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 Research on the forest hydrology will help our understanding in the functions of forest 

ecosystems. Forest canopy is the first interface factor when gross rainfall (GR) goes 

into forest, and directly influences the process of water cycle. No research has been 

reported, to our knowledge, concerning the stand-based measurement of rainfall 

interception (I) for Fraxinus rotundifolia plantations in Iran. The aim of this research 
was then to gain a better understanding of the I processes in a semi arid climate zone. 

The study was conducted in a nearly closed canopy, forty two-year-old pure and even-

aged F. rotundifolia afforestation located in the Chitgar Forest Park of Tehran, Iran. 
Cumulative GR for 22 rainfall events was 91.5 mm. Cumulative I during the 

measurement period for F.rotundifolia were 16.1% corresponding to the mean net 

rainfall loss of 14.7 mm. F.rotundifolia in leaf (LP), and leafless periods (LLP) 
intercepted 21.1%, and 8.8% of GR, respectively. On the event-based (each GR), 

average I:GR in F.rotundifolia within LP, and LLP periods were 24.6%, and 9.7%, 

respectively. Negative logarithmic correlations were observed for LP (R2 = 0.62), and 
LLP periods (R2 = 0.19). The result of this research demonstrates I an important 

component of the GR that reduces the amount of water that reaches the forest floor.  
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INTRODUCTION 
 

 Afforestation, in a semi arid climate, can increase the carbon sequestration capacity and combat 

desertification [23], reduce soil erosion and air pollution, as well as reduce surface runoff [45,49,3]. Trees have 

a strong impact on the water storage, retention of water and groundwater recharge in forest ecosystems 

[17,7,47]. Research on the forest hydrology will help our understanding in the functions of forest ecosystems. 

Forest canopy is the first interface factor when gross rainfall (GR) goes into forest, and directly influences the 

process of water cycle. For example, Chang [13] indicated that afforestaiton changes the patterns of water 

storage and use. An experimental study in Ohio showed that 22% of canopy covers reduced runoff by 7%. An 

extra increase over that amount in canopy cover of only 7% reduced runoff by 12% [37].  

 Partitioning of GR into: 1. Throughfall (TF): that which may or may not contact the canopy/crown and 

which falls to the ground between the various components of the vegetation, 2. Stemflow (SF): the amount of 

water flowing to the ground via trunks/stems and 3. Interception loss (I): that which remains on the canopy and 

is evaporated during or subsequent to rainfall, after it reaches canopies, constituting the first interaction between 

water cycle and trees [14]. 

 I is the fraction of the incident rainfall that does not reach the forest floor [41]. I is generally measured 

above the canopy or in an adjacent open area, and the sum of TF and SF sampled simultaneously on the forest 

ground [1]. I has notable influence on the water budget of forest ecosystems as demonstrated by various 

research [40,50,44,20,6,7,38]. 

 Literature reviews reported a wide range of values for I, and TF. I was commonly from 20% to 40% in 

needle-leaved, and from 10% to 20% in broad-leaved tree species [14,30]. Therefore, measuring the magnitude 

of I is crucial in a semi arid and arid regions where soil moisture is a limiting factor affecting vegetation growth 

and productivity [10]. 

 In most cases, net rainfall (NR) under a vegetated canopy is less than GR in unobstructed area [5]. The 

volume of I during each event depends on the rain properties (e.g. intensity, duration, direction, angle, and 
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raindrop size distribution), wind speed and direction, air temperature, humidity, tree age, crown architecture, 

leaf area index (LAI), leaf shape and size and branch angle [42,14,48,26,9,11]. 

 To find out the effects of native species plantations on the local hydrology and in particular, rainfall, inter-

specific differences in eco-hydrological roles of afforestations including differences in the interception, storage 

and subsequent evaporation of rainfall is fundamental [12]. 

 No research has been reported, to our knowledge, concerning the stand-based measurement of I for 

Fraxinus rotundifolia plantations in Iran. The aim of this research was then to gain a better understanding of the 

I processes by a F.rotundifolia afforestation in a semi arid climate zone. 

 

MATERIALS AND METHODS 

Site Description: 

 The study was conducted in a nearly closed canopy, forty two-year-old pure and even-aged F. rotundifolia 

afforestation located in the Chitgar Forest Park of Tehran, Iran. TF measurements were made in a 500 m
2
 plot 

(35˚10´ N, 51˚10´ E, and 1269 m asl). Mean tree height and diameter at breast height (dbh) were 6.4 m and 16.5 

cm, respectively. Measurements were performed in 2012, from September to December.  

 According to the data recorded by Chitgar Meteorological Station (35
°
 44´ N, 51

°
 10´ E, and 1305 M a.s.l), 

from 1996-2012, mean annual precipitation is 269 mm (SE ± 21.4 mm). The wettest and driest months are 

March (45.4 mm; SE ± 10.7 mm) and August (0.9 mm; SE:±0.4 mm), respectively. The dry period begins in 

May and ends in October. The wet period, extends from November to April, and historically accounts 88% of 

the total annual precipitation. The mean annual temperature is 17.1˚C (SE ± 0.2
°
C). August is the warmest 

month with average temperature of 29.3
°
C (SE ± 0.3

°
C) and January is the coldest month (3.8

°
C; SE ± 0.8

°
C).  

 

Field Measurements: 

Gross rainfall (GR): 

 GR was measured by 10 manual plastic rain-gauges that were 9 cm in diameter. The 10 rain-gauges were 

placed in a neighbouring open area that was 100 m from the F. rotundifolia stand. The quantity of water 

collected in the collectors was measured manually using a graduated cylinder (accuracy: 1 ml). After a rain 

event, rainwater was measured 2 hour following an event if the event occurred during daylight or at sunrise if 

the event occurred at night time [11]. The average from the 10 rainfall rain-gauges was used to calculate GR.  

 

Throughfall (TF) and stemflow (SF): 

 TF was measured using 50 manual rain-gauges of the same type as the rain-gauges used to quantify GR. TF 

collectors were randomly placed underneath the forest canopy within the study plot. TF volume was measured at 

the same time GR was measured. The literature review shows that SF has a low proportion of GR and, therefore, 

the SF measurement was ignored in this research [25,21,28,32,33]. 

 

Data analysis: 

 Throughout the study, the rainfall events were initially divided into two canopy development stages: in leaf 

period (LP) (1 September-20 November) and leafless period (LLP) (November 21-30 December). The 

distinction was regularly made (at least weekly) by checking the phenology of the trees in study [18].  

 

Results: 

Gross rainfall (GR): 

 During the study period, 22 rainfall events were recorded (cumulative GR: 91.5 mm), with 16 events during 

the LP (total = 54.1 mm) and 6 events during the LLP (total = 37.4 mm). Rainfall ranged from 0.8 to 9.2 mm 

during the LP and from 1.2 to 12.3 mm during the LLP. GR averaged (± standard error) 3.4 mm (± 0.6 mm) 

during the LP and 6.2 mm (± 1.9 mm) during the LLP. 

 The rainfall events were categorized into two classes (GR < 3.5 mm and GR ≥ 3.5 mm), both for a better 

explaining of the relationship between GR and I (Table 1).  

 

Throughfall (TF): 

 The mean TF:GR values in the mentioned classes of the LP were 71.2%, 90.3% against 89% and 91.7% for 

LLP (Table 1). Average cumulative TF (±SE) was recorded 42.7 mm (± 0.6), or 78.9% of cumulative GR, vs. 

34.1 mm (± 1.9 mm), or 91.2% of cumulative GR, during the LP and LLP, respectively. 

 

Rainfall interception loss (I): 

 Over the study period, I was 14.7 mm or 16.1% of the cumulative GR. During the measurement period, I for 

the LP and LLP were 21.1% (cumulative: 11.4 mm), and 8.8% (cumulative: 3.3 mm), respectively (Fig 1).  
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Table 1: Cumulative gross rainfall (GR) depth, the percent of average relative throughfall (TF:GR) standard error, (SE) divided into 2 GR 

classes for rainfall events during in the leaf period (LP) and leafless period (LLP).  

 In leaf period (LP) Leafless period (LLP) 

GR class (mm)  Frequency GR (mm) TF:GR** 

(%) 

SE 

(%) 

 Frequency GR (mm) TF:GR** 

(%) 

SE 

(%) 

<3.5  10 19.1 71.2 2.5  3 6.9 89 0.8 

3.5≥  6 35 90.3 0.9  3 30.5 91.7 0.8 

Cumulative  16 54.1    6 37.4   

Average (±SE)   3.4 (± 0.6) 78.3 (± 

2.9) 

  6.2  (± 1.9) 6.2 (± 1.9) 90.3 (± 

0.9) 

 

** Event based average of each class. 

 

 
Fig. 1: Accumulated gross rainfall (GR) and interception (I) by Farxinus rotundifolia during the measurement 

period (2012, September – December) in leaf (LP) and leafless period (LLP). 

 

 The mean event based I:GR value was found to be 20.5% (SE ± 2.1%), with I being equal to 24.6% (SE ± 

2.2%) during the LP vs. 9.7% (SE ± 0.9) during the LLP. I:GR ranged from 13.8% of GR (3.6 mm) for larger 

rainfall events to 44.4% of GR (0.9 mm) for smaller rainfall events during the LP. During the LLP, I:GR ranged 

from 6.8% of GR (11.7 mm) to 13% of GR (2.3 mm) larger and smaller rainfall events, respectively. Both in LP 

and LLP the relative I decreased as GR increased (Fig 2).  

 

 
Fig. 2: Regression analysis between the percentage of relative interception loss (I:GR) and gross rainfall (GR) 

for Fraxinus rotundifolia stand in “In leaf period” (LP) and “leafless period” (LLP). The regression 

equation are I:GR= - 9.24 Ln (GR) + 33.62
 
with correlation coefficient = 0.62, and I:GR = -1.08 Ln (GR) 

+ 11.33 with correlation coefficient = 0.19, respectively. Open triangles and filled circles denote rainfall 

events in the LLP and LP, respectively. 

 

 Relative interception  (I:GR)% and GR showed negative logarithmic relationships both in the LP (I:GR = - 

9.24 Ln (GR) + 33.62; R
2 
= 0.62), and LLP (I:GR= - 1.08 Ln (GR) + 11.33; R

2 
= 0.19). 
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Discussion: 

 The study occurred in a forty-two year-old F.rotundifolia plantation during a 4-month period in a semi arid 

climate zone of Iran. The mean event based I:GR value was found to be 20.5%, with I being equal to 24.6% 

(SE±2.2%) during the LP vs. 9.7% during the LLP. Average values of I:GR measured in the current research 

were slightly different in compare to the values reported by other researchers. In Maryland, I:GR was equal to 

5.8% in a mixed deciduous forest during the LLP [27]. In Italy, the values of the I:GR in the LLP were found to 

be 24.8% [22]. For a European beech forest in southern England, Neal et al. [36] reported the value of the I:GR 

was 16%.  

 Redistribution of GR into TF, and I in forest ecosystems relates to incident rainfall characteristics (amount, 

intensity, duration, and temporal event distribution), meteorological condition (air temperature, relative 

humidity, wind speed, and direction), and forest structure (species composition, stand age, stand density, and 

canopy morphology and architecture) as reported by numerous researchers [34,48,24,19,46,16,43,1]. It is most 

likely that differences among the magnitudes of I:GR reported in this research and those found for other forests 

were the result of differences in the above mentioned factors. 

 Our result showed the GR amount has major impact on rainfall partitioning into TF, and I in the 

F.rotundifolia plantations. The higher the GR, the greater the TF amounts, as well as the TF:GR ratio as reported 

by many authors [34,31,43,1]. During the study period, I increased as the size of GR events increased; however, 

as expected, higher I:GR values were obtained for the smaller GR events [39,34,48,19,1,2]. 

 

Conclusion: 

 The present study shows the interception loss contributes a significant amount of incident rainfalls in 

F.rotundifolia afforestation. During the study period, 22 rainfall events were recorded (cumulative GR: 91.5 

mm), with 16 events during the LP (total= 54.1 mm) and 6 events during the LLP (total= 37.4 mm). I was found 

to be 16.1% of cumulative GR, 21.1%, and 8.8% for LP, and LLP respectively. The mean event based I:GR 

value was 20.5%, with I being equal to 24.6% during LP against 9.7% during LLP. The LP and LLP controlled 

the water input beneath the F.rotundifolia stand during the growing and non-growing seasons. It was concluded 

that rainfall redistribution into TF, and I was strongly affected by the size of rainfall event. The result of this 

research demonstrates I an important component of the GR that reduces the amount of water that reaches the 

forest floor.  

  I from afforestations in Iran is remarkable and consequently needs to be considered in the outlook of water 

balance studies as well as in the selection of tree species for afforestation in semiarid climate zones. Future 

study is necessary to quantify the full hydrological (i.e., transpiration and I) effect of these afforestations.  
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