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Figure 2. The relationship between throughfall (7y) and gross rainfall (Py) for rainfall events size

greater than the estimated canopy saturation point (>2.07 mm; R line; filled circle), or smaller than the
estimated canopy saturation point (< 2.07 mm; R; line; open circle). R denotes the correlation

coefficient.
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Figure 3. The relationship between stemflow (Sy) and gross rainfall (Pg) for 112 rain storms during the
study period. R denotes the correlation coefficient.
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Table 1. The mean, standard error, CV, maximum, and minimum of funneling ratio coefficient
according to the rainfall classes during 31 rain storms with cumulative amount of 38.66 mm

Gragdhes) ool anb

izl S A
Funneling ratio coefficient

Rainfall class (mm) ool Slers oLzl i oS
Mean Standard error Maximum Minimum

Small (2.51-5.00) 7.37 +3.26 14.61 1.66

Middle (5.01-7.50) 8.59 +1.69 13.57 1.42

Large (7.51-10.00) 5.79 +1.45 9.25 2.28

Very large (> 10.00) 10.50 +1.59 19.56 0.78

Mean 8.54 +0.94 19.56 0.78

(Y Jsd=) Ll

RMSE oy (+/YAN) Ry pslie olul

Laly e (CVYAL) AIC 5 (Aoys VATY)

(F) (i S o 5 Gridon P OLL Sl (ot 8 5 ot G50 S5 iy, =Y s
Table 2. Linear and non-linear regression types between gross rainfall (P,, mm) and funneling ratio

coefficient (F)
Dy S5 8 55 dsles
QMJS. < : _ R RMSE (%) AIC p-value
Regression type Equation
Linear F=0437P; +4.273 0.110 106.19 57.33 0.680
Binomial” F =0.125P2 - 2.360P, + 17.225 0.296 18.32 -13.84 0.626
Power F = 2.405P,4! 0.041 256.25 147.15 0.723
Exponential F = 3.877eM054F¢ 0.061 187.19 106.22 0.710
Logarithmic F =3.502Ln(P,) + 0.903 0.075 136.14 21.18 0.679

s (6, Seslll b Js 1S o ks aasiie ol
53 dasiie ol e 1 v gie Olg e SIS OLL
ma adlaie ol bl b a5 LI, s 655 e
fate e S 55 e bl sl cos
5 OLL @l s 3550 gadas el 81550
Sl bzl O S o b Al i
.Muzylo et al., 2009)
s 2oLl b SR (g onl o
DAY s 53 aS Ak s sl T Ol 2 B

Sl OLS s s law s ol )18 /EY ©

AR}

b Ol S b b s 5, 5e 53 e g
VAL Y Rl S S ess s il
b (Zinke, 1967) aase 0L |, e lo
“J RS hanis e Rzl ol SIS
5 Bl (lgl 4 SHL glal mos ss
Pypker et ) ol K (glapitomn ST 53 2L500L
L beobl 5o 0l @8 3 5 5 5 (al., 2005
«(Sadeghi er al., 2015b) 555 0 o> oS ke
ol e il se 0yl sty S s a

«S | 5 «((Dunkerley, 2000) s el asie



ol g8 callcws JKz j0 iz )0 zU g a5 SG5e0g,0.05 | slodasin o)ﬁTﬁ

R U S PR TP RGN R T AP
(Sadeghi et al., 2017) > 35 o sl SBL

Cewdas VWV Ol CS ol s bl o 0
o3 Gl b e (tass ol mls &S L]
L3 ol 53 S a5 S Ko 53 OIS ey
s baw g el 58 slael duls S 15 ol
o Bl cops LBl s 018 s
Gash ) +/Y4 U (Gash and Morton, 1978) +/+\1
0355 @S| axp el ooy @ (et al., 1980
Wl el izl el s (O s slas)
Sadeghi et al., ) 55 Jals i oo pl s
L losys S SOL L3 wsp 2050 835 2017
Voo sod JLSKa s slaws 5 Lo ys e ozl
Sl a8 oy e sl ol by (el LS s alol
AL VL R cnl s QB o 2

zS ok (P76) ws ol gLl ihi i
HL L plae &8 03 505 e e YNY OLg
s Sasism slflr oo sli S ol
ek N o 1) dasie ol i S Cl
Gash et ) Se e VAL (Ghimire et al., 2012)
ol fpio whai cpl Kles S a4, (al, 1995
st s s e L ) S s el (LIS
Sl sl 51 56S aoll s & el
DMie Adl 5t 038 oS15 ax e sl e W
ol plal bl 4w ol IS b
(Sadeghi et al., 2017) 555 o 5555

Sy il S s oSSl
ool () Jads) del Cewsw AOE Ol s
Gl S bl Eng b A S s I
St s ek (5, eIl CBLe Hlids oS das e OLES
glad 5 el (g Seslul 0L Jlde Lol il

23 e u;';)LfCL: - 2 .(Pypker et al., 2005)
GOV VP U W TG IS T VS LS LY
—zb w2 e Ook bl 36k e
ol olie 5l ABT i, s K S 4 i
35S o Sitans 5 St bla 3
el 53185 5 Ol ShEal e Jale S
ol 3l Aol Clasl 350 53 ABT
loles Cbsl 5 ey sduo Sl (S8
A 3 035 s 03 SS) ol R b
L

(S Ol L 0L Sld a4 s o
laslasty 55« Lo0bL Sldie sauSU =S dasia
Licata et al., ) J‘de“ Sleda YU jlaas L oolL
23 wasie ol A8 5t &S (2011
5 3b5 sl OF lade &8 ol UL 51 slaslas
Pypker ) ol &ode SY b ol ool Ol o es
5,50 > et al., 2005; Sadeghi et al., 2015b
Sk ol ss OLL Cud 4 s e
Sbaasie Jla oaSd xS ol slaaasis
Sl s kb e SHOL Sl g 5 ol
S b B N Gl S el
boly Saals S iarb O S
(ol Sitrl Sl

g8 O &5 Ol S e bl
e s el sy e ke VLl O
oo S e O 3 |y aasiie ol i
+/V¢ U (Gash and Morton, 1978) e Jwe +/+V¢
b b Las o oL (Gash et al., 1980) Eape
G s 53 8 das e 0L 4T O (IS
3 SO s Sy B D eg s s

L of alsdS s ol s a5 LUls (kb



Voosleds F ale (JKo dxwgi g (idgh oS — sode dulilad

o Gulgme Al Y Jod s sddall G S
L gl JSSGaS s e 5 OLL Sl
S OLL e 65 il bl Ol e sl 0L
S e M s Sl WS e 2l
ol S seon Sl s ML gl SO
A woptm stk o0 el oY gl
Sy g dlie Hlde (S5 )\.lfjﬂ J.n\j,o
s e gles QL Cus asls) JJ,S DA el
S b b LG Sle nlsl LGl e e
0 oSS a5 O (M e b el o
Ak e 5 5 Bl ol gl 5l an
Oty &3 Gyma el Gk 5l OLL »
S ogd o Fohn Sl s D 53 5 el
Ll des 5 OIS rasn s laatl b senes
Sl Gdpr b JSE S e b 0Ll Ll
.(Levia et al., 2010)
A by S Sl Candy o
AN G L s Sistaes 5 S gble s
ol 02 s e G e R e Sl
Ok slaslas; Ok Jlae 558 5 esdle (bl
235 Gl s Kol bl Sy Loy B
mo3 S My 51 5 p Ui e D) (Bl Sl
laaza 5 Of S Mo (bl ol 3l
S Sl e 0S8 Ol S ool (K
2 2S5l (iddasst Hls L
oS B Jsl Az 5o a5 S eslinad e SIS
OLL Lsd s psd dmys 53 5 Ll il 5
g R S M w sSoe AR
SIS eis el (Sadeghi er al, 2014, 2016)
33l (3 S ey 53 eyl sl
Oingl s SKhdode sl slhaasia

AR

S8 G e S S eolhe (e
OL})J LSLA&LJ 45 g:,‘..w‘ U‘i‘ ZMJQLLJ w.::ﬁcu
Olde cplam a5 adlsy a8 Clll Mg
SE Sl b ol S0l axt 555
ol Bl ol il OBl A g s Ol s glaasli
Jlas ol ol «(Herwitz, 1986; Li et al., 2009)
Ol S S St Mgl S s
&\)S sas(lis d&}:b g_,‘.if,a U‘i‘ .L..SL;a g:,.i‘JJh
03 5 A& B ,=e Herwitz (1986) Lu s L o)l
208 Oty A sl St sl e
Johnson and Lehmann, 445 (gl,) 5505 (g3

2006; Levia and Frost, 2003; Murakami, 2009;
33 C‘ft"' Js» (Levia et al., 2010; McKee, 2010

AMTE A g b el 3L O 55 s
Viville |, oo ol Jlie (Jle (gl das o 0L
Reid /4 Picea abies &5 5 ;3 (1993) 0|, Ken 5
Pseudotsuga <> 5> and Lewis (2009)
535 43 Didon-Lescot (1998) Y/« unenziesii
> Huber and Iroumé (2001) &/Y+ Picea abies
YA/Y+ U AN s Pinus radiate s Lgudf;.?
Pinus 3> & ;> McKee and Carlyle-Moses (2010)
S 55 Murakami (2009) 5 V¢/4 «contorta
A5 S s, 5l » MY «Chamaecyparis obtusa
et el e e S5 Ay e
2 0LL SR b B JSS GaS e e
o) 55 Cand labez s 16 SO Sl ol a
e Gl LY s b Gillas e 5 (Y
2 il KA s e DLl B s
B V) sl ke b ol sma) sls 0l iyl

Lils, 5 plaSge S ool (Grodue Ve



ol g8 callcws JKz j0 iz )0 zU g a5 SG5e0g,0.05 | slodasin o)ﬁTﬁ

Colid 58 3 e e S 5 JBE s
5 Uizl Ol S S sbhaasis
Lol SN Gbyobb s S S s (4
2 owle 68 Obal Cow g K O e
Ros sl g a8 e Ll SaS aik
Ol St Sl sbaasiie e el
AR o 25e QL3S 2 5 el Ol s A5

e

References

- Attarod, P., S. M. Moein Sadeghi, L.
Soleiman Nezhad, M. Manafi & A. Asghari,
2011. Rainfall interception by individual
Pinus eldarica and Acer velutinum trees
planted in the urban forests, Research
Journal of Forest Science and Engineering,
1(4): 39-51. (In Persian)

- Attarod, P., S. M. M. Sadeghi, T. G. Pypker,
H. Bagheri, M. Bagheri & V. Bayramzadeh,
2015. Needle-leaved trees impacts on
rainfall interception and canopy storage
capacity in an arid environment, New
Forests, 46(3): 339-355.

- Bouten, W., M. G. Schaap, J. Aerts & A. W.
M. Vermetten, 1996. Monitoring and
modelling canopy water storage amounts in
support of atmospheric depositions studies,
Journal of Hydrology, 181(1-4): 305-321.

- Bryant, M. L., S. Bhat & J. M. Jacobs, 2005.
Measurements and modeling of throughfall
variability for five forest communities in the
southeastern US, Journal of Hydrology,
312(1): 95-108.

- Carlyle-Moses, D. E. & J. H. C. Gash, 2011.
Rainfall Interception Loss by Forest
Canopies, Forest Hydrology and
Biogeochemistry, 216: 407-423.

- Didon-Lescot, J. F., 1998. The importance of
throughfall in evaluating hydrological and
biogeochemical fluxes: example of a
catchment (Mont-Lozére, France). In:
Conference on Catchment Hydrological and
Biochemical Processes in  Changing
Environment, Liblice (Czech Republic). pp:
17-20.

- Dunkerley, D., 2000. Measuring interception
loss and canopy storage in dryland
vegetation: a brief review and evaluation of

AR

csls C:M Wb ‘d)m le.ﬂbejjﬁ Ls‘j’

slols 580 o bl clols Ok s

oA 5 O3S (00 S k) el S
23 by vl 5w e eSOl s (038
Ol 55 oy oK Sb gl w5 5,50
¢L§ sl s ) s e L) b zan ST
S5 S S glaaasiie Oljea Cxll oy o

jb}.::dd 99“"‘"“’)?‘"5; BL QL:})JR.J) ?""“'"':. “ﬁcl.:

available research strategies, Hydrological
Processes, 14(4): 669-678.

- Fathizadeh, O., P. Attarod, T. G. Pypker, A.
A. Darvishsefat & GH. Zahedi Amiri, 2013.
Seasonal variability of rainfall interception
and canopy storage capacity measured under
individual oak (Quercus brantii) trees in
western Iran, Journal of Agricultural
Science and Technology, 15(1): 175-188.

- Friesen, J., J. Lundquist & J. T. Van Stan,
2015. Evolution of forest precipitation water
storage measurement methods, Hydrological
Processes, 29(11): 2504-2520.

- Gash, J. H. C. & A. ]. Morton, 1978. An
application of the Rutter model to the
estimation of the interception loss from the
Thetford forest, Journal of Hydrology, 38(1-
2): 49-58.

- Gash, J. H. C., 1979. An analytical model of
rainfall interception by forests, Quarterly
Journal of the Royal Meteorological Society,
105(443): 43-55.

- Gash, J. H. C., C. R. Lloyd & G. Lachaud,
1995. Estimating sparse forest rainfall
interception with an analytical model,
Journal of Hydrology, 170(1-4): 79-86.

- Gash, J. H. C,, I. R. Wright & C. R. Lloyd,
1980. Comparative estimates of interception
loss from three coniferous forests in Great
Britain, Journal of Hydrology, 48(1-2): 89-
105.

- Ghimire, C. P.,, L. A. Bruijnzeel, M. W.
Lubczynski & M. Bonell, 2012. Rainfall
interception by natural and planted forests in
the middle Mountains of Central Nepal,
Journal of Hydrology, 475: 270-280.

- Ghorbani, S., S. M. Hojjati, Kh. Sagheb
Talebi & Sh. Shatace, 2016. Impact of



- Herwitz,

landuse change on ecohydrological function
of canopy in Brant’s oak (Quercus brantii
Lindl.) forest in Ghale-gol watershed,
Lorestan, [ranian Journal of Forest and
Polar Research, 24(3): 390-401. (In Persian)

- Hamedi Ghazi, P., S. R. Mousavi Mirkala &

A. Samadi, 2016. Study on production,
felling and processing costs of first thinning
operation in a reforested stand (case study:
Tyrum rood, Tonekabon city), Forest
Research and Development, 2(2): 155-167.
(In Persian)

S. R., 1986. Infiltration-excess
caused by stemflow in a cyclone-prone
tropical rainforest, Earth Surface Processes
and Landforms, 11(4): 401-412.

- Huber, A. & A. Iroumé, 2001. Variability in

annual rainfall partitioning for different sites
and forest covers in Chile, Journal of
Hydrology, 248(1): 78-92.

- Johnson, M. S. & J. Lehmann, 2006. Double-

funneling of trees: Stemflow and root-
induced preferential flow, FEcoscience,
13(3): 324-333.

- Levia, D. F. & E. E. Frost, 2003. A review

and evaluation of stemflow literature in the
hydrologic and biogeochemical cycles of
forested and agricultural ecosystems,
Journal of Hydrology, 274(1): 1-29.

- Levia, D. F., J. T. Van Stan, S. M. Mage & P.

W.  Kelley-Hauske, 2010.  Temporal
variability of stemflow volume in a beech-
yellow poplar forest in relation to tree
species and size, Journal of Hydrology,
380(1): 112-120.

- Li, X. Y., Z. P. Yang, Y. T. Li & H. Lin,

2009. Connecting ecohydrology and
hydropedology in desert shrubs: stemflow as
a source of preferential flow in soils,
Hydrology and Earth System Sciences,
13(7): 1133-1144.

- Licata, J. A., T. G. Pypker, M. Weigandt, M.

H. Unsworth, J. E. Gyenge, M. E.
Fernandez, T. M. Schichter & B. J. Bond,
2011. Decreased rainfall interception
balances increased transpiration in exotic
ponderosa pine plantations compared with
native cypress stands in Patagonia,
Argentina, Ecohydrology, 4(1): 83-93.

- Little, R. J., 1988. Robust estimation of the

mean and covariance matrix from data with
missing values, Applied Statistics, 1: 23-38.

- McKee, A. J. & D. E. Carlyle-Moses, 2010.

Stemflow: A potentially important point
source of water for growth, Linking

Y ooyleds ¥ als (K drwgd g Siloh gy — sode dolilad

YA

Innovations and Networking Knowledge,
11(2): 11-12.

McKee, A. J., 2010. The quantitative
importance of stemflow: an evaluation of
past research and results from a study in
lodgepole pine (Pinus contorta Var.
latifolia) stands in southern British
Columbia. Master's Thesis. University of
British Columbia. Columbia, Canada, 113 p.

- Mohammadi, S., R. Rahmani & R. Arabali,

2014. Measuring throughfall and
interception loss in Horizontal cypress and
Turkish pine afforestations and a natural
stand of chestnut-leaved oak at Kohmian of
Azadshahr, Iran, Iranian Journal of Forest,
6(3): 363-376. (In Persian)

- Motahari, M., P. Attarod, T. G. Pypker, V.

Etemad & A. Shirvany, 2013. Rainfall
interception in a Pinus eldarica plantation in
a semi-arid climate zone: an application of
the gash model, Journal of Agricultural
Science and Technology, 15(5): 981-994.

- Murakami, S., 2009. Abrupt changes in annual

stemflow with growth in a young stand of
Japanese cypress, Hydrological Research
Letters, 3: 32-35.

- Muzylo, A., P. Llorens, F. Valente, J. J.

Keizer, F. Domingo & J. H. C Gash, 2009.
Review of rainfall interception modelling,
Journal of Hydrology, 370(1): 191-206.

- Pourali, S., M. Aliha, Kh. Sagheb-Taleb & M.

Dadgar, 2017. Investigation on success of
man-made forests in southern slopes of
Alborz, a case study: Roudehen, Journal of
Forest Research and Development, 3(1): 63-
76. (In Persian)

- Pypker, T. G., B. J. Bond, T. E. Link, D.

Marks & M. H. Unsworth, 2005. The
importance of canopy structure in
controlling the interception loss of rainfall:
Examples from a young and an old-growth
Douglas-fir forest, Agricultural and Forest
Meteorology, 130(1): 113-129.

- Rahmani, R., A. Sadoddin & S. Ghorbani,

2011. Measuring and modelling
precipitation components in an Oriental
beech stand of the Hyrcanian region, Iran,
Journal of Hydrology, 404(3): 294-303.

- Reid, L. M. & J. Lewis, 2009. Rates, timing,

and mechanisms of rainfall interception loss
in a coastal redwood forest, Journal of
Hydrology, 375(3): 459-470.

- Sadeghi, S. M. M. & P. Attarod, 2014.

Estimation of canopy ecohydrological
parameters of Pinus eldarica trees in a



ol g8 callcws JKz j0 iz )0 zU g a5 SG5e0g,0.05 | slodasin o)ﬁTﬁ

semiarid climate, [ranian Journal of Forest,
6(2): 167-182. (In Persian)

- Sadeghi, S. M. M., J. T. Van Stan, T. G.

Pypker & J. Friesen, 2017. Canopy
hydrometeorological dynamics across a
chronosequence of a globally invasive

species, Ailanthus altissiimia (Mill., tree of
heaven), Agricultural and  Forest
Meteorology, 240: 10-17.

- Sadeghi, S. M. M., P. Attarod & T. G. Pypker,

2015a. Differences in rainfall interception
during the growing and non-growing
seasons in a Fraxinus rotundifolia Mill.
plantation located in a semiarid climate,
Journal of Agricultural Science and
Technology, 17(1): 145-156.

increased in semiarid tree plantations?
Evidence from a field investigation in
Tehran, Iran, Turkish Journal of Agriculture
and Forestry, 38(6): 792-806.

~ Sraj, M., M. Brilly & M. Mikos, 2008.

Rainfall interception by two deciduous
Mediterranean forests of contrasting stature
in Slovenia, Agricultural and Forest
Meteorology, 148(1): 121-134.

- Tafazoli, M., 2013. Comparison of nutrient

input via throughfall in a oak-hornbeam
natural forest with Acer velutinum and Pinus
brutia plantations in Darabkola, Sari. Master
thesis. Department of Forestry and Forest
Economics. University of Tehran. Tehran,
Iran, 121 p. (In Persian)

- Sadeghi, S. M. M., P. Attarod, J. T. Van Stan
& T. G. Pypker, 2016. The importance of

- Véliz-Chavez, C., C. A. Mastachi-Loza, E.
Gonzalez-Sosa, R. Becerril-Pina & N. M.

considering  rainfall  partitioning  in Ramos-Salinas, 2014. Canopy storage
afforestation initiatives semiarid climates: A implications on interception loss
comparison of common planted tree species modeling, American  Journal of Plant

in Tehran, Iran, Science of the Total
Environment, 568: 845-855.
- Sadeghi, S. M. M., P. Attarod, J. T. Van Stan,

Sciences, 5(20): 3032-3048.
- Viville, D., P. Biron, A. Granier, E. Dambrine
& A. Probst, 1993. Interception in a

T. G. Pypker & D. Dunkerley, 2015b.
Efficiency of the reformulated Gash’s
interception model in semiarid
afforestations, Agricultural and Forest
Meteorology, 201: 76-85.

- Sadeghi, S. M. M., P. Attarod, T. G. Pypker &

D. Dunkerley, 2014. Is canopy interception

W. Lull (Eds.), Forest Hydrology. Pergamon

Press, Oxford, pp. 137-161.

ARR

mountainous declining spruce stand in the
Strengbach catchment (Vosges, France),
Journal of Hydrology, 144(1-4): 273-282.

- Zinke, P. J., 1967. Forest interception study in

the United States. In: Sopper, W. E. & H.



Journal of Forest Research and Development, Vol. 3, No. 3,2017

Estimation of ecohydrological parameters of trunk and canopy of a Pinus eldarica plantation

S. M. M. Sadeghi' and P. Attarod™
1- PhD student of Silviculture and Forest Ecology, Faculty of Natural Resources, University of Tehran, Karaj,
LR. Iran.
2- Associate Professor, Department of Forestry and Forest Economics, Faculty of Natural Resources, University
of Tehran, Karaj, I.R. Iran.

Received: 03.06.2017 Accepted: 20.11.2017

Abstract

Knowledge of canopy and trunk ecohydrological parameters is a decision support tool for forest
managers to choose suitable species for plantations, tree spacing, irrigation treatments, and
silvicultural treatments including thinning, lighting, and pruning. The purpose was to estimate the
canopy and trunk ecohydrological parameters of eldar pine (Pinus eldarica) in Chitgar Forest Park,
near Tehran (Iran) during two years measurements. To measure gross rainfall, ten rain-gauges were
installed in an open area adjacent to the trees, and throughfall were measured using 60 rain-gauges
installed beneath of canopy, and stemflow was measured using the spiral type stemflow collectors
installed at six trees. The results showed that estimated canopy saturation point, canopy storage
capacity, the ratio of mean evaporation rate from to the mean rainfall intensity, and free throughfall
coefficient were 2.07 mm, 0.97 mm, 0.27, and 0.30, respectively. Trunk storage capacity, stemflow
partitioning coefficient, trunk saturation point, funneling ratio coefficient were estimated 0.36 mm,
0.17, 2.12 mm, and 8.54, respectively. This study was the first step for understanding the trunk and
canopy ecohydrological parameters simultaneously. However, we recommend to consider all these
parameters in longer periods collectively.

Keywords: Canopy storage capacity, Stemflow funneling ratio, Stemflow partitioning coefficient,
Trunk storage capacity.
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