10.22034/ijf.2022.317309.1823:DO) Jiazmss 4wl ol LS a ool IS dne

ﬂ 20.1001.1.20086113.1401.14.4.5.7:(DOR) Jlezys awlis VEY s oF 6Lt (uo oz Jlo
FEY-FY0 o
;':.j_u_? it ‘:‘:“”izé’ Wlio

(IR B 5,15 120 542 (S W039 3 wigmy 9 DUlyy MdeT 3 Fge Jelge (glwde g (2lwlins
T ilgrhn 5 phnz il o oM g (G el 7yl oy

Al dpsdngs (LS o8NS ¢ s mulie 80Kl g MKis 05,5 o5 5SS (gommiils’
Sl dymdnago (LS olKils ¢ e mulin 80Ssls (5 lalSix 09,5 liwl”

Sl dywdango (LS olKils sk mulio 80Sails s lo ol § &0 09,5 Lsls”
Ol el oKls rmds wolie 50ty ( liwnsS 5 S sblie bl o9, )| aalid IS & gol ils”

OF YN G dy g5 )V Fe eV N il s 2o ,b)

R

Y8 5 gy 5 Ulg, Aiges ot (s Sy oo b (oloedly 5l oolital b Cogesy 5 SUls; 2 (65l 000 3l Simgh cnl 5
il do jodaiedn ol Slasl wall dalais § (g I o o Ao ye alize glociond jo Loy il apd e ¥ o ) olal 4y OO
Sl a0 Ve g il gl Laosls oo, £O .o eoliwl (Multi Layer Perceptron) MLP asYois g i p &b
oddgilwaige sl Jas b o dlie uzmen g Jow Como b)) gl b eols (plais! aejl a4y osls asjo YO 5 riwcors
(MAE) G lhs sllas (:Sle 5 RMSE) Lo Sl o (50l yir «RSAN (e 52 )bl slolons 51l 5 (93T (2, b
51 ool l b ANN Al gas o0 jludnds Cgmy 9 Slly, polie ol solitwl Sledbl 5 glanz S0 don ;5 GIS 51 o solaw!
Jhcie coad (i Gals (S pgase oy wobly, adgr 1o Jeles o et aS Ol lid bl ab eolatul anis ode 0 GIS
Gl doyd 5wl w0 yd (S pgate o2 )l Db T Sa s Sl 5 (2B Glsy de )0 5 ale de deys ()L
D IAY g o fo N gesl A e 0 g /R g o)A CS P higel Al e j0 Ol sileJow 5l Jel> R g MSE jolie .ol ale
A oS ols ylid molis gy A 9 FIY eyl Al e j0 5 JAF g /o) gl Al e 40 Ggay (g5l Joe 5l Jol> R g MSE j,0lie
gy polie Lid g 0ol g ,mSojlal polie Sligeen JJUT o jls IS 1) 50 Camy g Slly, giloJoe 4o (cmbio S8 oac
5 &ilwass ;3 GIS g ANN 5.8l b oausadl)] Jow 51 oylg5 o el pli w0,ls CIYs saisall )l g, 5 gl o5 «oo p 5 Sllg,

2,5 oolatwl Kz 3ble 0 g, g bl (g5le Jow

olie Liglidl g LS ST iy dais mals Aoddio

Megahan, 1972; Jordan & ) sgi o olly, o1, 81 59,5 « YT ile 5l solaiwl ¢ 3Lussl>

‘6)“>)—.‘°J—€d Sy9—0 d‘J"L—‘" I .(Martinez, 2008 J_p_,SJA_', M_el_,)_,) a8 QL?g_il 3 aalaio " )“3)-3")-9:.’

SLid g ol oo YT pile wlgol ol 8 jga
Fathi et al., 2021; Zhao et al., ) Lyl ()59 51 b
Bi> § 35,0 b 2alS izen o (2019
Ding etal., 2022; Li) iz mhow jo ale s

Cnl JKi> 50 0oz (610,00, Lol slasls )
Mceachran et al., 2018; Etehadi et al., 2018; )
(Cambi et al., 2017; Jourgholami et al., 2017

i) 50 (oSS e SUISl oyl 51 o0l

pejman_d67@yahoo.com: .|

FANNATAF AL s ule ojlad

Jss B3si ”



fY5 FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

oy 5 oLl (53lwand sl SWAT' Jas
aS ol s iegim ol gl ol cola !
ol (S b 50 sss Joa gl pe e
SUly, polie (il o S osase >
sy % onlj ,o Shinohara et al. (2019) .54 o
rolie 55 aly; 2 5 StV (LS by b
Vsl sk cnay aSlyy SUlyy 5 s,
Dy 3 b Slly, s pslaez lp e Y50 e
S Y as oy lid yregh ol gl ol eolatul
syt o Glaed yo SLs s &Y
sl gy 5 Sllg; p3lie )o 5o Jele (n etee
JX= 5l 618,00 40 Jourgholami et al. (2018)
Sl by 5 o S 3 0l Sl
2 K SCielg s s Al 50 9 WS (o
5 SOl mo e 3 (U HLid g b e et e
g9 AV Sl p (izmed 5 S pdyded ralS
sy Gemzmen 5 U, Rl e (elans
Gholami et al. .og- o 00is 50,0 500 3blio
e—as 3 3dl LS (o, 2 4 (2019)
St 3o (b8l Ml p (29t
bolawl L aS a8 5 a ol g oS, ole,d
S0 5 GIS g ANN aiad 0 15l 60 51 lojean
2 Ll e LS 48 05 e 00938l plaS ya
Etehadi .5 ls o ,0 plaS jo 3l 152 solawl Lilie
25U g K> ,0 —dwgh o et al. (2018)
A0S sy s ey 5 Sl e 551 0 4
B )3 (e e ¥ sla Il ¢ olaie cnl sl
9 (SISm0t pao) el dilate g3 )3 S5 e
o Al 93 50 (L0 TS ) 005,10 o5
G gl ol sl a0 Ye-Fe gas s oY
cbale 5 SUly, s «olily, i 457 ols oyl
S L U g g S D)
by s Cpeiman sl dls filate 51 iy

3. Soil and Water Assessment Tool (SWAT)

Dalir et ) aalate )0 5 ,.5Y ol 4 (etal., 2011
ol sy 5 SUls, alidl e 5l qal., 2015
Sl 5o S Jsles A 0 ool o Rangh
silie 5o Jalge g wles S 3ol Do 9 Ul

Grace, 2002; YU ) wilos jols 350 divey ol o 1)

et al., 2003; Grismer & Hogan, 2005; Foltz &
Wagenbrenner, 2010; Dalir et al., 2014; Dalir

—as 4S5 (et al., 2015a,b; Dalir et al., 2021
5 ilwdie o a5 )l CANN) esias
Maire et al., ) cewl oo sla al,b 5,60,
.(2000; Riad et al., 2004; Gholami et al., 2019
5 &0y Dogen |y mls Wl oes 4l ol Ll
@S 65 4 ggdge (nl &5 ms &Ll (SCSIS
oS (e 9ga5ma 9 ,l9ds laastie pses lp |,
bl GIST) olél i Sledlbl pinw 3,k
Sl S slaosls i5ls g Sy pae ;o diad 08
Oles laad ailelw ol Ll (Talebi et al., 2022)
slodo— g2l (So5d slagilw o
Gholami et al., 2021; ) cwl)ls 1) oas b ,Lael
ol (Ebrahimi, 2017; Jokar et al., 2013
9 Ey—an smas 4D belll 3a6 L ol s
1, 3o sl doe mbs o oldlim Sledlbl g
Slisdos 3,5 sl @ poirn) (SIS &0
woy 5 2lloy y2 (650 0 4 )‘“"L’ o) ) (Al
Rachelsetal. .cwl a3 8 sloul calize bl ,o
3335 = iz oloy JUT (o 2 4y (2020)
Sopde P9 e lelid 9 b ol 4 cge)
alo s gouls a5 (g5l o o Sl ials o
3,50 il Al 30 gy Jol pio 4
30 g Loanls s g a3, 5,la00 (510 y0 o
g 50 e Jele (n et aiiws lacol> Zole
Kazemi et al. .cowl ale jids cubls ycogm,
S5m0y ;3G 39, Sk JKi> Log> 4o (2019)

S oegh el 50 30,8 pwyp |y g,y g g,

1. Artificial Neural Network
2. Geographic Information System



Sz 8086 )10 p0 40 Sosy gy 5 Slls; ades o S Jeles sile e 5 alulis fYy

1) 9 olge

Olymean @Mt Loz e Shogly ddlate
aS ashie fyed 3l L850 g 0dlh6,l0 o gy ddlate
wall ddhio floicd sl sadcblas> &g
5 S Sl 3,8 )0 ol jeiul Ao> )0 s
277 Ol S B399 Cunl JSalow (liw ol o
Cowl LS YO+ 5 Joiiis 5 09,5 &il50g, s
S mle 5 6 ol Llaseiul §)5> 5> 5
ol s il Gl 5o 358 o geine
¥A% 9. Y0 oY Job o UtM' Slatste wiag
wly Jes FVC AL F AT e sy B0
g =0 YA JBlas ashie olay)ogus> ol
das ) Sl aeul o w5l e VFO . sSTas
BVLe 5k Lawgie ams oo plis | gl ddlais
aibhie w8l Cul ;e Lo VY-V sgu> ailaie
2 Sl osb e (LB g5 5l legs by bl
2 Bz sl e g Al Lagtagsy (bl
Boes asy oljails s, BB 50 VYOF Lo 5l dilae
B 4y )L sgae )b VYVE Jlo o g 5Ll aly
&l oodoslat sl YT ile o &8l 5SS
9 &hd sl 5590 o)) el adlaie 13 (515 0 50
Jeom sl i 5 5515 Sl s Lt
Sllgs lawgy Oleghio 5l iduy 0g OY s>
A5 o (b Lawgs i)

plml (5SS gy & s cnl 5o )l e e
Jlw 03 b 3 g coils oo Canl 4335
ol St e VWALV lad saos )b (61>
SlaaisS ah S b $397 g0 5l a0 TIAP
«((Fagus orientalis Lipsky.) il, aglie =50
ol ;o slaassS 4 (Carpinus betulus L.) j, o
Alnus glutinosa (L) ) M ud lSwg i
Alnus subcordata ) 3, S g 9 (Gaertn,
Il glazes o sloaiss Lk .ol (C.AMey.

1. Universal Transverse Mercator

5 Sl ke o aS ol las Seew )5, il ls
O L YU C P L Vg i PR K-
2 4o —iig’ ,o Khazayi et al. (2013)
g ooy Ol esliiwl L S ol 8,9, 40
Al 0,lg 0 do jo a5 s S Lo bl 4 azgi b
5 S8 ;500 sl Jue 4y Cond Lgian gmac
Sls S ol glwand 10 (6 b S
walizee Gldlao 9O (EFean mak Al )‘ oolawl

=l glaJlw o as cenl w5 g was s,
Uepgs— (Dalir et al., 2022; Zema et al., 2020)
Sl Erman mac A0l coliiul i) o
Goloio LIl as ol Jlal saii g lo p0 40
gl g 040 ;oS el 485 108 610 1o o
9 Foae oras A0S 386 QUlg o) n cnlnle
dbt_a..c )é ‘:L_d‘].x} ol C)Ua‘ r;;

E25 Ol Jod G Iz o eadig oo e
2 S e sl ol (s n s Ragh 55550
shas cel glalbvggelsniz 855k Sl o]
eSS dne el o5 (shoig Conon
5 gloaileog; (as S gheinj sl el
Jol 0z ge Jamaann; Bl S5 5 VL
g Syl Co pie ok plie Cunle ;0 i
Uy, gadge ol milio ] 55 caniliol lacdlss
9 bl Slegdga 5l Gblie (ol 10 9 4
Olpame g ol iegh o Wb aS sl Coenll
2 P Jolge lolid (o) (pl Bam 05 )3
9 &I m0 e 8590 Bblie 5l gm) 5 Sl wy
Sy 9 Uy )3 S5 Jelse (il o rizeen
5l ol blia sl el g e
g 2Ll de; yo (ARiz 3blis sl jluasss

Ll Grpgh ol S50 Blaal 5l G,



FYA PR YD doio NP+ lins) oF 8,Le bz Jlo el SLISir ozl ool S Al

S—Jg F,— «(Mespilus  germanica L.)

YO - adhin 2L iide hhwgie .l iy S—Jg ol—w 4 (Crataegus monogyna Jacg.)
Cewl Qo yo (Crataegus pentayna Waldst. et Kit. (willd.)
368000 376000 384000 392000 400000 408000
280000 3Js0000 440000 S20000 N
5 ) - Legend
§ 4 \\<¢,L
S Boundar:
1:80,000 Cs —
& 0 12 4 6 3 R Riveic z
g i Caspian sea i UTI SrIWGsed /N Road g
g
g
g 280“0« lelill szJuw
z
; - Study area §
'

o
S
S
&
®
=
-

384000

392000

Dol dalaie s ) S
Figure 1. Location of the study area

dibie Glymed gl po g W31 Bblie )5 Grizeen
XSt s sl gy 5 SUls, bl wals
3 2y 9 Sllsy (6l paiges Slaldly 5l slaiges
el o Joe jo e oo (LA ) gl ddlase
5l ookl Ly SLs dgai ooiislas] clacdl
Vgl 5 0 b ey SLS (g o pmises jailen
e 5l SL &gl 0¥ Jlade (izees 5 o Lo
slaisle;] 6l SB w6 e gl V- 5O
aJgl ()59 «(Zenner et al., 2007) wis il p S

5 6L pgats (159 5l n lp S sladiges
L ”"l.oﬂ‘\_ga\_sw poss 9 I Sl S Cughs
Sl dges p,5 00 sloslaul Lol &
S il wlfigles] 1o Ve 5)leds S 5l 00,5 gue

b gy 9 Dby o piges gl Iyl d9ais
lymo O ;l eslaw!
bl 13 Cg—) 9 SlSly; (s 2 Sl—
Sy 5 2Ulgy 6y9laez Sl 0l o
A Al e b Sz 0 e Y ) ol 4
slace—d o Lad, (Shinohara et al., 2019)
O VP o wlas S oglaie sbo S
A= = A Slosl adlaie 3O Loy g g..:uj)
dghio sloadi—ud sl o bolad Lacd
e GRST 5 0392 (5 S )0 008051 0 40
5 oUly, polbe .o il arils 5,LS sbhaxly yo
by Al LS, ml8s ln oddiadsi s,
A B e 4 g 6yl e O slas lgo



S 806 )18 po e srodys | gy 9 Sl ade jo S5 Jelse 5l 5 olulis fra

sLaosls 5 La s,k 4 bgs o slaeols (et al., 2021
s Joo 50 puiiias (6 S ojll 5l oolaul b ol
CRINETENCIN R ISRV R
5 Uy lwdae gl 0 g pslamez Sioghy
ol sleosls alax 5l daosls £45 g dlawd g,
sl 5 sy onl sl ol 55 bl cemlin
L Ll eols (59, ool sbosb b el paiges 8,99
Sblie ;o SUly) e9g Lulpd 9 398 Cud)bs &y ax g
SUlg,; sloml o (AL Axdly aw slaws e (IS
o=l am ey o 58 Gl b RS oplal B
5 ollg, 0als VoA goazme 10 g i odiwy Slass
ok Axdly dw b S5 ulidie ;0 M TP 5l g,
A1 VIV dayls 3o ya oo YO 5 TV 00 e |
Slasein ) Jyoz del Cassty AN VA 5 481NV

P o> oS ez (Bander, 1986
Gee) ub 0,9l p oBiule;l o S Cugh, 9 (0l
o=l ,o (& Bander, 1986; Reichert et al., 2018
s )V 50 ) Ol eslainl b Sl e oD
Y e «(Li et all,, 2014) uis o35 5 cils
J8le s g Jlwms wSe loslaial Ly og—oge
(Y JSKS) w650l sl zus
S s 3 (—2S097 Sl s ool 3
om i oy p Gblie cpl jo O Slaxl g, Jle
o 35 50 97 se gy 9 Ul polie LS 5o
Ay 00 gl ar Adgad 5 0l e S0 b
Gy p b 5l ooli ol Ly g sl Uil o8 _iylos]

ool wl b ol (6,8 03lasl Glls,y w5 S0l
oDl g 5l Slly) (Blo 3 g (iias b,

Sikgh 5 eadeolaiwl sla i )b lade 5 e wod Slasine - Joo
Table 1. rainfall intensity, duration and rainfall values used in the study

olaas Grogshes) () Hlode (el p oidee) oyl ol &b (celo) o)k s
Numbers Rainfall values (mm) Rainfall intensity (mm/h) Date Rainfall duration (h)
: o ST s
z < R DA
3 2 20160125 '

gy Olifgns BERLY
noff and Sediment plots:

Al Vo) ygten Yo T
. i 3
~- Reservoir: (20Liter)

Cowy 5 Pllsy 6 pSoslul Glacdly &ges -V IS
Figuer 2. A view of the plots used for runoff and sediment measurement



fr FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

o

File Edit View Format Image Binary Tools Window Help

EEHS am ¥B o saAs X"
[N Le—=ALAGOO0o00 x e I N5 ;) Wl | O %3

Digimizer

51 & Zoom:| 25 %

QaQd )
5 X || Measuremerts list
Measurem... Area Perime.. Length  Angle  Radius Unit
Jsb 0717 m

25 6 0jll o il VY (gegn 4 Goe poal (nl 3 Gnlams Sl 50 (gagn &Y (Bee 6 pTojlul T JSS
Figuer 3. Humus depth masurment in digimizer software, in this picture humus depth was measured 0.71 centimeter

oy Vo hygel (5l do 0 PO 3990 golie bl
a8 S 54 ogel (glp e )0 YO 5 ortwions gl
Gholame et al., 2015; Krishna et al., 2008 ) s_a
5 @bl 00903l 5 (isel @l @b
5 e 55k gy et 58 i
sy sl ed S o903l b 5 ) (g9 ol
pooe 53053k gy o Selgnmen il JUil &b L
dan > o ol sl o el Casods V9,98 ol g
A s Lagmes o 00 g o (glo Sy
oS ay by (6lo T dan 0 (GIS) Ll 3
<35 olodil ArcGIS g NeuroSolutions sbsl58ls 3

b Uy, (sl oS

bl yaey sloaids l oolaiwl L s dl> e o
PRPREW S0 | = V) FARCR S PSS W] 40
i Lo ;0 ()] (g ioed) by loasss
5 i a5 leasly anss oLélss Sl
il bacs olulis )l azls VW asss )
5 pllis Sl Sllas b b oo ol ol Slaizrs
S 9 aest e (S Cagb) (S (ogate

Al dpy S

(E a0 (omas A5 jlesliiwl b (g5l

5 Laedly 5l Jeols osdly yolie 5l eslizul b
9 Ul ke )5 S5e Jelse 5l plaS o jlade csls
—as A Sl eslaul b Glagy ddlaie 10 g,
52Uy ilwdnd Joo 5 S 5 (n e (e yan
A5 glebd g ile e o,

MLP Yotz (g9 p 85 I Guon nl 5o
Jy—3le — la s ;o (Multi  Layer Perceptron)
(Gholami et al., 2019) o5 oolaws! NeuroSolutions
97 Olysan o) 5 Ul polie jslae cno
Slaeany o] ) f5e Jlse 5 (Aily jiie) &0
(ile bgy wuoyd )k Db ()L jlade) baissy g
() oS ()8 (wgagn gl i)l (bl wo)s
slalols 5 oole 5l alols ( pgasie p ) o cdsle
5 O3l g, 3l esliil Ly o oolinl oS (L
laoals s aw 4 diges b lools S g Uas
Cross ) oo slaosls (Training) ;s
g ksl (Test) (951 slaesls ¢ (Validation
3l o= (Gholami et al., 2019) o_& -pss aSs
5 Frwiono J e @b (sjlwate 5 el
sols LS, b T alowl aSes ol Lael b yg05]



S 806 )18 po e srodys | gy 9 Sl ade jo S5 Jelse 5l 5 olulis AR

€5 9 o (OS50 2l el )l ans (S 3blie g
dilaie e Gilg oyd (pizmes 5 (550 sladisS
Py Al polal Wb ans ddlaie IS gly gl
il g (2 g (ile g (S1E ogate

JOW PRV S SRS

o000

stosoan

f
]
H
Al gleal
Legend
g ¥ ok
H Plol location

N Rosd  asts

(GICMT) o peane o
Bulk density

.
W (191
T2 v [ e
(5] e [
[T35] ve
[
R R
-

v
3

™

o

oo

ko

v

a1soom

arwam

atuen

aawn

-

9 Omy SER 3, «slo gl yslai leslaial L

PLS Gy 0o 5 cod il ol o Dlalllae
3 il fpl cuS 5 L 5 dl> e cpl )0 g angd adlais
g ozl ooz ol e Sledbl i laors
Wb gy MKl oo Glie @l e Slles b
035 o po e Bblio yo (L0 (U Giligy wo o

1w atiam ok

ey

AL glaal,
Legend

o

* Ny et
Plos loeation *

A/ Road  esla

Slope (1) s

.
o wr
T ES RS
B 040 Tt
- W60 Feope
I sx oA

| 12 aav

o

sowan 900 a0 samo

stoso

atniann

aosnn

wbids gloialy
Legend
0l Sasabe
Plot location
NS Ross  ase

(1) e i
CGirass cover

atcuonn

= .
o B¢
- ) v
| K4
-
.
H o
LR
U0 v = v
S N~

Py 1:25.000

— I pr— — 56
85 | A o 0s 1 27 3
” =] v svasst
§ as0an 92000 soian s
(=)
[(§)

amom

o

i

e

oo

o0

anvn

Az

o

wwm

naome.

o

o

otom

o

K ———— m—
— o 05 1 2 a

UTM_I9%:WOGSHE

anions

o, wiow rion v

(%)

Figuer 4. A: Slope map, B: Soil Bulk density map, C: Canopy cover map and D: Grass cover map



FrY FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

Slasye 5eSilie ,d d(RSAN (e o 5 o]
(MAE") g llas slls Sl o (RMSE') Las
A eolawl

SUly, sl asd )b gilwdoe @b
oyl JLasl el b gmpe o 50 Sid cns
V O9)9 olasi 5 pailion (S0l by, « S g e
NPWE PR ETNIWRIP- FUFIPL G VE= WIS VY ILINR S
«Sdgr e SlB0 Ul @B b e e y0 05
Swddn ) (g9 Slas 5 paiias (6 S0k o,
slaools slagsl o ss Sigwl dAl> 0 jo 0l
$39y5 sLmools & 45t sl 3JUT 5 (539,
0,0 (2 Libe doy Jelge aS ol las
b a8 9 SLS egate o> hle g
Sl L6395 e ()b Dol 5 lade i
(ile Adg o) (else g Sl silans
(O DD 5 e B0, (S pgatte py
dilaie )d Cgmy Gilwdmd lp Lsog,9 e
(O J58) Wl g
sl a pliws jeliiean a b ijsal
9 b o) 5 Uy, e sl aSid dge
slo ol o gl 5 8 pdny el s 5 (905
oS sy 5 SUly, sl (MSE) Uas jlade a5
15 Regr g Ll i (¥ Jgaz) Gl +/- < ¥ |
eSSz e ian Ghieel Al s
oyt 5 Llas ) a8 5 /% (MSE<-/- - ¥)
1S e g gy Slp Ghigel A e j0 s
Rsqr=+/A% g MSE=+/-\Y .34 apm i ,0

(Y Jguz) Aol Cawdds

1. Root Mean Square Error
2. Mean Absolute Error

s Sl LB Sl ool wl b oy dl> 6 5o
(3o b kol Jolse) aSids 699,5 Jelse @ o)
Cooyd (o Vo yo Ve Jolo 3510 L GIS laows o
JoSe b ok 2 (sl Bails K00S0 b (55,
sl Ll jloolawl U [LSogs jebay Slaise
g_r?ﬁf} LgLQ:oQ‘O ..\.n] Camddy gy 9 b‘)l.;‘s) )‘J.b;a
3l o)lg ool b Lael &0l laore 4y YU Al e
s gy 5 Sllyy polie 051 sl 55500 S
B g ST Canp  ls 5 oslisd oL
00 6 jlwdnd gl (idghy 5l yidn pl jo ol
Jobw 2 Slaize ol jor 4 Jolo 152 oo sl
el pe Sledbl i slaca bl 5l ool
JEVPRIRIN W I |\ (PSS LA I P W SRR W
(Lo id) Cgu) 5 Slly) polie Slib ganail
3 el Sledbl vingw laoes 10 .28 )5 plxl
@) baisel 3,510 (o5 polie Sligean G b
o § (mas A slac LB sl 5l ol
(Gholami et al., 2019)

Jeli (R

e r sl s silwe 23S i (6l
5o 0=l oolaiwl STl 8le 5 51 Lo Jdoxigay jous
5 09031 g 3l aSeds (g3ludingy 5 (53le Jie Al o
e 35 3] oolizul by (g3lw Joe s onlial Uas
5 o Sledlbl £l 3l 5 45 5 (ANN) gt
el Blebes 33l 5 b lbatdi g jlwooly Cyrizean
255 &0 (GIS) oLl s

A=t b oad (g slo oo oo 5,1 s
lodie L Lol i slio (o izen g (oae

sle,las 5lllas g (5051 (o9, b e sl aipn



Sz 8ol ls po st sloosg gy 9 Sy, Sdsi o S5 Jelse (il 5 alulis

Yy

0.14
0.12
0.1 Sy b 5l
E Runoff sensivity analysis
0.08 =
1z
0.06 } g
v
0.04
0.02
il boaan T
Surface TR s g2
cover Camopy  Hg s SR L
cover Rainfall e N
density values Rainfall
intensity Slope
0.5
0.45 e -~—~L~> bl )
Sediment sensivity analysis
0.4
0.35
B
0.3 =
0.25 %
02 @
0.15
0.1
0.05
0

cover ?
Bulk density )
Rainfall intensity il

g ddlaie ;0 Cguw, g by, Jlade (gjlwdcs (ol digy AL (609,9 (srools ol }iJLs] -0 S
Figuer 5. Inputs data sensivity analysis for runoff and sediment simulatin in study area

Gy dilaie )3 Cgay 5 DUl e (giludd Gl omas BD Giigel s Y Jgux
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Standard deviation Minimum Standard deviation Minimum
training stage Validation training stage training
Ot reS (peSilee
Sl 0.009 0.008 0.004 0.003
s, Mean Minimum
Runoff MSE/
W Sl
Mean Final 0.009 0.008 0.004 0.003
MSE
Ot reS (peSilea
Sl 0.013 0.000 0.005 0.007
Mean Minimum
) MSE
Sediment ——
W ke
Mean Einal 0.014 0.001 0.012 0.020
MSE




Y'Y FEY L FYD domio VT o) oF 5,lad 000z Jlo oylpl SLIKiz azel o]l JSi Ao
g dilate ;0 Cgw) g Ollg, jlade (gileancd ln (bigel A pe o s jlade gl -Y Jgax
Table 3. Performance evaluation of the network test to predicting runoff and sediment in the study area
RIS Runoff (L/m%) _uls, Sediment (gr/m?) e,
. PN oo 500l .
Optimum network 5% T o5 validation xiwcows
prmd W training validation training )
Run # 1 2 1 2
Epoch # 20 18 924 14
Minimum MSE 0.009 0.002 0.013 0.004
Final MSE 0.009 0.002 0.013 0.004
Rsqr 0.9 0.9 0.86 0.9
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Table 4. Performance evaluation of network at the test stage for predicting the runoff and sediment values

s

MSE NMSE MAE Min Abs Error Max Abs Error Rsor
Variable
Runoff _ul;, 0.13 0.06 0.19 0.001 2.4 0.8
Sediment e, 4.3 0.20 1.96 0.001 5.6 0.8
8
43
;£
JE
5 -
i3
T
8
() lonlie oolia
Observed values (L)
35
30 A R?*=0.8431
3 5 .
1%
13
0 T T T T T
(] 10 20 30 40 50 60
(p5) Slasliaolic
Observed values (gr)

O3] Az 5o 55 (k) Gy 5 (L) Sllg, jlade (g5luared ;o e 8S 25 ol - S
Figuer 6. Comparison between the simulated and observed runoff (up) and sediment (down) values in the test stage



S 806 )18 po e srodys | gy 9 Sl ade jo S5 Jelse 5l 5 olulis Yo

slyls JSalw ddhie ]S sl oaiigilwand
Gilwdnd 3aali 5l and cpl g sl 098, Sl
—as Bl gl Dy 5 DUy, pn polie
il Sledlbl gt el L oad e

(A 9 Y Lgl.b‘_}s.w) Sl 00l d..:.]y

390000 392000

5 2Ulg, e Al Coles jo Jaw (0,5 121 L

YV LLS,) dably G o ISl oz (gm0 50 g
Sl )3 e Ve ) Sab b (e e
39,9 SLposls aS 9590 (pl 4y azgi bl adg
P g dsb shls e Ve o) Sty 5o sl
Cy—wy 9 lSly; polde wJog al_Sl

394000 396000

41 0{(000

4106000

41 02’1000

4]0(’5000

g ik
= =
g g
Ao ‘sl&.;.h‘ )
Legend
! My CaxBge
Plot location
- S osl> -
g Road L€
E (p,5) wgw) H
Sediment (gr)

[ | 0-1

N 1-5

] 10-30
< | [ 30-50 g
g [ 5-10 g

0 50-70

[ ] 70-90

| ] 90-110 1:25,000

B >110

0 0.5 1 2 3
UTM_398:WGS84
390000 392000 394000 396000

u‘“‘bﬁf’ d.a.‘a...n‘ aln ).) ANN 9 GIS d.l.a.mjda OMLS)LMM D) ).’\)Ln.a 3.......9.: —Y J&w
Figuer 7. Sediment simulated map by GIS and ANN in study area



fye FEY U FYD dxbn N0 uL:-M-HQ) £ E)Lo...':.' ‘w.mo)Le‘p JL...: ‘L)‘)'.'.‘ (S"S/ . ‘ ‘u‘):"‘ S/" 3.1.790

390000 392000

394.000 396‘000

4108000

4106000

4104000
N

4107:000

55 closal,
Legend

% My Curdgo

Plot location

/\v/ °¢[,.

Road

(i) Sy,
RunofT ()

AIO(I)MN)

0-0.5
0.5-1
1-2
2-3
3-4
4-5
5-6
6-7
7-8
>8

IIREECONN

T
4108000

T
4106000

T
4104000

T
4102000

T
4100000

T
4098000

1:25,000

5 e glS
0o 05 1 2 3
UTM_39S:WGS84

390000 392000

394000 396000

u,...bj).l adlaio ).b ANN 9 GIS :\Lmjd.a OMLS)LMJM g_;l.v|5) )J.)LD.A asds —A J&m
Figuer 8. Runoff simulated map by GIS and ANN in study area

5 Lol g8y (loj )0 eyl ddlate 4y (ous yiaws
loliw! 5l Jol> i,k laosls Coro jo win 3
LS5 a4 game AL saosls g9 (b
09 B QBN Bas K8 s9w 3l o
bl ;5 wo—) 5 2Ll (ilwan—3 sl
ool 513 Coli b cpl plo 0g Sz 80l 6,18 0 500

.’.=‘

ke 5o Jalse 05 etes 3o @l olly
ddhio |5 10 Comwy lade g oadody Sy,

G355 mte olse 90 Gl 5 Joe Sl
JSie Jdoans ragin ol yo Lol wias globis



Sz 8086 )10 p0 40 Sosy gy 5 Slls; ades o S Jeles sile e 5 alulis fry

Ce 38l ol oo (6 a3 ol 4y 045
Cyod a8 39 o s 35 ) 59, 2 sloo ylad
S Gialwyd ol plo sl Giol3dl o (Sauled

Ezzati et ) ool o (il ool iol3dl 3150 55
al., 2012; Zenner et al., 2007; Pereira et al.,
ol (Etehadi et al. (2018) _ji»g3— ,o (2015

oy 5 2Ulyy ;s 6100y il ol ighy
U S Lyl slaasil ass slolis oea
5 =0 g als (s ,oll pgats oy il
2 oy g Ul Hlade ol sl o dle gy
polie dnlie Ly 09 00 bg,l0 00 40 3blo
l_? Js.\_a (_QLQ‘_;>5)> uLo—ﬁ: LI J..\.A -ba-de 0&0)5]}3
oS aiges j oolaw gl Slanlie 5 sdly olie
A4S Ad et e (g oduis oslaiwl (gjlw Jow o
—as A5 sla SUles sl eolainl b as” Jow 0y
2 gy g 2Ulyy polie gilwand Gl Lotan
Ul # JSh 4y az g bl oolatnl gl oy
Cgy 9 Uy, gilwand lp RP=4/A) ol
‘5||)l_§ uaj_.a} o iz ul.a...a.?u u’"’L""")" .o)b
sbayuhl ilodae )3 (egian (sras slaasd
ax$ b by, (ol sl olly o5 cul maly  Janme
Dalir et al., ) cowl ylits cauind ] J> o 0
.(2022; Zama et al., 2020; Gholami et al., 2015
9 69959 Jolge cawlin olani g g98 Sl b (ol

—ac A5 )lf)'Lw 5 wlio 55_;)1 oolawl 3o
ol 45 a8 lgs e o 03,5 0, S 5 g e ghan
olie 05l sl canlio 9 LIS Sl 5,100 <3,
Zema et al., 2020, ) 09_3 A_Q:‘P Sy 9 Ul_’b)
= ol i gl (Gholami et al., 2020
polie (gilwacs yo smas Sl Jgud 8 61[5193
Sl Ve K> sblos o gy g ol
|y e 8Sd pianlin IS 55 4XBIS Sligio
asle sl ylel slagig, L amlia 5o

Gholami et ) cwl 05,5 Lo 0 priediz ygum )5,

Co—y 5 2Ulg) adei Jeily ()l Dol g jlade
Foigkee OO Jlade a4y (LB)L L gwp S ASg> o
ol ol g Jlade (518, 5 L s b L elge
poliae osd gl Jao SLE U ol g5le Jow
@l ey (L wagd ol o 5 Sy,
i gblis jlas gl ddhie ;o S 6,0l
3o oabader Gl Llaae (el oal gl o o
o= (Krstic et al., 2018) wob o (iol33l o
adbain 5l Cgw; )3 @8 5 DUy s )0 oo £age
oolazwl “_g)‘éﬁo).eci ‘..\.)9..»‘547 S99 ul.)‘s) QJ“"‘)S‘
39y 905 )8l 59 51 LU HLas YT pile )
3O ydan 30,5 3 g esl> 5 JeSiuwe 3blie I bl

Borselli ) 048 o0 Sz 3blw ;o0 S pgaxe
et al., 2008; Della Seta et al., 2009; Torri et al.,
Oty sl g% (2013, Dalir et al., 2015a,b

1l SB 6 by i l5b ol clss
u.uLw)B 9 S P ngb)"")'é{" ).ui.; GULM t_)"‘
Sobh Zahedi., 2020; )a—& Lo os—5a
o, o Jlse , Ko 5l .(Azizimehr et al.,, 2020
Sade joaS coul juegh ddhie o U by
aibe 3o Jole ol ojls coge yiloaliadss S,
Al o yls 8 s Jelse b cou LB Jale
oS eadades Gy, Jlaie o U e (ali8l L
et 5 25 iy iU g3d9e 25 B
OMA.J}’ uL_:‘j) ).:.blﬁ.o ) Ji? iy Gol.c uwy
o, Ol a4y Koo Slaass ) g ks yo mhaw
Ding et al., 2022; Bredemeier, 2011; ) ol
J—lse 5| (Dalir et al., 2014; Cambi et al, 2015



YA FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

O eyl gy Sl e (0 (pizmen ol
l_? )_J).a OM‘_g)l_.»w ).:OLM 9 ‘5:3‘9 ).M)La.c L)""
)| el 009 uyo)T 9 d")ﬁ*T J.’>‘).a B <A 9 VN
5 e by jloel agy aSis SILS (MSE<
bl o Ul g5leJow lp camgh jo .ol
‘&Msﬁ"‘cw}‘wm‘bﬁﬁ
Ol 1 et o L) gilwand 5 2L
A4S S 5 el e (Linetal, 2019) wo S
Blocs o] slas g 800 1) cpead co yd (2 yiden
el 00ld 43‘)‘ Sgw

Syl s A4S ol lias gadod LS
Dalir et al., 2022; ) cul g3lwJos j0 al)ls
ol > 4S5 Lol (Zema et al., 2020
92y Ly Gigi nl 5o el ol @l 655 5
il g Ll a8l gla)lSe 1o Coguy 5 Ul lade
] pyos gy ool Bl classa mls

—as ASh aS ol Hlas oyt ol gl
Coy 5 2l siludae o Wl )l esian
Sl Jome el 0oy (5,00 o o A 3l o
2 ez G Sl g, 9 Uy, polie
S L oasaitln Joas ol o5 sasms ol
s Sl LB ool wl U coian cmas
Gilwdad (Joo ol ol oLl Sledlll
SLedbl 5 y5lgez a5 giblia o 1) gm 5 Uy,
0L} 9510405 lgd Jls paiitans () 4
5 Sy, ilwand 6l (95 Uy Joe &

Zema 4w opl o .@l., 2019; Jafari et al., 2004
mas A 5l eolaiwl a5 ws S Lo et al. (2020)
5o olilyy gilwans o oS Jdoas coian
9 Ol gl ame (g il AK> 3blL e
5 Al obsS Gloj yo Iy Jaw slassgys 5l ook
s—as 5. 5 (Barr, 2002 ; Hill 2002,) s,5 )|
Sl stelie S L s oat 2l Ll acge
35915 1y gy 5 SUls, oo Lol 3l (sl
L as el ol ol)l 51 (S es 8ol s oS
cilisee Dlidss | g co atuive Uas g (g5
2 Ny Sloz e 4 (ool (650l s b
A pgies Ghey 5 1Y xSl gy b B
Slidss Ly aS asl cwsay Olg > o g
Gomez. (2005) 4 Yesilnacar & Topal. (2005)
&l a6 olaws o s callas Kavzaghlo &
5o Ll Gaalidl g a5l Gy (33900 51 65 ol
s 5 o b sl o8 ool (bl o9l o

Yesilnacara & Topal, (2005), ) s¢-i ot i

Caniani et al.,, 2008; Lee et al., 2006;
3o 3—ass ol o (Melchiorre et al., 2008;

Syglm 590 b 1S5 Ve e e aS 0l astine Lo toles]
AU Tl i 5 cnl (mailie a3 QU5
Sl by salets g5lw Jao ol g o Sl
slasl Loias gmac A5 gy JLele o
O e g o gy bl Oley &Y 50 ()58
9> @B Ol &Y )0 09y et b 1) 09
Lee etal., 2006; Caniani etal., ) o 5 salez s
Soiss g 5 lilyy (gl pl Gaios 4o (2008
5® ol ol a8 el ol ) olaty &Y 50 (5598
O3l G5y Gk 3l ileaite 5 Ghigel sl b
s A el S OIS b)) sl e g
et tl 2 Sllyy 05T sl ooleiiay (e
L ol oadiilmand polie 5 (oo8ly polie o

00)5 d._ﬂ)‘ uﬁA)T 9 w)jﬁ] J?‘)A )d ’//\Y 9 ‘/A;



Sz 8086 )10 p0 40 Sosy gy 5 Slls; ades o S Jeles sile e 5 alulis fra

&l ol
Slas 5l ailomo p3¥ 055 o s
oSl rpeb i 0SS oSty losT (Y gts
SN2l 5 orerle lie JS 8001 Ygtas 5 S
5 by ol o350 ol 5o 5 b
5 S =dod ol sl s Y sl LSen

aS gl a8

Lf’?""“-’ JM 639)3 L}—Q‘}C )«) g_:‘)_,_._g_, 9 \3)‘0 ‘-’9—“’)
° u—")-'l—u ] 00 39 Vs CS)L“M @Lu IS
Olbey 9 aiaip Spo b g Sledbl 4 a5 (69)l50
Joe ol abl ks Jlede gwyiwo b gblie gl oS
5 Olimstbin Olpse Gl (295 lasal, Wil o
6)“5}—.‘?.’-31 9 ‘_s—ﬂ---'o @L;_A do e QLALZ..Z)IS )i.’n)

sk

References

AziziMehr, M., Kooch, Y., & Hosseini, S. (2020). The effect of forest degradation intensity on the
dynamics of soil microbial activities and biochemical in the plain region of Noshahr. Iranian Journal
of Forest, 12(2), 175-188.

Barr, A., & Barbe, M. (2002). Pathophysiological tissue changes associated with repetitive movement:
a review of the evidence. Physical therapy, 82(2), 173-187. https://doi: 10.1093/ptj/82.2.173

Bredemeier, M. (2011). Forest, climate and water issues in Europe. Ecohydrology, 4(2), 159-167.
https://doi.org/10.1002/ec0.203

Borselli, L., Cassi, P., & Torri, D. (2008). Prolegomena to sediment and flow connectivity in the
landscape: a GIS and field numerical assessment. Catena, 75(3), 268-277.
https://doi.org/10.1016/j.catena.2008.07.006

Caniani, D., Pascale, S., Sdao, F., & Sole, A. (2008). Neural networks and landslide susceptibility: a
case study of the wurban area of Potenza. Natural Hazards, 45(3), 55-72.
https://doi.org/10.1007/s11069-007-9169-3

Cambi, M., Hoshika, Y., Mariotti, B., Paoletti, E., Picchio, R., Venanzi, R., & Marchi, E. (2017).
Compaction by a forest machine affects soil quality and Quercus robur L. Forest Ecology and
Management, 384, 406-414. https://doi.org/10.1016/j.foreco.2016.10.045

Dalir, P., Naghdi, R., Gholami, V., Tavankar, F., Latterini, F., Venanzi, R., & Picchio, R. (2022). Risk
assessment of runoff generation using an artificial neural network and field plots in road and forest
land areas. Nat Hazards, 113(3), 1451-1469. https://doi.org/10.1007/s11069-022-05352-5.

Dalir, P., Naghdi, R., & Gholami, V. (2021). Assessing the rice straw effects on the soil erosion rate in
forest road cut slope embankments. Caspian Journal of Environmental Sciences, 19(2), 325-339.

Dalir, P., Naghdi, R., & Mosavimirkala, M. (2015). Assessing the effects of native plants to slope
stabilization in road embankments: a case study in Siyahkal forest, northern Iran. HortFlora Research
Spectrum, 4(2), 93-96.

Dalir, P., Naghdi, R., & Gholami, V. (2014). Modelling of forest road sediment in the northern forest
of Iran (Lomir Watershed). Journal of Forest Science, 60(3), 109-114. https://doi: 10.17221/91/2013-
JFS

Dalir, P., Naghdi, R., & Gholami, V. (2015). More important sediment factors in forest roads in the
northern Iran forests. Environmental Erosion Research, 4(4), 27-36.

Della, M., Del Monte, M., Fredi, P., & Palmieri, E. (2009). Space—time variability of denudation rates
at the catchment and hillslope scales on the Tyrrhenian side of Central Italy. Geomorphology, 107(3-
4), 161-177. https://doi.org/10.1016/j.geomorph.2008.12.004

Ding, B., Zhang, Y., Yu, X., Jia, G., Wang, Y., Wang, Y., Zheng, P., & Li, Z. (2022). Effects of forest
cover type and ratio changes on runoff and its components. International Soil and Water Conservation
Research. 10(3), 445-456. https://doi.org/10.1016/j.iswcr.2022.01.006.



FF- FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

Ebrahimi, A. (2017). The effect of statistical groups and vegetative forms on estimating the
relationship between production and vegetation. Rangeland and watershed management, 70(1), 19-30.

Etehadi, A.M., Majnonyan, B., Malakyan, A., & Juorgholami, M. (2018). Runoff and sediment
changes following changes in some soil properties in forest exploitation operations (Study: Khairud
Forest). Iranian journal of Forest, 10(3), 267-78. https://doi :10.22034/1JF.2022.266051.1757

Ezzati, S., Najafi.,, A., Rab, M., & Zenner, E. (2012). Recovery of soil bulk density, porosity and
rutting from ground skidding over a 20-year period after timber harvesting in Iran. Silva Fennica,
46(4), 521-538. https://doi: 10.14214/sf.908

Fathi, K., Jourgholami, M., Hosseini, S., & Khalighi Sigaroodi, S. (2021). 'Optimal distance among
water diversion structures for mitigating runoff on the skid trails (case study: Kheyrud forest). Iranian
Journal of Forest, 13(3), 237-250. https://doi: 10.22034/ijf.2021.205706.1656.

Foltz, B., & Wagenbrenner, N., (2010). An evaluation of three wood shred blends for post-fire erosion
control using indoor simulated rain events on small plots. Catena, 80(2),86-94.
https://doi.org/10.1016/j.catena.2009.09.003

Gee, G.W., & Bauder, JW. (1986). Particle-size Analysis. In: Klute, A. (Ed.), Methods of Soil
Analysis Part 1, Physical and Mineral Methods, Second edition American Society of Agronomy. Soil
Science Society of America, Madison, 5, 255-293. https://doi.org/10.1002/gea.3340050110

Grace, J. (2002). Control of sediment export from the forest road prism. ASAE Annu Meeting, 45, 1-6.
https://doi: 10.13031/2013.9913

Gholami, V., Sahour, H., & Amri, M.A.H. (2021). Soil erosion modeling using erosion pins and
artificial neural networks. Catena, 196(2), 90-104.

Gholami, V., Torkaman, J., & Dalir, P. (2019). Simulation of precipitation time series using tree-rings,
earlywood vessel features, and artificial neural network. Theoretical and Applied Climatology, 137(3),
1939-1948. https://doi.org/10.1007/s00704-018-2702-3

Gomez, T., & Kavzoglu, H. (2005). artificial using susceptibility landslide shallow of,Venezuela,
Basin  River  Jabonosa in  networks Ineural.  Geology Eng, 78(3), 11-27.
https://doi.org/10.1016/j.engge0.2004.10.004

Grismer, M., & Hogan, M.P. (2005). Simulated rainfall evaluation of revegetation/mulch erosion
control in the Lake Tahoe basin, Soil treatment effects. Land degradation & development, 16(5), 489-
501. https://doi.org/10.1002/Idr.679

Hill, N. (2002). Parenting and academic socialization as they relate to school readiness: The roles of
ethnicity and family income. Journal of Educational psychology, 93(4), 686. https://doi:
10.1037/0022-0663.93.4.686

Jafari, M., Chahouki, M., Tavili, A., Azarnivand, H., & Amiri, G. (2004). Effective environmental
factors in the distribution of vegetation types in Poshtkouh rangelands of Yazd Province
(Iran). Journal of Arid Environments, 56(4), 627-641. https://doi.org/10.1016/S0140-1963(03)00077-6

Jokar, A., Gholami, V., & Golijirande, A. (2013). Principles and Concepts of Geographic Information
System, Mazandaran University Press, 200p

Jourgholami, M., Nasirian, A. and Labelle, E.R.. (2018). Ecological restoration of compacted soil
following the application of different leaf litter mulches on the skid trail over a five-year period.
Sustainability, 10(7), 2148. https://doi.org/10.3390/su10072148

Jourgholami, M., & Etehadi, M. (2017). Effectiveness of sawdust and straw mulching on postharvest
runoff and soil erosion of a skid trail in a mixed forest. Ecological Engineering 109, 15-24.
https://doi.org/10.1016/j.ecoleng.2017.09.009



Sz 8086 )10 p0 40 Sosy gy 5 Slls; ades o S Jeles sile e 5 alulis FF)

Kazemi Talkouyee, A., Jourgholami, M., Abbaspour, K., & Feghhi, J. (2019). 'Simulation runoff and
sediment yield in a harvested forest (Case study: Zailakirood Basin, northern Iran). Iranian Journal of
Forest, 11(1), 29-41.

Krstic, D., Vujic, S., Jacimovic, G., D’Ottavio, P., Radanovic, Z., Eri¢, P., & Cupina, B. (2018). The
effect of cover crops on soil water balance in rain-fed conditions. Atmosphere, 9(12), 492.
https://doi.org/10.3390/atm0s9120492

Khazayi, M., Sadeghi, S., & Mirnya, S.K. (2013). Application of artificial neural network and
correlation models in extracting soil losses in plants located in degraded areas in the forest watershed
of Tarbiat Modares University. Iranian Journal of Watershed Management Science and Engineering,
21(7), 13-20.

Krishna, B., Satyaji Rao, Y., & Vijaya, T. (2008). Modelling groundwater levels in an urban coastal
aquifer using artificial neural networks. Hydrological Processes, 22(8), 1180-1188.
https://doi.org/10.1002/hyp.6686

Lee, S., Ryu, J., Lee, M., & Won, J. (2006). The application of artificial neural network to landslide
susceptibility mapping at janghung, korea. mathematical geology, 38(2), 199-220.
https://doi.org/10.1007/s11004-005-9012-x

Li, X., Niu, J., & Xie, B. (2014). The effect of leaf litter cover on surface runoff and soil erosion in
Northern China. PloS one, 9(9), e107789. https://doi.org/10.1371/

Lin, Y., Wen, H., & Liu, S. (2019). Surface runoff response to climate change based on artificial
neural network (ANN) models: a case study with Zagunao catchment in Upper Minjiang River,
Southwest  China.  Journal of Water and Climate Change, 10(1), 158-166.
https://doi.org/10.2166/wcc.2018.130

McEachran, Z.P., Slesak, R.A., & Karwan, D. (2018). From skid trails to landscapes: vegetation is the
dominant factor influencing erosion after forest harvest in a low relief glaciated landscape. Forest
Ecology and Management, 430, 299-311. https://doi.org/10.1016/j.foreco.2018.08.021

Megahan, W., & Kidd, W. (1972). Effects of logging and logging roads on erosion and sediment
deposition from steep terrain. Journal of Forestry, 70(3), 136-141.

Maire, F., Micard, S., Hammel, P., Voitot, H., Lévy, P., Cugnenc, P.H., & Puig, P.L. (2000).
Differential diagnosis between chronic pancreatitis and pancreatic cancer: value of the detection of
KRAS2 mutations in circulating DNA. British journal of cancer, 87(5), 551-554. https://doi.\:
10.1038/sj.bjc.6600475

Melchiorre, P., Marigo, M., Carlone, A., & Bartoli, G. (2008). Asymmetric aminocatalysis—gold rush
in  organic  chemistry. Angewandte  Chemie International  Edition, 47(3), 6138-6171.
https://doi.org/10.1002/anie.200705523

Pereira, P., Gimeinez, A., Novara, A., Keesstra, S., Jordan, A., Masto, R., Brevik, E., Azorin, C., &
Cerda, A. (2015). The impact of road and railway embankments on runoff and soil erosion in eastern
Spain. Hydrology and  Earth  System  Sciences  Discussions, 12(12), 12947-12985.
https://doi.org/10.5194/hessd-12-12947-2015

Riad, S., Mania, J., Bouchaou, L., & Najjar, Y. (2004). Rainfall-runoff model usingan artificial neural
network approach. Mathematical and Computer Modelling, 40(7-8), 839-846.
https://doi.org/10.1016/j.mcm.2004.10.012

Reichert, J. M., Cechin, N.F., Reinert, D.J., Rodrigues, M.F., & Suzuki, L.E.A.S. (2018). Ground-
based harvesting operations of Pinus taeda affects structure and pore functioning of clay and sandy
clay soils. Geoderma, 331, 38-49. https://doi.org/10.1016/j.geoderma.2018.06.012

Rachels, A., Bladon, K., Bywater, S., & Hatten, J. (2020). Quantifying effects of forest harvesting on
sources of suspended sediment to an Oregon Coast Range headwater stream. Forest Ecology and
Management, 466, 118123. https://doi.org/10.1016/j.foreco.2020.118123



FEY FEY B FYO donio VP41 lies; oF 85l oo oz Jlo el SLlKi> ool el i e

Sobh Zahedi, S., Naghdi, R., Gharibreza, M., Salehi, A., & Zahedi, G. (2020). Assessing the Effects of
Strip Cutting methods on Soil Erosion (A Case Study: Chafroud Forest). Iranian Journal of Forest,
12(1), 49-60. https://www.orcid.org/0000-0002-6671-0369

Shinohara, Y., Misumi, Y., Kubota, T., & Nanko, K. (2019). Characteristics of soil erosion in a moso-
bamboo forest of western Japan: Comparison with a broadleaved forest and a coniferous
forest. Catena, 172, 451-460. https://doi.org/10.1016/j.catena.2018.09.011

Talebi, M., Majnounian, B., Makhdoum, M., Abdi, E., & Omid, M. (2022). 'Planning and modifying
the forest road networks for tourism and rural development in Arasbaran area. Iranian Journal of
Forest, 13(4), 361-377. https://doi: 10.22034/ijf.2021.141078

Torri, D., Santi, E., Marignani, M., Rossi, M., Borselli, L., & Maccherini, S. (2013). The recurring
cycles of biancana badlands: erosion, vegetation and human impact. Catena 106, 22-30.
https://doi.org/10.1016/j.catena.2012.07.001

Yesilnacar, E., & Topal, T., (2005). Landslide susceptibility mapping: logistic regression and neural
networks methods in a medium scale study, Hendek region (Turkey). Engineering Geology, 79(3-4),
251-266. https://doi.org/10.1016

Yu, T.N., Bin, Y., Zhang, Y., Shi, Y., & Zhao, Z. (2003). Nitrogen runoff and leaching losses during
rice-wheat rotations in Taihu Lake region, China. Pedosphere, 17(4), 445-456.

Zema, D.A., Lucas-Borja, M.E., Fotia, L., Rosaci, D., Sarné, G.M., & Zimbone, S.M. (2020).
Predicting the hydrological response of a forest after wildfire and soil treatments using an Acrtificial
Neural Network. Computers and Electronics in Agriculture, 170, 105280. https://doi.org/10.1016

Zhao, M., Yang, J., Zhao, N., Liu, Y., Wang, Y., Wilson, J.P., & Yue, T. (2019). Estimation of
China’s forest stand biomass carbon sequestration based on the continuous biomass expansion factor
model and seven forest inventories from 1977 to 2013. Forest Ecology and Management, 448, 528-
534. https://doi: 10.1016/j.foreco.2019.06.036

Zenner, E., Fauskee, J., Berger, A., & Puettmann, K. (2007). Impacts of skidding traffic intensity on
soil disturbance, soil recovery, and aspen regeneration in north central Minnesota. Northern Journal of
Applied Forestry, 24(4) 177-183. https://doi.org/10.1093/njaf/24.3.177


https://doi.org/10.1016/j.catena.2012.07.001

Iranian Journal of Forest

Vol. 14, No. 4, Winter 2023
pp. 425-443

Research Article sy Py

Identification and modeling of effective factors on runoff and sediment production from
operated forest stands

P. Dalir'", R. Naghdi?, V. Gholami?, S. jafarihaftkhani*

! Ph.D. Student, Dept. of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran
2prof., Dept. of Forestry, Faculty of Natural Resources, University of Guilan, Sowmeh Sara, Iran
3Associate Prof., Dept. of Range and Watershed Management, Faculty of Natural Resources, University of Guilan, Sowmeh
Sara, Iran
*M.Sc. graduated, Dept. of Reclamation of Arid and Mountainous Regions, Faculty of Natural Resources, University of
Tehran, Iran

(Received: 4 January 2022; Accepted: 9 May 2022)

Abstract

In this study, we investigated the effects of forest operation on runoff and sediment using small-scale
plots. The runoff and sediment samples were collected from 36 sample plots with dimensions of one
by two meters in different areas of the operation. We used the Multi-Layer Perceptron (MLP) for
modeling, with 65% of the data for training, 10% for validation, and 25% for testing. We evaluated the
accuracy of the model using the coefficient of determination (R2), root mean square error (RMSE), and
mean absolute error (MAE), and compared our results with optimized models obtained through trial
and error. We collected information and produced runoff and sediment maps using GIS. Our results
showed that the most important factors affecting runoff production were soil bulk density, rainfall
intensity, slope, rainfall values, percentage of grass cover, and canopy cover percentage. For sediment,
the most important factors were rainfall intensity, soil bulk density, slope percentage, and surface
cover percentage. The MSE and R values for runoff modeling were 0.009 and 0.9 in the training stage
and 0.01 and 0.82 in the test stage, respectively. For sediment modeling, the MSE and R values were
0.01 and 0.86 in the training stage and 4.3 and 0.8 in the test stage, respectively. Our results showed
that neural networks have high capability in modeling runoff and sediment in forest lands. We also
conducted an overlap analysis to measure the accuracy, precision, and efficiency of the results and
methods presented in our study. Therefore, the proposed model can be used to combine ANN and GIS
in the simulation and modeling of runoff and sediment in forest areas.”
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