually wetter 

than the 30 year (1973-2003) average conditions of 

the area, as the mean gross rainfall of it was 1,134. 5 

mm. This value was higher than the 31 years 

average value of the area by 133.5 mm (13.3%). It 

ranged from 747.7 to 1.457.5 mm and the 

coefficient of variation was 20.6%. The seven years 

included one very dry (2000) and one very wet 

(1996) year. 

The mean values of throughfall, stemflow and 

interception losses were 61.2%, 6.8% and 32% of 

gross rainfall respectively and ranged from 56.7% to 

66.1%, 6.1%-7.4% and 27.8%-36.5%. The 

coefficients of variation calculated from Table 2 

were 21.1%, 32.9%, and 15.8% respectively. The 

maximum and minimum percentages of these 

hydrological components did not coincide with the 

corresponding values of gross rainfall. This 

“irregularity” could be attributed mainly to different 

characteristics of rainfall events during the study 

period. For example, the maximum value of 

throughfall (66.1%) was generated from 1.264 mm 

of annual rainfall depth (year 2002) and not from 

1.457,6 mm (year 1996). Similarly, the minimum 

value of throughfall (56.7%) resulted from 930 mm 

(year 2001) and not from 747.7 mm (year 2002), as 

it would be expected. 

 

 

4 Discussion 
The mean seven years values of throughfall, 

stemflow and interception losses of our study are 

also presented in Table 3 for comparison and 

discussion with those of other studies carried out in 

the Mediterranean region. From this Table it is clear 

that the references to this vegetation type are limited 

in Mediterranean region, because a number of other 

studies in this region refer only to pure coniferous 

stands (Rapp and Ibrahim, 1978; Loustau et al., 

1992; Viville et al., 1993) or to deciduous 

broadleaved species (Giacomin and Trucchi, 1992). 

The reasons for the small number of studies carried 

out on maquis vegetation may be the difficulties of 

hydrological measurements due to its morphological 

characteristics. 
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Two of the studies of Table 3 refer to mixed 

maquis stands (No 1,2), three to pure holm oak 

stands (No 3,4,5), one (No 6) to open grown shrubs 

and one (No 7) to chaparral vegetation of southern 

California. Among these experiments and taken into 

account that some pieces of information were not 

available to fill completely the mentioned Table, 

there are definitely some differences with regard to 

tree and shrub species of the experimental plots, 

their density, the duration of the measurements, the 

topography and the amount of gross rainfall. These 

differences were expected because this is the 

“nature” of rainfall and the maquis vegetation 

grown in the Mediterranean region during the last 

decades.  

More analytically, the data of Table 3 are 

compared and discussed separately as throughfall, 

stemflow and interception losses.  

Regarding throughfall, Table 3 shows that the 

mean seven years throughfall value (61.2%) of the 

present study is out of the range (66.0% to 76.5%) 

of similar studies carried out in the study area. More 

specifically, this difference is 4.8% smaller than the 

low range and could be attributed to the higher 

canopy density of the maquis vegetation in the 

present study. This is supported by the larger 

number of stems (8,020/ha) and the higher basal 

area (41.4 m²/ha). 

Concerning the tree and shrub species of the six 

(1-6) experimental plots, it could be argued that 

plots 1 and 2 are practically more similar to the 

species of the study in Greece. However, despite 

this similarity, their throughfall values (74.8% and 

76.5%) are among the largest and the corresponding 

gross rainfall among the smallest (570 and 650 mm, 

respectively). This could be attributed probably to 

high intensities of the rain events or to small density 

of the tree’s canopy. 

With regard to throughfall values of plots 3, 4 

and 5, they ranged from 66% to 75.5%, despite the 

fact they were all covered by the same tree species 

(holm oak). Plot 3 (66%) is closer to the Greek plot. 

At this point, it is also emphasized that the 

throughfall value of experiment 6 was similar to the 

previous ones despite the fact that the shrubs 

studied, were open grown. The good agreement of 

this value could be attributed to large dimensions of 

the studied shrub, as its height and canopy diameter 

can reach 4 and 6 m, respectively (Domingo et al., 

1998). 

Finally, the throughfall value of the chaparral 

vegetation in southern California (81%) is 20% 

higher than the corresponding value of our study 

and 4.5% to 15% higher than the values of the 

western Mediterranean region. This difference could 

probably be attributed to different rainfall and 

vegetative characteristics in southern California 

from those in the Mediterranean region. 

From the data comparison, it is evident that the 

annual amount of throughfall of the maquis 

vegetation in the Mediterranean region ranges 

roughly from 60% to 75% of the corresponding 

gross rainfall. This is a large percentage and so an 

important component of the water balance of an 

area. Furthermore, the forest canopy moderates the 

intensities of throughfall in comparison with those 

of gross rainfall during the storm period (Lee, 

1980). More specifically, the canopy causes more 

uniform intensities of throughfall by reducing the 

peaks. This is of great importance for the infiltration 

of water and so the protection of soil from erosion in 

the Mediterranean region where rain mostly falls in 

the form of heavy storms. 

Regarding stemflow, the mean seven year value 

of stemflow of the present study (6.8% of gross 

rainfall) is within the ranges (2.7% to 14.2%) of the 

values of other studies carried out in the western 

Mediterranean region (Table 3). However, further 

consideration reveals that the low and high values of 

this range may have been due to specific 

characteristics of the studied trees or of the rain 

events. In fact, the low value (2.7%) of the 

experiment 4 may be attributed to the rough bark of 

holm oaks as they were of a re-sprout origin after 

coppicing during the decades 1950 and 1960. So the 

age of them ranged from 35 to 45 years (Rodrigo et 

al., 2003). On the other hand, the high value of 

experiment 1 could be attributed to heavy rain 

events. 

Without these “outliers”, stemflow of maquis 

vegetation in the western Mediterranean region 

would range from 5.3% to 8.5% of gross rainfall 

and the value of the present study is much closer to 

this range. The stemflow value of the chaparral of 

southern California also lies in this range despite the 

fact that their throughfall value was much higher 

than the values of the Mediterranean region. 

Considering the previous stemflow values and 

with some reservations due to the limited number of 

such studies carried out on maquis vegetation of the 

Mediterranean regions, it could be argued that this is 

an appreciable hydrologic component for these areas 

which receive a relatively small amount of annual 

rainfall. The mentioned stemflow values of maquis 

take the second order after that of beech in a ranked 

list of broadleaved deciduous and coniferous species 

published by Lee (1980). Furthermore, the quick 

infiltration and deep percolation of a large quantity 

of stemflow into the soil at the primary rooting zone 

at the base of the trees, reduces losses by 
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evaporation and so increases the availability of 

water to streamflow and to the plants in dry 

Mediterranean regions. 

Concerning the interception losses, the values of 

the experiments 0 to 7 of Table 3 were calculated 

from the difference of the sum of throughfall and 

stemflow from gross rainfall. With regard to the 

experiment 3, stemflow was not estimated at all and 

so its interception losses of 34% are overestimated 

by the percentage of stemflow. A reasonable value 

of this percentage could be 4% if the stemflow 

values of holm oaks of experiments 4 and 5 would 

be considered. With this compromise, the 

interception losses of experiments 1 to 7 range from 

11 to 30% of gross rainfall and the generally wide 

range of them could be mainly the result of different 

degrees of human impact to this type of vegetation. 

The 32% value of this component estimated for the 

eastern Mediterranean region was higher than the 

upper limit by 2%. This high value could be 

attributed to the dense canopy of the vegetation. 

The above range of interception losses of the 

Mediterranean maquis almost coincide with that of 

the European broadleaved deciduous species (10-

30%) (Institute of Hydrology 1998) despite the fact 

that they have a leafless period. This “irregularity” 

may show different degrees of human activities on 

the Mediterranean maquis. 

It is also emphasized that the high percentage of 

interception losses by maquis and the limited 

availability of water resources in eastern Greece and 

in other Mediterranean countries (Pinol et al., 1991; 

Vouzaras, 1999), bring up the crucial issue of the 

need for increase of streamflow in watersheds 

covered by maquis by the appropriate manipulation 

of vegetation. Such activities are however very risky 

for the disturbance of the beneficial relationships 

between rainfall and maquis in the dry 

Mediterranean regions and should be decided with 

consideration.  

 

5 Conclusions 
This study showed that the seven years mean values 

of throughfall, stemflow and interception losses of a 

maquis stand in southern – western Greece were 

61.2%, 6.8% and 32% respectively of the 

corresponding mean annual rainfall. Additionally, 

comparison and discussion of these values with 

others found in western Mediterranean region, 

showed that the throughfall and stemflow values of 

this type of vegetation on the wider Mediterranean 

area, ranged from 60% to 75% and from 5.5% to 

8.5% respectively, of the annual gross rainfall. 

Especially the stemflow values of maquis were the 

largest, after beech, among a number of selected 

broadleaved and coniferous tree species, reported in 

literature. The range of interception losses ranged 

from 11% to 32% of gross rainfall. This wide range 

can be attributed to different degrees of canopy 

density of this vegetation type in the Mediterranean 

region. 

 

 

Acknowledgments 
The authors express their appreciation to the Greek 

Ministry of Rural Development and Food and to the 

E.C. of the European Union for covering each 50% 

of the project cost. They also thank Dr P. 

Michopoulos for his comments on an earlier draft of 

this paper. 

 

 

References: 

[1] Andersson T., Influence of stemflow and 

throughfall from common oak (Quercus robur) 

on soil chemistry and vegetation patterns. Can. 

J. For. Res. 21, 1991, pp. 917-924. 

[2] Asdak C., Jarvis P.G., Van Gardingen P. & 

Fraser A., Rainfall interception loss in 

unlogged and logged forest areas of Central 

Kalimantan, Indonesia. Journal of  Hydrology, 

206, 1998, pp. 237-244. 

[3] Avila A. & Rodrigo A., Trace metal fluxes in 

bulk deposition, throughfall and stemflow at 

two evergreen oak stands in NE Spain subject 

to different exposure to the industrial 

environment. Atmos. Environ. 38, 2004, 

pp.171-180. 

[4] Baloutsos G., Bourletsikas A. & Kaoukis K., 

Interception, throughfall and stemflow under 

conditions of fog precipitation formation in a 

beech stand of northeastern Ossa mountain 

(Larisa, Greece). Forest Res. (In Greek) 17, 

2004, pp. 55-72. 

[5] Bellot J. & Escarre A., Chemical characteristics 

and temporal variations of nutrients in 

throughfall and stemflow of three species in 

Meditarranean holm oak forest. Forest Ecol. 

Manag. 41, 1991, pp.125-135.  

[6] Brown J.H. Jr & Barker A.C. Jr, An analysis of 

Throughfall and Stemflow in Mixed Oak 

Stand. Water Resources Res. 6, 1970, pp.316-

323. 

[7] Calder I.R., The measurement of water losses 

from a forested area using a “natural” 

lysimeter. J.  Hydrol. 30, 1976, pp. 311-325. 

[8] Chang S.C. & Matzner E., The effect of beech 

stemflow on spatial patterns of soil solution 

chemistry and seepage fluxes in a mixed 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
George Baloutsos, Athanassios Bourletsikas, 
Evangelos Baltas

ISSN: 1790-5079 25 Issue 1, Volume 6, January 2010



beech/oak stand. Hydrol. Process. 14, 2000, pp. 

135-144. 

[9] Crozier C.R. & Boerner R.E.J., Correlations of 

understory herb distribution patterns with 

microhabitats under different tree species in a 

mixed mesophytic forest. Oecologia 62, 1984, 

pp.337-343. 

[10] Domingo F., Puigdefabregas J., Moro, M.J. & 

Bellot, J., Role of vegetation coer in the 

biogeochemical balances of a small afforested 

catchment in southeastern Spain. J. Hydrol. 

159, 1994, pp. 275-289. 

[11] Domingo F., Sanchez G., Moro M.J., Brenner 

A.J. & Puigdefabregas J., Measurement and 

modelling of rainfall interception by three 

semi-arid canopies. Agr. Forest Meteorol. 91, 

1998, pp. 275-292. 

[12] Durocher M.G., Monitoring spatial variability 

of forest interception. Hydrol. Process. 4, 1990, 

pp. 215-229. 

[13] FAO – Unesco, Soil map of the World. FAO – 

Unesco, Rome, Italy, 1988. 

[14] Fleischbein K., Wilcke W., Goller R., Boy J., 

Valarezo C., Zech, W. & Knoblish K., Rainfall 

interception in a lower montane forest in 

Ecuador: effects of canopy properties. Hydrol. 

Process. 19, 2005, pp.1355 – 1371. 

[15] Gash J.H.C., Wright I.R. & Lloyd C.R.. 

Comparative estimates sparse forest rainfall 

interception loss from three coniferous in Great 

Britain. J. Hydrol. 48, 1980, pp.89-105. 

[16] Giacomin A. & Trucchi P., Rainfall 

interception in a beech coppice (Acquerino, 

Italy). J. Hydrol. 137, 1992, pp. 141-147. 

[17] Haworth K. & McPherson G.R., Effects of 

Quercus emoryi trees on precipitation 

distribution and microclimate in a semiarid 

savanna. J. Arid Environ. 31, 1995, pp.153-

170. 

[18] Herwitz S.R. Buttresses of tropical rainforest 

trees influence hillslope processes. Earth Surf. 

Proc. Land. 13, 1988, pp. 563-567. 

[19] Herwitz, S.R., Interception storage capacities of 

tropical rainforest canopy trees. J. Hydrol. 77, 

1985, pp. 237-252. 

[20] Hörmann G., Branding A., Clemen T., Herbst 

M., Hintichs A & Thamm F., Calculation and 

simulation of wind controlled canopy 

interception of a beech forest in Northern 

Germany. Agr. Forest Meteorol. 79, 1996, pp. 

131-148. 

[21] ICP-Forests, International Co-operative 

Programme on Assessment and Monitoring of 

Air Pollution Effects on Forests: Manual on 

methods and criteria for harmonized sampling, 

assessment, monitoring and analysis of the 

effects of air pollution on forests. Programme 

Coordinating Centres (eds), Hamburg, 

Prague,1994. 

[22] Institute of Hydrology (UK) Broadleaf 

woodlands: The implications for water quantity 

and quality. Report to the Environmental 

Agency. Environmental Agency Research and 

Development Publication No 5, Stationary 

Office, London, 1998. 

[23] Johnson, R.C., The interception, throughfall 

and stemflow in a forest in highland Scotland 

and the comparison with other upland forests in 

the UK. J. Hydrol. 118, 1990, pp.281-287. 

[24] Lee R.., Forest Hydrology. Columbia 

University Press, New York; 349, 1980. 

[25] Lloyd C.R. & de Marques O.F.A., Spatial 

variability of throughfall and stemflow 

measurements in Amazonian rainforest. Agr. 

Forest Meteor. 42, 1988, 63-73. 

[26] Loustau D., Berbigier P., Granier A., & 

Moussa Hadji El, F. Interception loss, 

throughfall and stemflow in a maritime pine 

stand. I. Variability of throughfall and 

stemflow beneath the pine canopy. J. Hydrol. 

138, 1992, pp.449-467.  

[27] Michopoulos P., Baloutsos G., Nakos G. & 

Economou A., Effects of bulk precipitation pH 

and growth period on cation enrichment in 

precipitation beneath the canopy of a beech 

(Fagus moesiaca) forest stand. Sci. Total 

Environ. 281, 2001, pp. 79-85. 

[28] Neave M. & Abrahams A.D. Vegetation 

influences on water yields from grassland and 

shrubland ecosystems in the Chihuahuan 

Desert. Earth Surf. Proc. Land.  27, 2002, 

pp.1011-1020. 

[29] Newson M., Land, water and development – 

River basin systems and their sustainable 

management. Department of Geography, 

University of Lancaster, U.K. pp. 351., 1992. 

[30] Nikolaidis M. & Papoulias I, Interception loss 

in pinus and quercus coccifera. Forest Res. (in 

Greek) II(3), 1981, pp. 395-405. 

[31] Papoulias I. & Nikolaidis M., The water 

holding and water consumption in the 

broadleaved oak tree. The Forest (in Greek) 86, 

1979, pp. 26-40. 

[32] Pinol J., Lledό M.J. & Escarre A., Hydrological 

balance of two Mediterranean forested 

catchments (Prades, northwest Spain). 

Hydrolog. Sci. J.  36, 1991, pp. 95-107. 

[33] Pypker T.G., Bond B.J., Link T.E., Marks D. & 

Unsworth M.H., The importance of canopy 

structure in controlling the interception loss of 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
George Baloutsos, Athanassios Bourletsikas, 
Evangelos Baltas

ISSN: 1790-5079 26 Issue 1, Volume 6, January 2010



rainfall: Examples from a young and an old-

growth Douglas-fir forest. Agr. Forest 

Meteorol. 130, 2005, pp.113-129. 

[34] Rapp M. & Ibrahim M., Egouttement, 

écoulement et interception des précipitations 

par un peuplement de Pinus pinea L. Oecolog. 

Plantar. 13(4), 1978, pp.321-330. 

[35] Roda F., Avila A. & Bonilla D., Precipitation, 

throughfall, soil solution and streamwater 

chemistry in a holm oak (Quercus ilex) forest. 

J. Hydrol. 116, 1990, pp. 167-183. 

[36] Rodrigo A., Avila A. & Roda F., The chemistry 

of precipitation, throughfall and stemflow in 

two holm oak (Quercus ilex L.) forests under o 

contrasted pollution environment in NE Spain. 

Sci. Total Environ. 305, 2003, pp.195-205. 

[37] Schiller G., Ungar E.D. & Cohen Y., 

Estimating the water use of a sclerophyllous 

species under an East-Mediterranean climate: I. 

Response of transpiration of Phillyrea latifolia 

L. to site factors. Forest Ecol. Manag. 170, 

2002, pp.117-126.  

[38] Soulsby C., Hydrochemical processes. In: 

Contemporary Hydrology, Wilby R.L. 

(Ed.).Wiley, Chichester; 59-106, 1997. 

[39] Stökli H., Influence of stemflow upon the 

decomposing system in two beech stands. Rev. 

écol. biol. sol 28(3), 1991, pp.265-286. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[40] Toba T. & Ohta T., An observational study of 

the factors that influence interception loss in 

boreal and temperate forests. J. Hydrol. 313, 

2005, pp. 208-220. 

[41] Tobón Marin C., Bouten W. & Sevink J., Gross 

rainfall and its partitioning into throughfall, 

stemflow and evaporation of intercepted water 

in four forest ecosystems in western Amazonia. 

J. Hydrol. 237, 2000, pp. 40-57. 

[42] Viville, D., Biron P., Granier A., Dambrine E. 

& Probst A. Interception in a mountains 

declining spruce stand in Strengbach catchment 

(Vosges, France). J. Hydrol. 144, 1993, pp. 

273-282. 

[43] Vouzaras A., A forest treatment applied to 

mature evergreen sclerophyllous forests of 

western Greece increases water yield and 

serves multiple purposes. Proceedings of the 

International Occasional Symposium of the 

European Grassland Federation held in 

Thessaloniki, Greece, on May 27-29 1999, 4: 

317-322. 

[44] Ward R.C. & Robinson M., 2000. Principles of 

Hydrology. McGraw-Hill Publishing Company; 

450. 

 

 

 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
George Baloutsos, Athanassios Bourletsikas, 
Evangelos Baltas

ISSN: 1790-5079 27 Issue 1, Volume 6, January 2010



Table 1. Characteristics of the tree species 

Serial 

number 
Tree species 

No of stems 

per ha * 

Percentage 

of stems 

Basal area / ha 

      m
2
      % 

1 Phillyrea latifolia 3,803 47.4 10.3 24.9 

2 Arbutus unedo 3,447 43.0 21.6 52.2 

3 Quercus ilex 343 4.3 8.3 20.0 

4 Erica arborea 367 4.6 0.6 1.5 

5 Other species 60 0.7 0.6 1.4 

 Total 8,020 100.0 41.4 100.0 

• D0.3m ≥ 2.5 cm: Only stems having a diameter (D) larger than 2.5 cm at the height of 0.3 m were measured 
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Table 2. Partitioning of annual gross rainfall into throughfall, stemflow and interception losses 

Year 

Number of 

weeks with 

rainfall 

Total gross 

rainfall 

(mm) 

Throughfall Stemflow Interception losses 

mm % mm % mm % 

1996 33 1,457.5 928.3 63.7 108.5 7.4 420.7 28.9 

1997 28 1,156.0 723.2 62.6 83.0 7.2 349.8 30.3 

1998 32 1,132.2 689.7 60.9 79.0 7.0 363.5 32.1 

1999 34 1,253.5 728.8 58.1 82.8 6.6 441.9 35.3 

2000 31 747.7 449.3 60.1 48.3 6.5 250.1 33.4 

2001 29 930.6 527.4 56.7 63.7 6.9 339.4 36.5 

2002 38 1,264.0 835.4 66.1 76.6 6.1 352.0 27.8 

Mean 

values 
32 (Σ=225) 1,134.5 697.4 61.2 77.4 6.8 359.6 32.0 

Std Dev.  233.4 147.1 3.2 25.5 0.5 56.8 3.2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
George Baloutsos, Athanassios Bourletsikas, 
Evangelos Baltas

ISSN: 1790-5079 29 Issue 1, Volume 6, January 2010



T
a
b
le
 3
. 

C
o
m

p
ar

is
o

n
 o

f 
th

ro
u

g
h

fa
ll

 (
T

),
 s

te
m

fl
o

w
 (

S
) 

an
d

 i
n
te

rc
ep

ti
o

n
 l

o
ss

es
 (

I)
 o

f 
re

fe
re

n
ce

 0
 (

ea
st

er
n

 M
ed

it
er

an
n

ea
n

) 
w

it
h

 t
h

o
se

 s
el

ec
te

d
 

fr
o

m
 w

es
te

rn
 M

ed
it

er
ra

n
ea

n
 r

eg
io

n
 a

n
d

 s
o

u
th

er
n

 C
al

if
o

rn
ia

 (
1

-7
) 

E
x
p

er
im

e
n
t 

  
  

 

n
o

. 
R

ef
er

e
n
ce

 
C

o
u

n
tr

y
 

L
o

ca
ti

o
n
: 

 

L
o

n
g
it

u
d

e 
  

 

L
at

it
u
d

e
 

A
lt

it
u
d

e 
(m

) 
M

ai
n
 p

la
n
t 

sp
ec

ie
s 

S
ta

n
d

 

d
en

si
ty

 

(t
re

es
/h

a)
 

B
as

al
 a

re
a 

(m
2

/h
a)

 

S
tu

d
y
 

p
er

io
d
 

(m
o

n
th

s)
 

G
ro

ss
 

ra
in

fa
ll

 

(m
m

) 

T
 (

%
) 

S
 (

%
) 

I 
(%

) 

0
 

B
al

o
u
ts

o
s 

an
d

 

B
o

u
rl

et
si

k
a
s 

2
0

0
6
 

G
re

ec
e 

S
W

 G
re

ec
e 

3
8

0
  

5
1

'  
 N

 

2
1

0
  

1
8

'  
 E

 

3
6

0
 

P
h
il

ly
re

a 
la

ti
fo

li
a
 

A
rb

u
tu

s 
u

n
ed

o
 

Q
u
er

cu
s 

il
ex

 

E
ri

ca
 a

rb
u
re

a 
8

,0
2

0
 

4
1

.4
 

8
4
 

1
,1

3
5
 

6
1

.2
 

6
.8

 
3

2
 

1
 

B
el

lo
t 

an
d

 

E
sc

ar
re

 1
9

9
1
 

S
p

ai
n

 
S

E
 S

p
ai

n
 

6
8

0
 

to
 

1
,0

0
7
 

Q
u
er

cu
s 

il
ex

 

A
rb

u
tu

s 
u

n
ed

o
 

P
h
il

ly
re

a 
la

ti
fo

li
a
 

4
,5

7
6
 

3
8

.4
5
 

3
6
 

5
7

0
 

7
4

.8
 

1
4

.2
 

1
1
 

2
 

D
o

m
in

g
o

 e
t 

al
.,

 

1
9

9
4
 

S
p

ai
n

 
S

. 
S

p
ai

n
 

1
,5

6
0
 

to
 

1
,7

4
0
 

P
in

u
s 

p
in

as
te

r 

P
in

u
s 

n
ig

ra
 

A
d

e
n
o

ca
p

ru
s 

sp
. 

C
is

tu
s 

la
u
ri

fo
li

u
s  

_
 

_
 

1
2
 

6
5

0
 

7
6

.5
 

8
.5

 
1

5
.0

 

3
 

R
o

d
a 

et
 a

l.
, 

1
9
9

0
 

S
p

ai
n

 
4

1
0

  
4

6
'  

 N
 

0
2

0
  
2

1
'  

 E
 

7
3

1
 

Q
u
er

q
u
s 

il
ex

 
2

,0
1

0
 

2
6

.6
 

2
4

.5
 

8
5

7
 

6
6
 

_
 

3
4

 –
 S

 

4
  

*
 

1
. 

R
o

d
ri

g
o

 e
t 

al
.,

 

2
0

0
3
 

S
p

ai
n

 

S
it

e 
1

 :
 

4
1

0
  
4

6
'  

 N
 

0
2

0
  
2

1
'  

E
 

7
3

1
 

Q
u
er

q
u
s 

il
ex

 
2

,1
2

7
 

2
6

.5
 

1
7
 

(o
n
ly

 

G
ro

ss
+

T
) 

 

1
2
 

(o
n
ly

 S
) 

1
,2

7
5
 

7
5

.5
 

2
.7

 
2

1
.8

 

5
  

*
 

2
. 

A
v
il

a 
an

d
 

R
o

d
ri

g
o

, 
2

0
0

4
 

S
p

ai
n

 

S
it

e 
2

 :
  

  
  

  
  
  

  
  

4
1

0
  
4

3
'  

 N
  

 

0
2

0
  
2

3
'  

E
 

5
3

5
 

Q
u
er

q
u
s 

il
ex

 
1

,7
5

3
 

2
2

.3
 

1
,0

4
8
 

7
2

.1
 

5
.3

 
2

2
.6

 

6
 

D
o

m
in

g
o

 e
t 

al
.,

 

1
9

9
8
 

S
p

ai
n

 
3

7
0

  
0

8
'  

 N
 

0
2

0
  
2

2
'  

W
 

6
3

0
 

R
et

an
a 

sp
h
er

o
ca

rp
a 

O
p

en
 g

ro
w

n
 s

h
ru

b
 

5
.5

 
8

5
.3

 *
*
 

7
2
 

7
 

2
1
 

7
 

H
a
m

il
to

n
 a

n
d

 

R
o

w
e 

1
9

4
9

 

S
o

u
th

 

C
al

if
o

rn
ia

 

S
an

 D
im

as
 

ar
ea

 
 

Q
u
er

cu
s 

d
u

m
o

sa
 

C
ea

n
o

th
u

s 
sp

. 

C
er

co
ca

rp
u
s 

b
er

u
lo

id
es

 

1
6

,0
0
0
 

(D
ia

m
et

er
 

1
.3

-8
.9

 c
m

) 

C
ro

w
n
 

d
en

si
ty

 

7
5

%
 

3
6
 

9
5

3
 

8
1
 

8
 

1
1
 

*
 B

o
th

 a
u
th

o
rs

 u
se

d
 t

h
e 

h
y
d

ro
lo

g
ic

al
 c

o
m

p
o

n
e
n
ts

 o
f 

S
it

e
s 

1
 a

n
d

 2
. 

*
*
 T

o
ta

l 
ra

in
fa

ll
 o

f 
se

v
en

 e
v
e
n

ts
. 

 

WSEAS TRANSACTIONS on ENVIRONMENT and DEVELOPMENT
George Baloutsos, Athanassios Bourletsikas, 
Evangelos Baltas

ISSN: 1790-5079 30 Issue 1, Volume 6, January 2010



Figure Captions 

Figure 1. Location of the research site in Greece. 
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