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PR SO B 3 PHEE G DN | N U Y WIS K
S Ol s (I 5o (i slags sl
slagle; o wad alad cleas 115 )55 g
Bl o L wloas <l Lol g Labogh 42538
adlazsl el le> sle suie > Lg‘j sl g ool

R RO

Sl d ol ol 45 8 oslia (S 2l

O3 slodiigd Sl (o) S (5 809050
4 wb&)w 50 aS Sl oo os.\.:l....:y O35 9
99 059> (swlidainz I | .leul By pme )5 aijle
s 9 Sl Wil (l @ bgype el Ll
4o byoye Slaass] slaciw 1) 90 859> slacs
Depd o JoSid gt SlaissT calise J>l
Szl ke b garal slacsys 5 (o0l gladys
Sidend Ll S5 o Sal § Siwanle g s
2 oo JSiS 1y 059> ol A (5w
9 JLMMLZ ol}ulo el S Q.ﬂ (_ngJi:.?
oljasls ole .l oljasli-als ol slbcwns
cleany (6w ol oo o Sl sl 4565,



Yo YFe LD domio VP 5ol 5yl a0l Jho ool SUlSix el ol JSix dlone

5yl Jolds Joo sl sl 5L 9,50 slaosls
Jocie (ool ) el Jlo canksd oo canlad
oL S5l g5 oo olibipnn) s Tk
Condg (Hlazl ( > )l ol ( (Ao i)
L= B s 0l mhw 6 pdygiale 8 i ssleg,
il (BLS Ay sy SB35 (e
P (Sl S dls hawgle gl )l g lo S
e el J1979) Comy JEl g5 5 65U 5>
e oY s ol 5 e Yo b alold ool b,z
,o 45 (Dube et al., 2004) el (o] b, 5 e
D9y L (Sl 5 Slasllis & js0a Slagh 0l
J=5 Jsb 50 )l patised) 9o 300 (5 ls pasiged
Bas an azgi L Ged 0 0l (5 slaex (o3>
33 G5B dls oledlbl 5T LU, a5 iagh
S dls Sledbl lojan e €l poss
l o am g b e g Sublook do e 0 5
Dube et al., ) ol Josdljgiws ;o cuiasl)
Al 34l (F Jguz) Jow ,0 (2004
a8y (b Giali b e olol,b aSsl
by 5l Jmols Slgmw, Jlate a5 o ls sliel
A 3)ly Dlgw Jlade 3 (50 Sre 2B S
oo aelgi e ol a5 (glailaie o o slanl >
Gize 5514 0Uiles S oyl 5 |, 455 gl o0
ol Gp,SLE duals 5l Jol> aledlbl 5 salssy
Wod s Joe 3 5 wnlejle Shagiy ddlaie
Joco 5o 1y LMl ol 5 oSG Cyle, b Wl oo
(Dube et al., 2004) a5 54
a5 a0 allas dxlad (g3 S Al —
RPW
PLS Gidgy deoys gl sadall )l cole —
3= G p,S L Al gl s,lo S Ay
el ool L8
A ials ely ool i) Sl —
=B s s S Al gl )l
Lo ool

ssbiiedny jsul b Cypae anld o (b
Ll 00l o2l 059> 10 09290 slrosl> ol
slposl> Consy o)l ol (b sl adgl Gus
35— ool sl cblas g48 ;0 Ol s syl § 09250
o wlgi oo a5 S poeie (Jae sbml 4 Zoles p0 45
Slgesy Jlako :Sleo 35515 ) jusul Lo9> (o
Sl el g Gaeaids jo eols Al | ol
.(Dube et al., 2004) oS b S5 o iolS
4 oda) Sl jladie (i slp Joe o
Sla s wile ghw sla s ol slapl ~
Ll S (oo (o) 1) 310,51 dels 5 (6)S" (59
Sligoy U J bspetir slacasgan | (S
OO B L 9 s S5 Al 5l Lol
ol Jow IS mls jo ol Ol s

s gl b jlaiie o9l jslanedy Jos o
S oo 0olaiul ¥ g Vo slaalal) 5

TSD = (TS + DS + CS) x Ragf V ak,
TS + DS = GEf x TSf x Tf x SL x RW x .

RGF x RFf x DLf v ik,
CS = GEf x CCf x SL x CH xRFf x) DLf Y dal,

4 oo Sl g0 TSD YL slaakal) (o

= o) ool asbid a5l ol O glagl
ol w5l Jol> Slgw; TS (Jlo 55 yoghS
5= 5l Jol> Sligm) DS (Lo )3 jeskS 2 (%)
J—ol> Slgws, CS (Jlo jo yieshS 5 (5) )S
Ragf 5 (Jlw , siesksS 5 o) 6yl S dsals §f
Jsle GEF .l (amly oy30m) ool oy Jsle
ol b Jole TST omly (90) ooy Gl 3
(amly ) S5 Jole T (axly (y50) (e
S Joll o3l (5,6 RW () o0l Jobo SL
Fb et Jole RGP () LS 657 5 550
(amly (y300) (il Jele RFF (aly y300) ool
CCF sl (Al (y300) sy Jogo6 ol DLF

5 (0=l G9) RSB dusls (o fdgy Jolo
el (2515 5900) (60 oS5 dels glis| Jale CH



i 359 S e el 9 el (s Gl ® Joo b (JSir ol (5 liSuges; ke 3] Yoy
sol> 5l,iS15 ol Y Jsar
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Gravel with Ruts 0.4
Sileg) Caxdy oo > glaSin b bole Jol S
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sile i b ol pen (50l S '
Grassed Native
sk S 0.5
Native Surface
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ools gs"?‘b s
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Road gradient >10% 25
Directly to Stream
Gy, 1970 Eg Sl by 0 (e Yo /$0) &gd Ve v b5 alold 35
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ol b Ge £4/98) s Yoo b alols
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s LS
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(Dube et al., 2004)
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Table 3. Total predicted sediment per plot (ton/km/year)

dsls Slgw, (&l S dals Slga, dxlad 5 )lols S als Slhgw, (&)l S dials Sliga, axlad 5l
Sl SIS $97 5 03> whaws SIS Sz g ool whaw
FSD TSD Plot N.O FSD TSD Plot N.O
0 0.428614144 25 0.235677002 2.216266138 1
0 0.998526297 26 0 0.433462156 2
0 0.667053087 27 0 0 3
0 0.650193234 28 0 0 4
0 0 29 0 0 5
0 0 30 0 0 6
0 0 31 0 0.733758396 7
0 0 32 0 0.457770867 8
0 0 33 0 0.363104934 9
0 0 34 0 0.320439607 10
0.292348918 10.92102024 35 0 0 11
0 0.503547954 36 0 0 12
0 0 37 0 0 13
0 0.268231298 38 0 0 14
0 0.550778968 39 0 0 15
0 0.591004303 40 0 0 16
0.091652167 1.206633786 41 0 0.715383722 17
0.0392795 5.365377914 42 0 0.689505021 18
0.274956502 5.212305115 43 0.374495584 6.880094032 19
0 1.056709464 44 0 0 20
0 0.591004303 45 0 0 21
0.342532877 2.068515062 46 0 0 22
0.036660867 2.413267572 47 0 0 23
0.114177626 2.654955706 48 0 0 24
* TSD: Total Sediment Delivered to a Stream from each Road Segment, FSD: Fillslope sediment delivery
& 09l @i -F Jgu
Table4. T-test analyses results
Ve Y e
Variable 1 Variable 2
OeSibes 0.994494834 1.057485508
Mean
“"‘fl“‘j 4.376811404 4.63495608
Variance
Slasliw ‘?L.\.u 48 48
Observations
2R Ogll (Sle 0
Hypothesized Mean Difference
Df 93
t Stat -0.144630369
P(T<=t) one-tail 0.442657845
t Critical one-tail 1.661403674
P(T<=t) two-tail 0.88531569
t Critical two-tail 1.985801814
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Abstract

Forest roads are recognized as one of the primary sources of sediment production in mountainous
watersheds. Predicting the amount of sediment they produce is crucial for effective management. The
WARSEM model, developed in the forests of the United States and used globally, is one of the most
efficient models for estimating sediment from forest roads. However, a significant limitation of this
model is the lack of fillslope data. Given the unique characteristics of the northern forests of Iran, such
as steep slopes, this study investigated the potential impact of this factor on the model's results. The
study was conducted in the third district of the Chelavand forestry project, located in the natural
resources area of Astara city in Northwestern Iran. The total length of the roads studied was 5.5 km,
divided into 48 samples with homogeneous characteristics. Essential information was collected for the
implementation of the model. The model estimated the amount of road and cutslope sediment to be
94.786 tons per kilometer per year. After incorporating information about the fillslope area, the model
was run again. The predicted amount of sediment from the fillslope area was 3.4 tons/km per year. A
t-test analysis revealed that the observed difference between the results was not significant. Therefore,
it can be concluded that adding features related to the fillslope area does not significantly affect the
final results of the model in the study area.
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