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Extended Abstract

Background: Forest roads, as crucial developmental infrastructure in forested areas, play a
significant role in the exploitation of natural resources, facilitation of transportation, and forest
management. However, the construction of these roads has several environmental impacts, the
most important of which include alterations in the hydrological regime, increased surface runoff,
reduced soil permeability, and increased erosion and sedimentation. Over time, these changes can
lead to decreased soil quality, habitat degradation, and reduced groundwater recharge, ultimately
threatening the sustainability of forest ecosystems. Given that forest roads are divided into
different sections based on topography and environmental conditions, such as the road shoulder,
road surface, and side slopes, their impact on runoff and sediment production can vary across
these sections. Therefore, quantitative and comparative assessment of these effects in different
parts of forest roads is essential for sustainable natural resource management and mitigation of
associated environmental damage. Considering the importance of this issue, the present study was
conducted in the Kouhmian-Azadshahr forest to investigate changes in runoff volumes and
sediment concentrations in different sections of a forest road.

Methods: Runoff and sediment were investigated using a rainfall simulator with one-square-
meter plots. Experiments were conducted on three sections of the forest road: the roadbed, cut
slopes, and fill slopes, with a rainfall intensity of 80 mm/hour for 32 minutes. Runoff and sediment
were measured at 4-minute intervals, and soil samples were collected for physical analysis. Initial
soil moisture was measured using an HB-2 moisture meter. After the experiment, runoff and
sediment samples were transferred to the laboratory. The collected runoff volume in the
designated areas was measured following each simulated rainfall event. Laboratory analyses
included the determination of suspended solids, measurement of sediment concentration, and
analysis of the physicochemical properties of the samples. Sediment samples were separated
using Whatman No. 42 filters and dried in an oven at 105 °C. Soil physical parameters, including
texture, organic matter content, and bulk density, were measured. Data were analyzed using the
Kolmogorov-Smirnov test to examine data normality and Levene's test to assess variance
homogeneity. To compare mean data between different road sections, the analysis of variance
(ANOVA) and the least significant difference (LSD) test were used to determine the significance
of differences in runoff and sediment yields among the sections.

Results: Runoff and sediment yields in different sections of the forest road were significantly
influenced by soil physical properties, vegetation cover, and slope gradient. The roadbed
exhibited the highest runoff volume due to high soil compaction, high bulk density, lack of
vegetation cover, and reduced permeability. In contrast, cut slopes produced the highest amount
of sediment, which was attributed to the high proportion of silt particles, steep slope, and less
vegetation cover. Fill slopes, on the other hand, had the lowest runoff and sediment yields,
potentially due to the increased percentage of vegetation cover and higher organic matter content
in these areas. During the experimental period, runoff volume on the roadbed showed a linear
increasing trend, while cut and fill slopes exhibited fluctuating changes after an initial increase,
indicating the influence of soil saturation and surface crust formation. The runoff coefficient
reached its maximum value (0.49 to 1) on the roadbed and its minimum value (0.14 to 0.51) on
the fill slopes. Changes in sediment concentration also showed different patterns; at the beginning
of the experiment, cut slopes had the highest sediment concentration, which decreased over time
due to particle settling. This trend is attributed to sediment deposition as runoff energy decreased.
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Conversely, the roadbed, due to its compacted structure and high impermeability, produced less
sediment than the cut slopes.

Conclusion: The findings of this study demonstrate that slope, vegetation cover, soil texture, and
organic matter content are the main factors affecting runoff and sediment yields in different
sections of forest roads. The results highlight the importance of appropriate road slope design,
conservation and development of vegetation cover on cut and fill slopes, and the use of sustainable
methods to reduce erosion and sedimentation. However, implementing appropriate management
practices, including increasing vegetation cover, soil stabilization, and optimal road slope design,
can mitigate negative impacts. Implementing these strategies will not only improve road stability
but also protect water and soil resources and reduce erosion. Finally, it is recommended to pay
special attention to sustainable forest road stabilization approaches in macro-level natural
resource policymaking. Furthermore, future studies using hydrological models and long-term
assessments of road construction impacts on water resource quality are recommended to ensure
sustainable management of forest roads and reduce environmental damage.

Keywords: Cut Slope, Fill Slope, Runoff, Rainfall Simulator, Roadbed, Sediment

How to Cite This Article: Moghaddami Rad, M., & Rizvandi, V. (2026). Investigation and Comparison of Runoff and
Sediment Yields in Different Sections of a Forest Road. J Watershed Manage Res, 17(1), 82-93.
DOI: 10.61882/jwmr.2026.1308



http://dx.doi.org/10.61882/jwmr.2026.1308
http://jwmr.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-18 ]

[ DOI: 10.61882/jwmr.2026.1308 ]

4

AY VE-D /Y ojlas [pmsin Jl 35l ojen oyt 4l jimghy
Eo b @lie 9 (5559WaS ke oSl
‘;w@& 93 Jlo

IR ool liske (g WSu 43 igw 9 Sy, lake dmulio g (ow )y

TGigiey dug 9 "oy oo b

(moghadami.mostafa@yahoo.com :_Jggue 08w g5) ¢yl ¢y liadS ¢ ldS” bl &3l g b @l JS o )bl (olis, I8 )
Olrl il sl (rb @lio 9 (555l pole oKl (ctimgly Cugles ain)lS Y

VEFIN L5 ol fosl VE /ALY sl g fo,b NP/ 51N bl o)l
A B AY axio

b guno 28>

‘ua.u.‘o @l;.c 5 d)bﬁbﬂg 5 @.l)‘..: & ‘uli;? d]ol.uo 5 dlmﬁl{ L;LQCA&L.;).U' BTN 5l é.g_ 019‘;"‘ 4 Jl§.> sbosls HEKEY 9 doddo
4 olee Lmoi it dex jlas o)l Jlisey (goaxie oo @l gl esls ol @last (Jls ol bss)hy IS o pie g J8g Jos Jugund
@ Wlgice Olts (nl )8 o)Ll (pljogw g Giuloyd (lise plalEl g ST (5 dd985 (Al (o CUlgy (I3l ¢ SoTglgyen 05) > Sl
K bS] (il Laes «oles 10 g (e oyw 4 Ol Dg5 B ¢ by (ool j oy (SB CurS ials el loj g5
WNgud oo i (6HUS” (elaias g odl> prlaw codly ails Al alisee (slajisu 4 oo Lalyd g 8 S olul p JKis clrosls 45 ol jl g
ol adlls g gdge (ol Cuodl a2 bl S50 Lol 5l 3L i Lame s (1alS 5 e plie Sl o e > (IS (glaodls cilisee
GlaiBy ¥ olgd 13 gy g Sllyy .88 plodl ddds Yo (b g celu )3 jio duo Av o)L wad b (65,86 slaadisly g (o)l0,815 slaadil 5 wdl>
ol L 5l o 5 58 (55501 HBD sl el b S1o eyl Caghy 30 (sglgms (a3 oo sl ST (slocigad 5 o5 Soil
3 oy cslosisas 9 lisnd aliosd 5 (S5 SIo s 5 5 4535 5 oy CBE (6,5edul (Bl 03 olize e Jols L]
wesasw (i g (Il odle il Jolis SB (o8 glayiel )y ias Sid oS ol a0 V00 glod b el p3 g 1 ¥V (aily slajils 5 )b
e oy sl o 09l 9 %maab 99 Jloy oy sy g.é,j)}ml—g_é”fw; o5l 3l ool b laodly Julos g 4556 .86000 )5 (g Sl
(LSD) s sizo cuglas J8las 50l 9 (ANOVA) il jlg Judoii 505l 5l cosls calisio (sl yisn (o Wodly Sk dunlio caps .0 plodil o il g
8 o) e g (LS Lide «SB (Snb o Sy 0l cod bl jebay ISin edly alisee la ity )3 Ggwy g bl ol e BABL
aisl s blio jd g L (6 pldets ials g LS b pac YU jogaste 59 « S oL oS5 s a1y Cllgy liee (o s 00l yiww .cudld
Cadly (picren g yieS LS u‘““?’ 5 0L e s lyd (VU liae Jods jol ) &8 00,8 Wgi 1) Gy e oyt (g 10,85
0393 Jobo 3 -2l 3blio (nl 53 it I odle 3929 5 (ALS Gy uoyd Sl Sl 4 Wi oo &5 W |y Coguwy 9 Sl Jlade (g 38 (o S
Slws Sl sl (1l38l S 3l o 3,518 9 ()0 B slaadslys (o oS Jb oy ccily las il W, ool Fow 3 Sllgy ol cinlesl
G SB lraisly o o (VB /FR) Hlade oy 4 03l iy 13 Cllgy o b ol (o dl S5 5 S glsl 150 sdiad oyl &8 i saalie
oYL oS claadsl s ‘uwlnj slawl )3 &S g ysbay wnly lis Sglite (slagSl 35 gy clale s dpw)y (<10 B +/VF) Jlido oy iaS 4
2 sl Qllgy (550 Jials §lpd Slgwy (uidds 5l U Wgy ol cdly Sials cl)d awisws Jds 4 gloj Jsb o a8 sl 1) Gawy clale jlado
20y Mg (6)opSB slaaisl 5 L duslis (3 (65508 Cowy e Y (60585 pas 5 oS Tyt Bl Jud 4 ool i ¢ blio

w0y 5 My cliee I8 (ol Jolss 51 (JToske e 5 S 8L (LS gy o o simd o (5 Ghingy ul sloadly 306 a5 et
SIS slaaislp o alS Jids dawgs g Lais codls il calio (b Cuonl psdelCusd bt ditud JKis slaodls it slajiso )
ol 38l dlox 3l cawlio (ot s igy (6384 (bl b )l ST Cawy g Gl GialS (gl ol sla ybgy 3l ealitul 5 g5, 4
cblis Cogo wdl> (o)l dgus s 0gMe o ylSaly pl gl aad Jials ]y s @l Sl Llg e ooy Cud dipy (Slib s S Couts alS ids
zle O)'l:f s Sl » (Kis ol (g5l lul slodySg) oS 2 o dloining ‘wlef 25 dalgs il d gals g SB g Ol b
dog ol mlie CutS 3 gilwodls @l Caediy o)y 9 (Sidgrd b Je il odlainl b ST ldllas ¢ pizmod .05 pS 5,8 09 a5 3y90 (b
D)5 Cypends gam ;Lo Cljlud ialS g Wi brodls sl Co e U dg o

Gl gy g 32,58 Al (gyla S il oy i ol 35S glaojly

ol g zglaw (SSL (52 s (LS by Bl b (S FPREN

S il e s bl il 4 i 33 B g
Yousefi et al., 2024; ) S5 o0 WolSKiuyj (i dxlabaslad 4
» bosls calu (Yu et al., 2024, Ferreira et al., 2024
FBy g dbl 4 oxis e sl (S slaptigsS]
68 g (e ol b slosS > MBI 5 398
Mg g il 0ad5 5 ol 59565 Uy (Al ol seons

(Kastridis, 2020, Sidle et al., 2000) s2> o ¢, cgu;

Sk o pde 3 IS clacd ey ales 5l IS (glaosls

o pd et )3 ) ohee (A 5 W9y Jladdy (b gl
bablio 5 (nj g9 ) cblis 0ad JpuS cudlyy (il sl
Grebner ef al.,) S o Wl (gomw il wle slaglmo
2021; Hernandez-Romero et al., 2022; Wemple et
S g il (Al Syee  Jbopl b (al, 2018
a5 ol Jelss Sy 4 Algie esls ) cuslial
sodly a5 wad o i daled Led Jas laorecuw)


https://doaj.org/toc/2676-461X
https://orcid.org/0009-0009-7721-1280
http://dx.doi.org/10.61882/jwmr.2026.1308
http://jwmr.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-18 ]

[ DOI: 10.61882/jwmr.2026.1308 ]

AD

X" ral?ul Sldlbs .Ji.))f u»)l)f Z‘\; u.:sl? ol d)ﬁfo)’l.ﬁl
9 19 )9 9 (Arnaez et al., 2004) - Ken 5 5] buwg
b slajluans ;| (Jordan-Lopez et al., 2009) l,\Saa
L;Lmb)‘? e L;Lbu.u?u ) d)l.:\fgg}w) 9 g..)u’) ) (ﬁl)’.
b lis o U o8 wsh ol gl 5,8 eolinl ISis
o il |y Cgw) Mg i @pe e 3 p)S VYL ke
b oodly yiw pd oddiplonl (glag S0l 5l gt plp V& B WY
oaws Sl oldl > (Zemke, 2016) Ko g gy S5
Dby g SB gg b G byl lp plieSe S (AL
9 A Gl a5 W0 L ol S ealatwl Cllgy adgi > LS
Lulyd 0 G Oluss (g o5 0l (L o Giagh o
SSidare Shp glgisly 4 e Sy SB(xdaw
» odoxie YL > (Cao et al., 2021) ) Kea 5 5 045
5 e glaodly oS5 L (i (gipmil o sladllas
ly by 5 oislosd Mo claosls il o oliad gl Jss
il (2LS by Clyss o sl gl winS ey
oobie 1 (il 8 s el (glodls aSul b ol yors ¢ gm0 i
.)I)‘_;om Ja.m?.» 4...]9] Oldleo Ul)’l 2 ‘qu » 55)'1.6 W) )&.o.m?
5 (Firoozi, 2016) (55,5 o (Moghadami rad, 2018)
Cad Gl b aS Wl i LS il HlensS ola [SKis
b & SISy 5 Slls) g (LS Jidy Sl
Pl Seoliys aallas gnnl s ol oyl 133 33l olojon
B e g S e 48T (IS laodle S g )lS 05w
O 5 gl (Jlowsl sl (5955 arodl> 5o oo sl
2 BlpgisS usul oje> 4 (Esmali Ouri ef al., 2020)
s i 5 o)L jleaws 51 ol gleodly 38l b e o)l
448 495 4 Random Forest 3 SVM asle (g8l
wil Sl 3blie dngin ) (A5 3 Sles Wilgi o (5 ¥
s X o (Safari et al., 2016) | \SKen 5 (500 ALl
2 i s e gaiso Sl pp 4 S
386 eloatslp 4 ol ol ol aizsls g il b 5 s,
St 9 9wy Gl Oyl (S Sy )3 (AL Jdyy
Cuod) amaOU;j @L} Q_ﬁl .,\Sb)f e l) ;.,L;l,) Oy b yamno
a0 gilwosls oo ol p3U (il ) ol by
L (Parsakhoo et al, 2014) . )Ken 5 ¢olo,b siiwn
ot 4 (e slaedls 3 SEDMODL  Juo 5l elic!
o) sl Jled e S o elosls s 5 36 il
|y tliomsy @Vl il b sblie Y € b condly adlas
w2ld pde ySereal slp ) el IRl g LS @L*’L“’
Gholami ) o, Kan g e Laugs a5 cladllas bl 5.3,
ST ooy iyl caliseo slagSl 51 s plol (et al., 2018
ul)l) )L»M )‘ o3l L’ ‘C:)f uuL:.O.a ) ;.JU‘” W)..o 9 ;.JL;‘})
Lol o ke g cnl 5 085 )8 (bl 3)9e
loysio g 15 (gjlodnd Cglite (sl 5 Jloj sy
ol gylel Jubs uls .y )5 d,::fb)"—ﬁl by (SSids)ln
«2llyy £955 ploj 3 S dre 8B (SH)L slagSl &5 0l
(A7 bl pdaw 53) wizdly Gllyy cups 5 Slly, o
Sllyy £9y8 53 2B p i b gl CaB LT (ool w090
el YU ol cas b oS I 665 &S Jb > by slas |y
ol cadly olena |y Qlly) oo 5 oo Glie cn i Mo
38> siledde 3 )l 03 Sloj @i G Cueal  laaidly
oS sl ol AST ool sl > Sllgy s,

G930, 93y oado

Az ooly calisie (slaisy )3 w9 blg) Hlade duslie g (ow)y

K slaosls oS Sloaly L palis jobo 4y dsie Cldllas

5 o S o 4 At s bl (S8l ol mato K
Brown et al., ) sm 0 )8 150 cod | piumwsST Codls v
(2l Libe bis (2015; Jourgholami et al., 2020
Jelse (et 3l 0ol (sl )lS' ot pas g datels ()l s
Zhao et al., 2022; Fidelus-) siwa L) opl siis
5l sl oYM ¢ pimen (Orzechowska et al., 2025
ool g i o2 2|y iy Ol ©2lke syl osl>
Wemple et al., 2018; ) xS o 405 1y b joo 9 By
3,51 elaaiels cdd (i)b baylys )3 (Remo & Giri, 2024
A g gldlads ol y3 ¢ glodgd IS o dtine by ol 5 g
Sadeghi ef al.,, 2022, ) s aslisg, 4 Show, oAb
cowd Jadoy 50 s b el ol ol (Cao et al., 2021
Yu et al, ) sales ohwp; SB o505 ¢ ol UK
2l Jide devg pac (2024, Laudon et al, 2016
il o Lialoyd 015 Slge bosls 4l s blis
Ot il da b (alS Jidg 1 ams Gllll) (6518 o)
W Wl Gle blis 48 Ul gl 2588
» & ol sess L (Kastridis, 2020; Zhao et al., 2023)
plsl SB[l jd JyiS (sl los S Sloladl (65)5LiS 059>
Olzed (618w 5 inluwyd 0 ISis slaosls phaw cdilosds
A3 o 390 ol psbas (Olnl )3 o (3ble I (gl
5l s sleesls (Yousefi et al., 2024) cuwl 48,5
Slosds LS5 3y S5 g (g lis (slo JUIS odly st siilo ol
I sslome saaling, 5 oole o Ysame 356 slacus o
Sl e @ wle Cople pas Sjgo g NlBS
Cao et al, 2021;) Nad o bodd madtan oljcigum,
&l il sla s, (Hernandez-Romero et al., 2022
Gl & di Loy, ol &5 305 3935 S gl b (5505l
slcudgize 4 axgi b s Cglate jlidyge By 4 ol
Gipl slaoie 3ble Il S35 Sy e
5 wallas sl e Sal3l 1 (Ko lsisas Gk (slajlond
Sloszg oSl 01 LS Ll > il s sloaz]3 sl Jso
(Sadeghi, 2010) wlos)s" by (Sjedg)id slayimghy 5
bylyd QU3 > placglds sad gjlwand 5 (rmb (B)l 42 )5
4 o)k slajluans LI (Arnaez et al., 2007) kb Sl
sly el SRl LSS g pglis o JymS Sl W
lodls s394 (Kanl bl ;3 gy kb, i b
Nolan et al., 1997; Foster et ) $ob o cuone K
Moghadami Rad et al., ) J,Ken 45, odis (al., 2000
2y Kbl 5l ape y20 ) My b Lol 5l eslizl | (2013
OLis ol g 202) gy 031>y W gy 5 Sy, (e
P gy 9 SUlgy I3l 69y 61> (dxe ST S5 oS 0l
Ziegler et al.,) ;) Se2 5 55 sl  Sladllas .cuily osls
loodls 53 Cgwy g SUlsy g5 plyis b odmgyy (2000
Sl 5 oolizol b o Jad S 53 (65)sliS el ppune 5 i
Sllsy 35 Cgwy cdale sl Jolo o a8 woby olis o)L
PV & olej 535 53 g gt 3 )8 Vel e 4 Cudlys
s il s a8 ol s aalllas o).l ials 2 )
g2 il il oty (LS Gibsy g gsbaw 50 9 (S ST
5,6y jlwdans G 5l (Hamed et al., 2002) ,)Son 5 sol>
Ll @ls g 68 edlatel b Lulyd (giloand ol
099 5B VA oyl 0> Sy 5l gy slasySosl
slodly b oawlis jo 1) (gilwaws cdy gl 608 awlis


http://dx.doi.org/10.61882/jwmr.2026.1308
http://jwmr.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-18 ]

[ DOI: 10.61882/jwmr.2026.1308 ]

A

K93 93y (oddo

sbodly Jaswecuw; @Il Gials 0 558 (655 paenal

g 9 3190
) 390 dilaie

o35> 33 BB YEVY 1 all slus b lansS (o) ulSis )b
(Olosio gols k) 158 Jlad (glo IS Sloged ) A e
sl 0 g8l 155 — el sl xasbs qubio JS 00 0555
iy lhengS Galingy 4 Jlod Sl JlonsS oy () JS2)
Tk @ o g oge S g oble jexls ollfol
e sg3m0 ooy 5 JAlSEx 25 & 3y 5 Sl 5 alSi
DOV L A0 Y ¥y adlllas 360 dilate Sl Jobo
ool @8ly Jlas YT LYYV o o Sl oye
dysl il e cbgl a g po adhaie 35,5 (sl 4365 ales |
GaisS §1 5 o)lal SOk 5 syl cgrin dSus (Lo
ek jl g Sy 9 S5l 4 ol aihate > A (slases
ST oSS gl & e S sl 5 e slasisS
S el ooy 5,5 0Ll W1 Y sl izl 5 e (5688
A e B0 dgas bye &S Miws JKin Lol g4 5 adlais
dule g (55 glas g9 il adlllas 390 adlaio glaodls ) paw
ol Juo > gio oo Voo K (] jo Y93 lawgio Hlade Cuwl
{(Anonymus, 2010)

4000\
L

3S00N
L

000N
s

0N 25°00°N
f f

370N
f

V0 /Y oyloid [pmsin Jlo sl 0jg> o pte dal yimgs

45" woby olas (Parsakhoo ef al., 2023) o, Ken 5 g3lu)l
Ol 4 o ( sblas gl lows 3l oolitul pas o (Sl cond
Laazsly Ot'.l s ool LS slss 5! 9> Cow) Jhlize
5 ol @lio Hlub copte 31y ool clip) (SS& Jllow ool
ul)K.o.ib 9 c)l)ua‘)ﬁ)% 5%‘-@3 2 A))L»L;o Al Sk
5,559, b g3, (Pourfarrashzadeh et al, 2025)
Sl > aboj JSiz o sl (i (Soigshygnsis Se3oS]
Ade (58 (o jl g a8 €5 GRIBIL pudtene 5body Lnosl
oS 5ol s e ylol gjloJao b oyl gy aye alS
ot § Olyuss ) alS Jale SO (S slaodls jgas
ile 4yt clalpl 5l g pS oy b Clidos plol pl

oo Sy slp il Gaoie sladde 5 G5k bajluans
So9re (IR Slapiunss] 13 G 0gw) 5 Slly) Seelid
JoS g 383 5565 pioy ol slacysly jl (Se e
@il s i) S gledls e gl o Sles
Sloded 1 ol slaoals 1 oslaiwl b loee ygo @y (3,815
S 8 (LB Slalllas 1 (goly B 2 B9y ol el 3L
9 SSE il Sl cslaislyyy glools 4 IS gy 4
slp o8 WS @al 1 by g gy Lite J S
osl> el (S g (b )3 (hpde S pSpreas
Rahbarisisakht et al., 2025; Kantartzis ) cosl died ;)|
S8 3,550y 1 3 pes b gy opl o opl o (et al., 2021
Syt 3 Ao J5 & s leo e 5 (laee csloesly 3l 5

874000 877000

T = T
600K 871000

Oyl asdllas 550 ddlaio i - S5
Figure 1. The map of the study area, Iran

Manning, ) s)ls |y (ceebs 3 o Joo Voo 1) Caliseo (slaojls
yo ¥ ol gla)) 5 Log e J5U (20215 Zemke, 2016
slal cual & g b bl b cual o) maw 4 Gy
Fo ¥ agae O B J3b She el)) dewd (pej 595 (95uls
285 plosl )85 i b )k ol (B1eSe L aS 03,5 350
dbml g Sy, Mg s 5l &5 abapsls ()b (silwand <l
)5 )18 Hlai o Al gyt 305 5 Conotl gy 5 a3
A+ oadJles! 5,b s (Sheykh Rabiee et al., 2011)
Jolee oS i Oloail 4dds YV il e g el e o

oiRg3 el Ly,
5 Ulyy Hlde alie 5 (pSojlul jolateds adlllae cpl )
radily sy iy Jold (S odl> il (la iz g
e Jes BB o)l leand 3l S5 g psSB
ol8iily oz Mol a5es) 4wl cilw Deltalab EID 330
P Sk siloded 6y (OB (b @lie 5 (5jpslaS psle
Shahriari &) a5 ol sas S lals
Jib b il gg 5l ol&iws ol (Moghaddamirad, 2018

P eSleSo Gad b (SH)b g ollg g cals Selad (g e


http://dx.doi.org/10.61882/jwmr.2026.1308
http://jwmr.sanru.ac.ir/article-1-1308-en.html

[ Downloaded from jwmr.sanru.ac.ir on 2026-07-18 ]

[ DOI: 10.61882/jwmr.2026.1308 ]

AY

Sllgy 5, 3lgise 5 A i claosls 5 s50] (cloojo>
ol gl iy a8 Sl g pslas Ll o 1) S il b g
&5 i)l slr @y ol plysa AL ©de g
ul?w] dlbb‘.} alise L;Lbuoo 20 gy A:Jy 9 ;.:Ulj) oo
Comd 9 63503100 3o LMy o5l (293 Uy, o 35
o A5 dsle ool iSu ya gl (SH)L e 4

31,5 5l a3 )3 Vo (slod 53 g gl oKawd )3 Ligas) L;Lmd.;,w
b ladiges e cpl 5l G i8S )13 5,8l S e &
Bab oiy ple Soocdy b Jlemy @aily 1 eolil
o Jnlg 2 35 (sg5 Ggusy JS Hlide (Manning, 2021)
iz Sloj slaojl )0 ol 6,505l polae abzes &b
s J5 gy g2 LS plgiedr e pte So O slie g
S piges (ST s Shy b5yl slp 85 51,8 oolitl 3,90
sl b g el Ve Job b o0V s (ol yails 5l odlisl |

Lg S L;)AUo up}a.am )9 ol » g,é)s Oy )ML;\JL»\J b
Blake & Hartge, 1986; Davari ) ué o (gyhilow (b,

ol b g (5 yiog hum SuwMS” (g4 SB il (et al., 2024
céS 5 o 3y USDA  sjubl  elol
ook 5 J el i 4 (Bouyoucos, 1962)
Oisy S lgieds lismen &5 W pes Walkley—Black
Walkley & ) 55500 ;54 (wlsSE cllles )3 5 luikl
sl 5l edlil L laedh e Jloy (Black, 1934
(Geissen et al.,) 335 (wyp Bgipmoml —89)550)5S
Levene’s ) o9l oyl jl oolitwl b 55 by il )l s ol (2009
9 3 bog)S G Coll (g Cap 23S (o) (Test

(Behboodian, 2010) 1 eslitwl (g5 dme cglas slas

G930 93y (odo
Az ooly calisie (slaisy )3 w9 blg) Hlade duslie g (ow)y

Jelos b g o cpl sl @pa i gl YYIEY (nans 31
F 1Y )l oslaiwl b 9 )'9.\Jl$a.)93 L;wlmul}m oKt d)LJ L;Lmo.)l.)
gl el o YO cuiSilojea b (Su)b sln ¥ ol (g o)
sl 4 aiwlejl oM (Kavian er al., 2011) w5
i 03l ilisee glaisn )3 (g o)lpd b @pe po ) X )
A.w.:b; ‘L;QL; gy 4815 9 o.\.ﬁo.\ﬂ; SB L ool g 10D
o3y 35S c0niSTy alS idde g A5 s gl)b gyl pSE
b bl 5 el (oS Ll e 5 medlo (gl
w}\o) 9 u_\mm Y )I u_‘)lf ol ‘uL.S; M o>
Oy Caglo) (5l (53l ST 51 Gty b s i 4l
HB-2 zuwcugb; ol jl oslitwl b osls iy dw p» SB
L (b o ol iou aw 1 gl G 9 4d (55505l
ol S y2 3 (g Clly) ylade 3T site LSy Cugh)
oyl odlil L 5 Sl (g oo 31 5SS
gledl Al 53 gy 5 Slyy Cundy oy ln (Y JS3) 2
b S B ¥ e Cllyy 9 09 4k VY (gilwand (loj S
9 B40,5 Jae ombﬂ 4 bdigel sdi 5l BrRee ‘5)51&4?
Blo 5 Ul sadiged joue 5l g GMF gy ke
Cllyy cops cdllan cpl (o (Y JSE) dol Casady FY yeily
2083y ()b JS e 4 g Oy o S sy
Nicosia et al., ) 1 duoloe (@yo yio V Clune b) &M o
celu y yio e A 015 Jlas] o)k @0 o oyl el 2024
FYIEY 590 2005 i)l Jolro &S Wdg 4By Yo i)l o o
slasline ol 3 (SH)b e g Al sl S 1
5 oS Sl Sobles b 303 ] ity lliae 5 5
S 1y gwy 5 SUlgy g5 iy (i & 23l Sl
Sl Gle lulyd Gy (Sjgdgyn jlai 5l alagh)l o

Slo 2 51Ul jee g (K ol (532 S B Al (59 Sloghl ]yl -V S
Figure 2. Installation of the rainwater collection system on the excavated soil trench of the forest road and the passage
of runoff through the filter paper
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Table 1. A comparison of the average physical properties of various sections of the road in the experimental plots
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Figure 3. Changes in the average runoff over a 32-minute period in three road sections (M Roadbed runoff,&
Excavation trench runoff, and @ Embankment trench runoff).
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Figure 4. Changes in the average concentration of produced sediment (g/L) over a 32-minute period in three road
sections (M Roadbed runoff,& Excavation trench runoff, and @ Embankment trench runoff).
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all simulations (M Roadbed runoff,& Excavation trench runoff, and ¢ Embankment trench runoff).
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