YYa YO+ b YYR dio AVAY 0l ¥ 5)led oind Jlo ool SKiz ezl o) JSa> Aona

Sl doud o8l 10 S pipty 9 S 2o IS jo )b sl & 39
(8,294 M KWWV Glip J)b SO0 axd o)

"ol g o358 9" (o lio Alloel (535395 ouemms

Sl el oDl ol3T ol8zils (liios 5 poke aoly o lalSim wi )| cwlid 5 sommasls’
Ol ol oot ol3T ol8tils (liios 5 pole aoly o lalSi 05,5 Lozils '
ool 3131 Olzils 3 g 1 9l o sambs aolie BuSCails Labiul T

QTN + o dy 2,5 O FAYN YIS il s &)

oS

bss LS S i soaisT (OBl 5 ol o bzl) ik sl ol e B b iy ol

,b=> 9 (Fraxinus rotundifolia) SCezes Ly S poms 9 (Cupressus arizonica) slo,a g, ¢ (Pinus brutia)
aw ool wl b b Jlode .28 5 ploul 0 g 0 b s ciige S K> S o (Platanus orientalis)
&l ui':)LgClS Sade 65 05ll gl ol (S osll (g ool cual 5L slad yo a5 ol L owd)sjéo.? dae

Hlez dlaws g olsesl Aol iy 45sS o 5l aS (samuian b oolaiwl 00 iS5 5la e S 5l 43S o
Jsb 5o 0 0910 o)zl 5 ol Jlade Jolis 1 oby ol Jlade ad cuai 30 1 5 50 00iiS (s ygleex
- ‘;\»)L' i Lgb.: ‘_sal.’)ubl.: )‘J.O.c W) 6).50)L,\A‘ ).‘.4‘51.‘.4 YYY/A G Egomo lJ u‘)l.v J‘b) Yy ey Do
Ly zLS «(RT=+/AYY) S5 )b dR™=+JAVY) Jlx 645 (gl (598 9 Cacto &bl ¢ 40,z g o)L o

S it sladiss (b bzl a5 ciS lg oo wlal cpl p o odalice (R™=+/YAA) (lo a5 g g (R™=+/AQY)

39 3 SBlas g b oo Rl LEE Glie Ok Slade Rl L g Sl S S0 slaaiss 5 i
Sl e3blio ol po ol coenl 5 (33l 3y & Calis b (nlple g 000 S 5l 5268 gy 090 slaaisS &S
L Laaiss 2byoll o kel jlade ( oz lapivnwsST 1o Sojels 0 slaaul gildoe 5 o S o

255 )3 e 55 S i ladiss Slls oyl

amataji@srbiau.ac.ir : ! CAVYEFATYAS oles o lad Jsins by "



ey S pite 9 S i s, B o )b slizl e

Yt

o ol Cd o il g S w2l
51 5l o (Fan et al., 2014) ssg S wiaccsS|
5 o8l Glaaasein o 5L @5, (JSox LSl
(Muzylo et al., 2009) el [5,Ls 5l ons 5 pa>
bl ol was e gy iz 50 (Saijh & elin
T Gidg yo b slalad 5,k 5l pedine jsboay
Syl JoSS Sl ey L S e S S
Slaghy, Oygot (bS50 Gibazl Of (5 IS
Samba et al., 2001; ) 55—, o0 S &S 4 U
aS S, g9ee 4 (Sadeghi et al., 2014, 2015
D e yo0 S ey 4 00l G5k 90
s Sl a5 L 31 (5,500 i g e 4TS

G 4 9 99h o0 Sl QS0 AT (59, b o
(\‘”\Y‘ sé)L_ja.C 9 (595[—'0) d_.w)‘s_c J—i& @S
oy 3l 2y obl dawlgay a57 (Swb 5l (6)lade
Slade ) (et it 09d oo )15 S g
9925 = 2 5 Sz GlapinwsST o 1) p3us
5z 5w s S Pl 2l ok Sl
) SLapirsST 0 (2138 Slge 5 (STl 000
s a>g L oioen (Herbst et al., 2006) s ,ls
o SBlw 5 3l ©jgeh oL Sl s S
Sade 4y a S glais o 5 S50 slbdisS b
Syl ol (SKwly Ko aS @ odw, Syl
(S_idd o § S_id o8l L 3blie 055 940)
S, gol 0y Ce—odl i 950,90 Jo—bb p0
& ye—0 40 451> (Sadeghi et al., 2014, 2015)
Jad sl gblis yo ool L jlaie 5l a5
b ©yge )3 OlFn (B g, By93 0 Sas
BURERTS: gr’T e aazs b obyolhb jlade oy
96,90l Ll an o, S wlidee 3o ,b
- BLS leaisS ol 5l b 005l (rizmen
Sl amis e bl )5 SeS (5 55k
Gdigy i @lnoble dedsan wedse L
WS o il o 1) 5 Ol K U LS

Bud g dodilo
Seisds b sl o Jsle 5 Lol O
«(Levia and Herwitz, 2000) 59, oo jlebas lals

5 sty ol b Sl Gl (ol GRS ST
2L sloptuwsStady el corge (o
ol ol 9B e SAS Slapeldl )8 0hge
5% o529 el ol Bl (L Hlade b))
Jole U5 csh, o Siduaag 5 S5 3blis
olo) cul LS Oladss  yi5e 9 eaiiSdgae
ale> 3l .(Carlyle-Moses, 2004 «\YAY o Llac 4
o golio 5l g solatul ¢ oloS b (5,55l slaol,
.(Sadeghi et al., 2015) ¢l o1 (590 2 ial33l g
(S Y9 5l (See v LB ad (gaw 5,000
A 0yt gl 5 s glaol sz
Ll 9 )5 (al g 098 eoliinl dige 5 ke
aly Loe Ll b oo Sugals e sloonsay
bl 1o 6,8 a > 51T .OVYAA wolide) o9
Ao imwlin 550 Gladiss L Sliddes g Sz
SUIS sl ¢ ,Sioly sl (S ol b ials
Slogician 69, » Lid Jals axis )0 5 (2,8
AV S 5 (5,8 45 e S e
Chang, 2003; Huttle et al, 2000;
o=l 6,8 sleasls 5l «(Sadeghi et al., 2014
5 Sy ey g @ Ll T plos a5
2iz L0 Gzl dhewgt ol 5l ()l
= 2 Al s davlgds 4ol )5 5 098 o0
ol 0 g mhaw sl ol Ol ol a S 00, 5
5 B$3Lo) 9o oasali itz byt
.(et al Shachnovich.2008 , «\Y4Y . ,Uac

a8 Sl (Sl ) s Bzl 2Lt
® S QLS GRinEl g9, Sk jlan b el
@l pledl G b (Sl (b s alavlgas 5 wile
JSi S g 4 a0 9 90,5 o lse
.(Crockford and Richardson, 2000) s—w,

! Interception loss



YF) YO+ B FFR domio DAY 50l ¥ 5)led aicd Jlo el SLi ol el UKoz Al

5 byo s 5l 650 VPV gl )l o o ST (sloosS
FAJsb Ly Jli dado B0 gax 0 VY oy
Syzan b oy Jled (o (LBl 0 7Y Lo o
LESa D0 L, cole AY sl 5 50 o] akss
Sl Comdoe 00l a4y (Soop cdeay SL cpl o]
S ol et Ol s 5§ i
Lo s 51 S ol ddais oy sauly glas 1o lo
T el g 5 VO s ddads o s e VPO
Lol SiSdns g4 3l ddlaie (Bl )3 logs S
9}Mw)fo)5_A2_AJQ.AA;~JLC @})bsubﬁ

Y el

ailecd SIS Ldoay ;00 gloide a5 (90,0
S o 2Bl 0 | it o (alS iy,
JSim S 5 ol T e (SigSe Lidlae
SIS 1 5 S Cash, slagSl (g5 2 Wl oo
(Sadeghi et al., 2014, 2015)
glie oo o (i)l sl lade 5l 28T
&l Lo LIS Sogals e 00il (aliél g o
w0 lae g 85Lo) Col (5,5 camslio &g L5
U ooy o ol geios ulul ol (O TAY
sloaiss o5 p b sz o) 8,0 ¢l

S oy S i 95 piSig

Lo 59, g Sl
5% 93 M St Jlod 53 9,20 Ol e
L ol e ol 000 )18 (655 0 ()55 sloe o
als sladials jo LS VYEYVD Ll colis

R U {

20 "0 20

1: 1,300,000

29 Ol e g Gl Ll j0 (s 0590 ddlate CuaBee -) S

905t sl B ols 5 gl 51 ol (g S eIl ole
Dol g pSoslail BB o)L gwyp 0 50 dalais (o
[ERVEEL JP S FRDSIS N FEO TN LA SLRE RS

! Rainfall collector

G (g
2 bbb g o2zl Jlade s jglaieds
J=lol 5 o,z g oL Slade (I35 g Giugy Jual

55 Sase 4 VYA Caigs,) 30l 5IYAY L]



ey S pite 9 S i s, B o )b slizl e

YTy

9 bgr gLS) S i Sigm 9 (SiamS 0l 9 ,b2)
5 ot a5 a5 pa 5l alol gy (loyds gy
USSR EO Y SO P E 5 PP
gl ;o abgrye atsS olis)l 5 5,8 STy
&= 5 (Shachnovich et al., 2008) a.il (¢,
el ;S s e 7 L Ll gb o SIS
«(Owens et al., 2006; Sadeghi et al., 2014)

() Jgo2) sads ol

iy a5l VY dab 4y glo plo Glao L s5ld
5 e 58 Alols 5l sl s e il Fe gl
Lsgie glai)l bl 90) ye Ve sgas> dlols ;o oo
5 Saslazr Sheeiy 9,90 Sla Szl (aarly
S B L gy Algtul jlesliinl b olil 3o
Oloedn 005 (65l s Ayt 00Bis 9]
A5 SNk e sl ewn 890 0 S Sk
S ot SasS (bel Jlade gl ol 4 S

R S50 Ol e (o5 ladasive (1Sl =) Jgao

(2y05) g6 Colune () gb el G gyl (aiils) i plp )l el
Vo AIA VoY YY/A L

V40 £10 VIA Ya/4 SF ol

/¥ #1a £14 Vs Lws 25

\YI$ 10 £\ VYA Slo i gy

,lez ,o (Buttle et al.,, 2014 AYAY . Slo> 4
e Aol 4 (W7 () 5 6 8L) (Lol e
(Hodjati et al., 2009) cp> ,» ,0 z gl

(V J5C8) ol adliS )15 (658 slaged Al

So—e A Al Gl s jo—lateay

ol gl 5 50 Uhlogls e S s pslaexr
D92 (o b LIS IS oy 0 3550 soodes
2 5 00 5 455 ;o lp eatiS (s pslaenr Yo oS
L TR L) et gl e s

b} af*!':é’ i TR TR
TR TR L TR
g ¥

)

f

U’L)QCU ‘_gLQo..\.;.QS‘_g)jTéa.? al g, -V S

Z e &gl b ] gz g a5 5 ome 59 bods
oS (6 9lanz px (el 0 (5 503l

ol J—ol8 sl 4wl 5 ca By 5l ey
(gl laeaisS s jslaen 51 s y2 3kl



YTy YO U YV doan AVAY 5oL oF 5)led (pid Jlo oyl pl SLISKS ezl oyl ) JKo dlors

() adal)) ad b (Lalls (Sas)l) ids,
.(Mahendrappa, 1990)

|I=GR-NR=GR(TF+SF) Vbl

NR oL,Ls o ie GR « oLy, oo

e SF o i, 2l ke TF o alls S,k
e 93 e BLS (g jsbaieds el CLL
itd glalold Lulis L a5 5,bzb 5 ol e

9 @L:)S) KW oéLa.._m‘ us.m).u M g.,q).o )‘
OYAY (ol

o ole i Jobo jo 0L slaslas ;) oles
o=l Jobo j0 a6 S esll g 0,90 ddlaie
ol B fgorme 0l Sod Ll slas VY Gos
d_SQB_g ).\.o‘;u.c YYY/A S e J}.’a 5o U‘)L
VVAD o2 VY s sas oyl sSlas> g JBla >
2 ohl Jlacie an a g Lol cansds e Lo
YA s PAN 1 s jan )l 865 6l 2byolb
FYIF 5 OY o /F SiS )L 4565 (gl g 0oy
5 oo,zl «olle o (pizen VY CORVIR VS
VAN 1P s yas Gloj 5w 865 sl b0k
loyi gy g )Lz 4 bape (2Ll Jlade (n jteS
5t doy0 Yo Lz 5o (T ke a5 (5y5bas oy
:\_3.15)& g_:L‘BLw 4\5&‘ LE) WL..C Ls | 6‘0).1’ 9y
Sloaiss 4 Loy i ia 2b)obl ke on S
(F J58) ol jliz g (slo s g pmo
slools jo badiss 5Lzl e Ol ynss (555l
slosd o izl jlade a5 el )] Sls caliseo
ooyl ooz el Bl b ole o slas el (53

> Olgmsdn (350 o GlbaEl n) e i
asd S L o e glan bgye ()bl diges
oLl Bged poe el b 230 50 gl 4 o
el ) h)gls 808 s pslaez los colus o,
T Colie (55 S L el ey 3Ll
bl B0 6 T aer Bilas Crlas 5 Cy0 o
o h e 2350 ol (6l oyl elis)
)l oo ol s By s 3Ll S
Sd et S50 ol gl colas 3 S 0)lel
5 bl olie 6 ,eFo3ll (VYA ( lam, 5 b ,5)
5 Sk plesl 5l G Cela ¥ Slas (1)Ll
Qe ys golb 5l b8 el jo )L g98y Dy yo
APAA (LS 5 gianl) 3.5 oLl
.(Ahmadi et al., 2009

G5 )18 Cemmdg SBLs (g, Foslal (sl
i plp i) Jome 0 Bl (55510 slaplagl
Ol )ly s (55, 2 )l @l as il J)gon Wb
O35 095° g Jobo (075 (b 5l gy g 008
dpou S5 jslanz (nl ud 3l iy 09 (55510
Aol g 0532 5l (6538 iy dlgts (1550 Cengy
O 5 Old9b «s 3503k o 5l ad s3LaShy
Bl Lz el U s Sy ezl ol ole
S o Ol 2 ol ALl ez gwile gam
090 bz ol pon oBle (b > 2L b
A (6 S0l g yoe lgias] Alasgay e oliles 5k
A OBl g pd Jl S0 o QUL gl )|
(Sl g Sb,8) o ailxe o ol ZU colus
Sype ity £ Erlas (6503l gl VYAV
Mz 53 b0 51 e e gl elad (SBlu (55 el
Colas g 9 503l 6l e b (Lol e
Ahmadi et al., 2009; ) o awlxe Liz o 7
.(Delphis and Levia, 2004

oble ©als l Gdnzls eleoll sl
S 9,b) Liderls YL (o saig S eslal
gl 5 00 PBlw 5 )Lzl gemme 5 (LAIBL



ey S pite 9 S i s, B o )b slizl e

YEE

Cuiigd )l 50 Lol oy s asss Koo b anslie o
AY-AY 4 Sa) ;500 385 i lotigS S0 5 eS
boyo (sin 0)90 Sladiss &S ALl 5l we o
O3 oS it 5 099 (i 5 5y Jod &

(F JS8) cl e Jad lal 0 Lo o

Ve
JiCE) LS Ol
A | O BEow
a bS]
yo
ES
]
2 i
2
e}
Y

(o ) 2ok gl

- - ~o >
L L L L

olbzl Ol s W)y 4 colie bl ool wol>
15 Uizls 45 EiS les e wilize slaels 4
Ol g Sl Ao oSl SIS (o 2 350 Ailaie
B sy 090 SloaisS plal ogas ;0 Ky,
Ol 5 5l slaole o )l &8 )Lzl WS oo

alide slaoks jo yiwgly 9,90 slaaiss o)Lzl jlaae -F S

cils wale (gogmo g 5 5Ll lade (olk
&l oasatl )| as Ly, IS (A B O sla JSS)
4S5 3,08 gedge ol 5l ColS> i slaaiss
Bl e e Kol ST S LL Jlade asslis

Syl sao Loyis AL gl

5 OhL Llaie G oS wBd o LA S (eizres

9 e (Nt (o 2 3550 SladisS )Lzl
R'=+JAVY Lz 3,15 59> peiins 5 a5 dlay,
s R'= FIVYA (glo, 5 gy R'= +JAYY S 5
Oil3l L S psgie oy dR'= +JARY Liwg 1S



¥ YO+ b YYR dio AVAY 0l ¥ 5)led oind Jlo ool SKiz ezl o) JSa> Aona

(T
vy Y= o¥Yo X — vy *
RY = viavy -
veoo
]
[©] AN
=
3
A
j& £
Aoy
T
] ¢ b A \ \Y V¢ 1 A
oo o) 350
GRoR 9 e Adlaie o L Lzl g ol Ges Sl -0 S
Ve
O
e Y= /A0 X = /ANA .
AR
> R¥ = .avy * .
3 A |
W
q 1 .
4 i
S
Aoy
T 1
. Y 3 ht A K \Y Ve M \A

(e slan) 0134

RBg3 890 dilaie ;5 SbaiS b (AbEl 9 Ll Gee Sl 7 JS&

VY Y= AT X - o

R = .ivan .

(e o) Gl o 6 g B0k 20
_
L

Y 2 A A \E Y Ak AR A

(e Ldee) 011

SRl 950 Abbaie ;3 (sloyhi g Ll 5 GLL e Dl ess -V S



ey S pite 9 S i s, B o )b slizl e

Yts

[G8
-

A s S Sk g B

&
~~

(e Lelea) D150

G55y 3 90 ddlaie o Lwg 25 S5LEl 5 DL Ges Dlyss A S50

5 2l sladasie (bl o)) 5l (20 Dl ]
ailaie 95 ;0 laaisS glite (63515890 53 5 (2l9»
OYAY o)l 5 Solo) ol

S QB pSis 5o 2l Hlade (S jsba
oL «(Loshali and Singh, 1992) el 5 50 5
Ugdny S Syg sloaiss )0 azgi)bls b,
Caglio jlade g L5 ySeiar ()0 o )b
Ford et al., 2011; ) o4 e gu i Sealnog ]
,o (Fan et al., 2014; Sadeghi et al., 2014, 2015
4 093> 3z o Ford et al., (2011) aie; oyl
ooy jo aVle §,a0 g el aS o) donl oyl
S ot $Leosss plp 99 (21 8355) S pSjem
R

Sdyb oSS sl (U slain, 900
Gt ol 0 090 oo )'L{:T ot gl ol &l
ol 9, OB s Gl bl v (ke
OBy Glp g as,0 OY o £V ol ey SaS
OY/A 5 AN 55 s bgpr 2LS g (slojii gy
O oS 5 )z 50 Gobgl oyt el oy
09y S0k A4S 05 oo odalive (lo a5 g o
Ll O i b analie 13 (B noty 2Ll
g )y Ly 2 25 50 (5,0 Jlode (izran

0 Ladd (w0 90 ddlaie ;o 5 L olas, YY)

aS oads Sol> adlaie yo Ll ad Llgl yo slas,
oolzdl glasl 0,90 ol jo L JS 5l aus 0 Ve s
)L\_Q.o o)_>5=b ‘L)’“")L’ 6‘)_‘>‘ )L\.Q.c u,uL.u‘ U"‘ » S|
aalaie ‘5.'1 350 6ol caenl adlais o by olL
6551 5l ol Jlacie 4 b, ol, syl
WSl @lyasol ladasie g 55k w3, Lo
Sl ) 5l e 9 Sl )0 B 5
o> a5 ,o (Sadeghi et al., 2014, 2015)
S it sbeasss )3 2lyol b bwgie jlade
FEN-0-IF d_ls 51 S o0 55— sloase5 o
Al g bz 5o 2b,olk Bl cwd jls )95
&.JLM?U L5>)" G}L\J o] 6‘0]94 gy A Jay).o ui
U5 5l aco,0 4-YF Lb,olhb as el o 51 S
;o (Levia et al., 2011) os-is o Jolis 1) o,
O3 S5 59, 2 V) GhlSen 9 6 8L (o) 2
YV 5 FO e ia pbyolb jlade loyd gy 9 28
Gt guls OBy aS 0l dwle o)L 5l ooy



YYY YO U YV doan AVAY 5oL oF 5)led (pid Jlo oyl pl SLISKS ezl oyl ) JKo dlors

35 550l g el 1y b 51 (Sl g L

FS B g0k dnge Bro Jod Olidos jiiny
= 9 99 i o T xSl I og
a0 ds 0 g0 SSlas o] Jlade aS oad sl
ol 45 2aS wb 4l .(Rowe, 1983) sg i §
S ko a5 s J5:3 BB olyen £5550
WA 3o5 gos il L Jlge 3l ol
ool Lyl 5 g 2L 85l Lmas s &,
5 Silva and Okumura (1996) ., zbs 5 039
«wleas ol JJo 35 Toba and Ohta (2005)

ol it (W—oy9 93) 00853 2Sla > |
=S 1y Sl v Carlyle-Moses et al. (2004)
el o i Ly 4 5,5 ol aoy S
Sl P8l g 2l (o Cnl i
T P (eSS ok 5 k) S poe oL )0
oy gpm) S pgigm GBS0 lp g 2oyd <17
Cewddy oLl 5l e )3 ) 907 i e (kg 2 25
390 Lol slojlasl sladasiin 4 axg5 b .ol
30 A4S 09 o atax Mo «alids slodisS o)y
Slade gyl Bl b S Sigm b S powy 01559
OF9) ) LSan 5 o el azily LialS LL
A8 Gl as as S ol 095 oy o
Ol = 9 9l Rl CBLy Gl (LS
OYAY) Slom, g sb,8 09 o0 059381 > 3]
L oS w0 ,Solaie 30 (VWWAA) o) 5 suez! g
45 (g gl (LS50 (5 5ka8 slaandS 8l
Rl gyt S e ol (nl g 00l i
Sy e dlS Bl e 5l g o0 b B
O 5o SBlw Jlate Ol sy Wy, a1 S0 &S5
el 5Lzl Ol s i e liBie glaaisS
Jolge 4 alides glaaiss ;o ClBLy jlade ol pls
Cd )b 4y g oo Alaz 31 45 Cansl Al cilisro
5,5 o)l 455 gy 5 26 Ol (o,l0gS
saims hals Sy bzl ol &5 Ll

S i lo g (Ll Jlade a5 0o S Hlsie

Somad 4210 dygl3) 4555 90 Suelsd 90 sla S
2l 05,5 ol (2L i) 5 s o5 5 551

6545 S ,o Shachnovich et al. (2008) < laixs
e o,bzl s ol Hlas 5o e 25 (6 KIS
ez el 00l plaisl og3 a1y 1L 5l sol;
@ S Su39ded 50 sladasin pogdle (B)bel
ol sleaasin 5 i)k o), siile 5,500 Jalse
b wloohl slade (Ll jlade 2ol38IL aST >
s oo Lt galidl wig, 8,LEl s ds
5 e GRIBN 2l)obl S e b sl Sl

2S5 0,8 ol ok Gl lgiee 1) alis ol Jdo
O3S e Bre oLkl i e oL )
o 9 00 (i berzll (6)laeSS bl eSS
5 s Gidy g w5 oL O lade )]

So=b T i a0l ©)emean
so‘)l_io.b 5 Gzl 1YY ‘Ql)l_iw 3 5 y—tlao)
390 ddlaie jo A J.(WWAY o)lac § Solo \VAA
5 ol =)y 45 =Sl il )3 ()
sl o LadieS &S (6l ool lodasin
Loty Jd 50 5 Lol Sl 00 (sloaaii
sl OS] sl ds cnl S s o)Ll
S2iglgd )90 ladasiive (B o9 alive (nlplo
Sade o alin gl SLS o wilgs ad 58
4_§|).> =il calise ,_chzsdJ; O 0 u*’)l’ 6‘)’"
5 2loohl G il Spwaw pals s s
o515 0l 6,500 Jalge dlwgay yiin (2l
s (Fan et al., 2014) 54 s aly> sy bl azli
o OlFse 78 L g5 5 losl g oga 5

il dxgi STyl



ey S pite 9 S i s, B o )b slizl e

YTA

Sl (63,15 (590500 gl NYAA (sl ool e
2 AYY (o) Lo, plal olSiils c(g98, (wad

b Ll (oW s J K SO g ) ULzl
5 $9iS pole ol tils (g oS wi )l Wbis s
o2 VB S b il

FEA-SYA

9 oslosel S sb)l_!a.c ‘a‘).\_> “.:‘ol_w.”w;)_n s&rQJaA

eloobl 2 obb st 5B AT Slg e g el
9 J—(‘-‘-"' d :b)—“” “5'—“‘:‘1 > ‘—""" S‘—o’b"ﬂ o )‘b u‘)—éf le °‘>53

AB-AY )V ! el s Al cgz (sloos gl 3

AP sl ilie e 5 SLES oL olale
2 S ol gz )Lz g ollw (ol
bHY-Ya «(F) 7 swla c.gl;.c 09D g ra5l.c (8,3 4l

Ahmadi, M.T., P. Attarod, M.R. Marvi
Mohadjer., R. Rahmani, and J. Fathi, 2009.
Partitioning rainfall into throughfall, stemflow,
and interception loss in an oriental beech
(Fagus orientalis Lipsky) forest during
growing  season, Turkish  Journal  of
Agriculture and Forestry, 33: 557-568.

Buttle, J.M., H.J. Toye, W.J. Greenwood, and
R. Bialkowski, 2014. Stemflow and soil water
recharge during rainfall in a red pine
chronosequence on the Oak Ridges Moraine,
southern  Ontario, Canada, Journal of
Hydrology, 517: 777-790.

Carlyle-Moses, D.E., 2004. Throughfall,
stemflow and canopy interception loss fluxes
in a semi-arid Sierra Madre oriental matorral
community, Journal of Arid Environments, 58:
180-201.

Carlyle-Moses, D.E., J.S. Flores-Laureano, and
A.G. Price, 2004. Throughfall and throughfall
spatial variability in Madrean oak forest
communities of northeastern Mexico, Journal
of Hydrology, 297: 124-135.

33 0o LIS 3blie du (50959 ol e 5o
pos il oo Sl Siddas g Sis sble
oeolS (gl o ailes e canlin A48 L]
ool ol ol gble cpl jo aildle ol Sl gme
Sl a s calin sogs 9 S i sloasss Ol
L algd oo el atils (6 5eS ob,ol,k 09, o0
azms 5o 5 bbb slade Gals 4 ol o>
S SaS o g S 4 (09,9 ol Jlada ol
555 ol 3B 250 50 (6 kg UMl 0l iz 5o
B B Hladie 5 (Siglg e A5 52 (55,
Laasss o=l (5= 5 @losoble polde ae2)

(Sadeghi et al., 2014, 2015) 543 (5,9l xo>

&b

s Lo jesme llae plysy ((Edese (o]
zb Lol AYA (i an 5 Glom)
, alls (Fagus orientalis Lipsky) Jisl, jiig

AADAYO (V) Y oyl JKi dloe e ybinsls b

B o> wledel wzg o)l plysy (e o580
ool WA (3L e Gaex ] (Hdazme
slo 5 5, 5 (PiNUS eldarica) ., o5zls oLus o
Sz dihie 5,805 o (Cupressus arizonica)
5 Xz Sliiiod (39,00 iz )Ly 69,50 dalllae)

FYO-FVE (V) VA ol o

sle e 30 YA o)l plias 5 e s ,3k
9 5 08 25 2lboobb 2 Ol Jlade 5 owlislse
ezl 160,50 ddllae ) Sis ddlaie jo (glo, 45
.Y"Y‘—YQ\ .(f)\ﬂ sQ‘ﬁ‘ ..i»?/’ > :\.12.:: 5($9J.QL~U
&W?.».a_m: oli‘l_mg“ LT“’L"“"}“ )LAT AYQ) "nl_" -
QLH...:)J ul—hﬁ.ﬁ" LS.JLN‘}Q JS 3)|\)‘ “3)-?5)4

0)3])_3 Ayay n))L]a.c lﬁl)'\_) 9 u.uun.\w Qoo c‘_;.ééto
B8 55,5 55 b €5 Sl iansS slo sl

(V) F ool =) J K ddoe (St aa o8l o 5
NAY-\PY



Y4 YO+ 1YY fmiao OFAY jul ¥ 6 led qaied Jlo ol SWKi ezl o) JKi Al

Chang, M., 2003. Forest hydrology: an
introduction to water and forests, CRC press,
498 p.

Crockford, R.H., and D.P. Richardson, 2000.
Partitioning of rainfall in to throughfall,
stemflow and interception: effect of Forest
type, ground cover and climate, Hydrological
Processes, 14: 2903-2920

Delphis, F., and J. Levia, 2004. Differential
winter stemflow generation under contrasting
storm conditions in a southern New England
broad leaved deciduous forest, Hydrological
Processes, 18:1105-1112

Fan J., K.T. Oestergaard, A. Guyot, and D.A.
Lockington, 2014. Measuring and modeling
rainfall interception losses by a native Banksia
woodland and an exotic pine plantation in
subtropical coastal Australia, Journal of
Hydrology, 515: 156-165.

Ford, C.R., R.M. Hubbard, J.M. Vose, 2011.
Quantifying structural and physiological
controls on variation in canopy transpiration
among planted pine and hardwood species in
the southern Appalachians, Ecohydrology, 4:
183-195.

Herbst, M., J.M. Roberts, P.T.W. Rosier, and
D.J. Gowing, 2006. Measuring and modeling
the rainfall interception loss by hedgerows in
southern England, Agricultural and Forest
Meteorology, 141: 244-256.

Hojjati S.M., A. Hagen-Thorn, and N.P.
Lamersdorf, 2009. Canopy composition as a
measure to identify patterns of nutrient input in
a mixed European beech and Norway spruce
forest in central Europe, European Journal of
Forest Research, 128: 13-25.

Hattl, R.F, B.U. Schneider, and E.P. Farrell,
2000. Forest of the temperate region: gaps in
knowledge and research needs, Forest Ecology
and Management, 132: 83-96.

Levia, D.F., and S.R. Herwitz, 2000. Physical
properties of water in relation to stenflow
leachate dynamics: implication for nutrient
cycling, Canadian Journal of Forest for
Nutrient Cycling, 30: 662-666.

Levia, D.F., Carlyle-Moses, D.E., and T.Tanaka,
2011. Forest hydrology and biogeochemistry.
Springer, Netherlands, Dordrecht.

Loshali, D.C., and R.P., Singh, 1992,
Partitioning of rainfall by three Central
Himalayan forests, Forest Ecology and
Management, 53: 99-105.

Mahendrappa, M.K., 1990. Partitioning of
rainwater and chemicals into throughfall and
stemflow in different forest stand, Forest
Ecology and Management, 30: 65-72.

Muzylo, A., P. Llorens, F. Valente, J.J. Keizer,
F. Domingo, and J.H.C. Gash, 2009. A review
of rainfall interception modeling, Journal of
Hydrology, 370: 191-206.

Owens, M.K., K.R. Lyons, and C.L. Alegandro,
2006. Rainfall partitioning with in semiarid
juniper communities: effects of event size and
canopy cover, Hydrological Processes, 20:
3179-3189

Rowe, L.K., 1983. Rainfall interception by an
evergreen beech forest, Nelson, New Zealand.
Journal of Hydrology, 66: 143-158.

Sadeghi, S.M.M., P. Attarod, J.T. Van Stan II,
T.G. Pypker, and D. Dunkerley, 2015. Efficiency
of the reformulated Gash's interception model in
semiarid afforestations, Agricultural and Forest
Meteorology, 201: 76-85.

Sadeghi, S.M.M., P. Attarod, J.T. Van Stan I,
T.G. Pypker, and D. Dunkerley, 2014. Is
canopy interception increased in semiarid tree
plantations?  Evidence from a field
investigation in Tehran, Iran, Turkish Journal
of Agriculture and Forestry, 38: 792-806.

Samba, S.A.N., C. Camire, and H.A. Margolis,
2001. Allometry and rainfall interception of
Cordyla pinnata in a semi-arid agroforestry
Parkland, Senegal, Forest Ecology and
Management, 154: 277-288.

Shachnovich, Y., P. Berniler, and P. Bar, 2008.
Rainfall interception and spatial distribution of
throughfall in a pine forest planted in an arid
zone, Journal of Hydrology, 349: 168-177.

Silva, I.C., and T. Okumura, 1996. Throughfall,
stemflow and interception loss in mixed white
Oak forest (Quercus serrata Thunb), Journal of
Forest Research, 1: 123-129.

Toba, T., and T. Ohta, 2005. An observational
study of factors that influence interception loss
in boreal and temperate forests, Journal of
Hydrology, 318: 208-220.



Iranian Journal of Forest, VVol. 6, No. 3, Autumn 2014 350

Rainfall components distribution in needle-leaved and
broadleaved plantations in a semiarid climate zone
(Case study: Shahid-Beheshti Forest Park in Broujerd)

S. Godarzi*, A. Mataji**, and F. Veisanloo®

M.Sc. student of Forestry, Science and Research Branch, Islamic Azad University, Tehran, I.R. Iran
2Associate Prof., Department of Forestry, Science and Research Branch, Islamic Azad University, Tehran, I.R. Iran
®Assistant Prof., Faculty of Natural Resources, Broujerd branch, Islamic Azad University, Broujerd, I.R. Iran

(Received: 24 February 2014, Accepted: 1 December 2014)

Abstract

The aim of this research was to measure rainfall components (throughfall, interception, and stemflow)
in needle-leaved (Pinus brutia, Cupressus arizonica) and broadleaved (Fraxinus rotundifolia and
Platanus orientalis) plantations located in Broujerd Forest Park. The total amount of gross rainfall was
measured using three rainfall collectors fixed on an open area neighboring to the chosen trees. In order
to measure throughfall, five trees of each species were selected and four collectors were fixed
underneath each tree. The amount of interception was calculated based on the difference between
throughfall and gross rainfall. In a time-span of six months running from November 2012 to May
2013, 24 rainfall events with total amount of 131.8 mm was measured. The amount of interception was
measured as follow: Pinus brutia 46.1%, Cupressus arizonica 50.7%, Fraxinus rotundifolia 49.6%
and Platanus orientalis 38.1% of total gross rainfall. Strong positive correlations were observed
between total rainfall and throughfall for each kind of species. It was found that throughfall in
hardwoods species was more than conifer species and the amount of throughfall in aforesaid masses
increased as total rainfall increased. The amount of stemflow for all species was less than one percent
of total precipitation. Regarding to importance of rainfall regime in this area, interception and
throughfall of each species should be considered with priority of broadleaved in plantation and
hydrological modeling process in forest ecosystem.
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