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ABSTRACT

Soil erosion is a process that is affected by surface roughness (SSR) and soil texture. The aim of this study was
to investigate the relationship between roughness coefficient and detachment and deposition rate in plowed soil
samples of drylands of Kouheen, Sararud and Gachsaran regions due to their susceptibility to erosion after
plowing, by simulation. Two precipitations (R1 and R2) with a distance of 4 hours with an intensity of 111 mm
/hwere simulated in a5.8 m2 laboratory flume with a slope of 12%. To determine soil loss, runoff was collected
with sediment. Also, photographs were taken before and after each rainfall and a digital elevation model with
a pixel size of 2 mm was prepared and from it, surface soil roughness was calculated and divided into three
classes (rough, medium and soft). The difference of the digital elevation model (DOD) before and after each
rainfall (RO, R1 and R2) was calculated to determine the amount of detachment, deposition and sediment
delivery ratio (SDR) and their trend was roughly studied. Soil loss in Gachsaran soil sample were measured in
4796 and 3909 g, Kouheen, 3465 and 2464 g and Sararoud, 2679 and 2105 g, respectively. The ratio of harvest
to sedimentation in the first event was 5.4, 7.3 and 1.8 in Kouheen, Sararud and Gachsaran soils and 3.2, 1.9
and 1.2 in the second event, respectively. The amount of SDR in the second rainfall in Kouheen, Sararud and
Gachsaran soils has been 4.4, 6.3 and 2.3 times higher than R1, respectively. The direct regression relationship
between soil loss and roughness with a coefficient of determination (R?) of 0.89 (P <0.05) was obtained. Finally,
by preparing the DEM and eliminating its uncertainty, reliable amounts of detachment and deposition can be
obtained.

Keywords: Fallow, Dryland, Index Of DEM Of Difference, Photogrammetry, Sediment Delivery Ratio.

* Corresponding Author’s Email: karimiahmad1342@sku.ac.ir


https://ijswr.ut.ac.ir/issue_11271_11313.html
https://dx.doi.org/10.22059/ijswr.2021.327604.669034
https://dx.doi.org/10.22059/ijswr.2022.335635.669159

P b3l pald 5o

ool (> (530500 p8 dgazmo gy 55 dw> ool 5 1505
Ol Rl 60,5 e 03,5 e olRsls «(65,5LiS 0uSLiils (ST pwaigen 5 ple 09,5
Ol Ol 6500 s 5 (sl «Dlinkod plojle (g lojemul § S cblix 0aSiag, ¥
Ol eSOl oRals caneb w5 (55)5laS” QA (S (w5 pole 09,5
OF eIV g gV E - INVVA 28550 b ) e JUTY 2l o )

ouuS>

oy e b iegh (ol 0,8 o 18 (S 2dl g (SSR) mhaw 5,5 beos a5 cul sanl s SB il b
5 99, p «oepsS Bblio )03 00)93 05 S diged 10 (IS g, 5 SBldp Glie b (60) copd o LLS)
L(R2 g R1) )L g0 .o plonil (g5lancds SaS a (ooeds 5l o LSS () 0gr iolu 8 i Cle 4y LS
A (5l 0o VY b e yie OIA alBinlosl psls jo el o o VI s b el ¥ alsls
Pl o 8o Gk 52 5l 5 B izman B 6 pslaer ol e g b (755 Slly, (S Sl s (61
bsgie 1) ahel dw &y 5 dralne S (5305401 5l s Ak S eshee 99 oSy o3I L gl ) (agd) Jre s
(el e Cyeend (sl (R2 g RLRO) (3,1, 3l dns 5 L3 5 (DOD) £l | sosd, ok Soslis s s (4 3
S diges j0 S Sl b (o) 525 b g Wy, 9 b dnslns (SDR) Ggmsy o928 Connad g (55105 Cgms)
ErSolail 0,5 YV oD 5 YEVA 35w g oyS TEFE o PEFD msS o ,8 ¥R 0 5 FVAS o 5 s oluys, 58 40 ol
VIN g VIV OIF oy as LS g 09,0 (upeS S j0 Jgl olaug, 4o (6,108 Cguny a4y cudilo p polie Cans .aub
Ol 9 99,0 s (29SS 15 g0 o)L ;0 SDR laie .l 0390 pl 3 VY 9 VA VY (o5 4y pgo olayg, jo 9
(et o g 5 9 S Dl o s (Gguw,S ) adaly sl 0als RL I i Wl VIV o 2V FIF s
g culilo 3l gkelae polde ] cushad pac 28, s DEM ays b lgi oo Solesys owl cwws 4y (P<0.05) -/AQ

((inbrgy — oole) VFo) el d )l oF 6 Lo DY 0590 (3l 3l S g o Sl

YA

Ol G lwanl oS a3 00 595 0 S 50 (105 Cgmy 9 Sulild g (3o b (6125 o pd e B4l (g

Syel Caws 1) (6,108 L,

gy 1978 o o5 el 5958 glis )] 098, sla Juw Dgles aslis lrans ‘&T 1goals’ sroilg

5 asels S50 slaanld o o Sludl ol Sh cilies sl avs
009Rl Sl &5 ) Cupse g 6y Jes i)k
Houben, ) coul oo glacals slayl o 4 Slga, ords 8
el ol 4z g3 yiaS (2008
Gree 5l 6 5l AU S (e
)‘1 O ‘57.]4..» ‘_gLa:..\.;.i‘)é )‘ (5)L:.~M.} &S Col S o §f9
“ oo 1 B 1y by, algs 5 S el s gk s
& -Bullard et al., 2018; Zhang & Xie, 2019) sas
ke Vo) (65,0 5l i sleasglS Juls S xlan
bl 65 G5 ez Ogv s Gegha Voo U (25 5 2

doddo
g S mle wasay o5 el ol IS S ole)8
Govers et al. ) &S oo w1y baaials jo (65,5la8 (5 Ik
oadslaz @lyd clls p yaslas Juld jiole 8 osl,8 (2017
b g oblg)) solu,d Jelge lawgs o] Jas! § S ooy
O o olyd Jasl gl S 655 Ko as gloj g <ol
Jds 4 .(Morgan, 2005) aes o 7y 6 )NS g, il
S ()50 2 ey g5 5 S Gl 4z 5 blB 3L
oyl oo 5l )5 e Jloiol Sl 5 (65,30 slacme;
Ventura et al, 2002; He et al. 2016; Li ) (5 lows Olagzs

et al, 2020; Sun et al. 2021; Li et al. 2021; Nouwakpo et
S ules sleasl,s 5 @l 2021; Wang et al. 2021

@ alinlie 3,50 opl jo el oad plol el); slaasdls

karimiahmad1342@sku.ac.ir : Jgiws odices g -



T bl ol b (6395 oy o BLI 1 oy 10 K0 g (o0l 5

Rieke-Zapp and ) asls mhaw ;0 YU oldy> L Bl 5 e e
O3 5o (8o SleMbl aS sl 00 ] el (Nearing, 2005
Zheng ) wil ailys sg2g S yiolo,d 1o 81555 9,500
SRS 555 srn lp Qe 5,000 et al. 2012
XU) oS o oolitul olfiole;] ;o (g5lwans 5l S o
o3l jo S>o8 wlibe ;o S xhw 5,; (et al. 2018
o e pole S5 b o A3 b s Dy
5 (Jester and KIlik, 2005) i o L (Saleh, 1993) Stle
glsl (Hohle, 2009) (s ol 525 Jolis wolod pé sloSiSs
G 6l yie Ldg 5 (Favey et al. 2003) (s, 5 sl 2ol
30,5 (oS Glp Ned oo (5 ,S0ll (Bertuzzi et al. 1990)
=85 gl didgn by Telis | (o0s8; Joa 3l 5 (s 525
a5l guled pd 5 cwled LSS 51 saelaawoay
Sl 2l | 5 lasbin] Gl sl (asls a8 canl oo ooliul
o ool Sldllas jo (58 iy jab 4 g lasls asls
9500 s ol o 5l ool 5 wbe Sl 155 sl
wpdge GLiS 1) ez ye gl So Sl sk wly yo (Bl S gy
(Zhang and Xie, 2019; Zhu, 2020)

(2Eglosl pold 5 &S ulide 10 Sz S lagehaw ,o
oS Yoo cogun 5l gomd @353k Jbo & (25,5 g
Cowl (25,5 oo 43 S 00l o g oablas Olyd g ez
Pls> 9 wgw,y olie 13 (Chaplot and Poesen, 2012)
JEl 5 ) ey (JE ooz wnl b (b o oF (Suid
S b pogdo (pl &5 WIS (0 S (295 JB jHb 4 sue
slalal, olyieas SDR w393 ca (Bpne SDRY) wigms s
AL Gle g (295 )0 oud 0dls J1928 Slge; G
Gl jsie Qo000 U jao o o) Jlade a5 0l asie
Jobee GG slo wlas el o 4 (Thomas et al. 2020)
S5 g by wbie (Zhang et al. 2015) cuns wo o0
ol 4 asl axsls &S SDR lade jo  Jolite 31 oy e
5 woy @k OBl O Colue GRlE LS o500
L bl ogdon i @gm) @illl &b 5l 6,18 osm,
ST & O 5 e o Jlil s B by cdds
.(Khaledi Darvishan et al. 2021) 545 oo o2!,8

ol 0l s Qbced o Lol Sl

Gabds ol bl j0 g o5 5l e 45 (Nielsen, 2011)

(o 990> ]300 aS rpl dsd g3l g Qg oo ol )8 dics
«(Ahmadi et al. 2022) wins o JoSis 1) g5,5las ool )

(g3 — ole)

T SzsS sl 5 st 5 ST s 5,50 Joleo ' (s
Zobeck and Onstad, 1987; Taconet and ) sgi oo ,53
Ciarletti, 2007; Vermang et al. 2015; Da Rocha Junior et
.al. 2016; He et al. 2018

S S 4 Slgw) S g Slly, oy o)
5 &loe b Slly) &5 Sgo (nl 4 0sd o0 plonil SB- (xlan
O 6ol ln v ) Sers Sl e s Cuglie
1y 055 5l 5l Slodas (i o] 5l y3ee (gl 500,57 0,55
Sylai 1y Cgusy D3 gl obley asess o ¢ colocawss)
ouds Jiie Slgu, izl ali g0 ¢ (Zheng et al. 2012)
oo ol Gla S8 50 65,551 5l ol gla S
22l i 3985 el Wisie it 6 Geipes w9
Ll il 2l 1 olals g Gy, e a0 5 998 Sl
ol e 2lS 31 el e ooxban alos sl s & (S b aalsl b
2017) o9 SL aled (bl cel o> cal (Son g
oed g oloy Job yo 5 Syl Ysee (Ding and Huang,
2 i g SB (e (605 A8 g 02 @by P
;o ¢ (Vermang et al. 2015) s »; alise slaasls Jlgl 3
Cogo et al. ) sgi oo S lali 5 iolw 3 oli8l asecs
MW o slasillas (o Darboux et al. (2004) y.ooxen (1984
Sl s 4 Qlilg, a5 Sley a8 wisls ylas  elKisl;]
59k 1y Sls, Wl oo b Sl 5 (28,558 355 L e
s gals L il G, cdale

@l ol 5l an g J8 el pegd) Joo EDS
Sl )| i i g Bl Sl e a8 Gl olulis
bs asil Galajd S o (3,5 (oS (nizmon 5 ilazily
Bullard et al. 2018; Luetal. ) s)ls 5 5,5 oals (5 l385 g
bl (ydglocKin (il Jud 5l S e S5 (2019
5 oiale b by, glaanTyd )0 55 Gl gylly 5 354
= b g Ol S g atis Se atels Slgw; 0L~
O 51 S S8b ol ul 5l wisS (o0 JAST ) o,
Col J5o 5 S50 Ol i lies 5 a5 el o S
& Comwles o owlol @ S sl (Morgan, 2005)
o)ls oblgy g b alhd hweg S Old sl g odles
.(Jourgholam and Labelle, 2020)

2 S Sl 4 5l S il 03,5 oS
Gl aslllas oo b ceslizie ST o (81,5555 b ala
s (6 55 03lail ML (Balaguer-Puig et al. 2017)

4 - Digital Elevation Model
5 - Standard Deviation of Elevation
6 - Sediment Delivery Ratio

1 - Surface Roughness
2 - Microrelief
3 - DOD (DEM of difference)


https://www.sciencedirect.com/science/article/abs/pii/S0169555X16311734#!

Ot 9 (5 )l asmas oSiws jleslaiul b el )5 ol b oo
Reynolds ) JSwbslS VY 1S Jlael L S Cugly ao o
Ol S diges duw 4 300 guls .ol (5,50 5lusl (et al. 2009
B 3 21 5005 9 e 39 0 55 S 2l RS o0
05 9 bawgle GhlazS g 39,5 SIS digai 93 50 5 05 Lo
SIS Gl oy e o8 g e 5l 2V wo)3 3529 el
I SE a0 S olS (B a cod Spdy Gl
Lol oS> Q.ﬂ PN GL‘%;}?.B )fa“o
g (5 5bwoolol g 0olisuld yg0 ¢yl jludnis
o BIA Jsb &y al8iglejl psld 5l eied (g5loands jslatens
AR IRV PR PRIT S SRVESKCR | RPUOV TRSO S W SV
5 bl sleacs oBaslesl jo (V JS2) cele el
20,5 solaiwl (g lopsul § S cblix> ooSingh iole,
Sl 3 g L sleads olKis o] .(Arabkhedri et al., 2018)
eyl cnl oads Wlasl ayyo i Vo FI0 Colie a4y (> 0
VIV sl 5l W3t £lis,| 5 oo o 51 5o VVIA g
P o Su s Jsb e BIA Sll b ol psld (izan ol 12
oL sledas cul o oo ) as o e Ul s Sl
Ceolis 13 e des VYO b iyl calizee glacias sl Sl
(Arabkhedri et al., 2008) sl 34>4

Celo e e WV lawgio ol 5l iegh ol o
Jsis s bl 5 (Refahi, 2016) suluyd ol olsica
ma,o0 Cle ol ool S ol bl g Ll Sa e
Dol b laslyg, o Uy, (uid )l (e Slidos gla
syl 5 (Arabkhedri et al. 2020) el y; o Loo FF o ¥V
aule glicul gleslayg, lawy S lali as o 00 51 i
(Arabkhedri, 2015) az.3s ;0 so Lo YUY Gl b lo 3,

"59‘.
Arabkhedri et al. (2018) b5, (wlwl » psld (65lo s

bl G (S3lwg)) psld J5ls S (gilwoslel gl g plovl
2528 S reshee 10 iy a5 SL Sl g e sl O 4V
30 Cugby (05 g b g a5y peld maw )0 g oall 0old
BV el )1 ol ool w39 b yo S pelans a5 gu
Sl Vo el )l a (o B S 5o 51 500 (6 el O
5 FY V) o glusl s o S a4 e 0l 1,55 S5 5
9 295 9yl GBS Wged )3 o 4 Cugh; ws s YA
o Lol balaS saze ¢ S USE 6l o (0 luzs

Slp gaides o) 4 6ol jogase gy diged uizes

((srinb gy — sole) VFo) g d )l oF o )lois DY 0598 oyl ) S g O lidixi  YYe

Spobol> 5 Gos GalS ohgar b p D)l n oeape B
38 035 @IS gy 5 @)l Glacl o5 eadll 5 S
adgi g S alal as o B0 5l i aS ol s gl i jls
SySse Dyge @bl 5 wad gleolyg, bwg g,
b SawelisS wuds slo iyl e (Arabkhedri, 2015)
ol olpl Galides gble jo agds jo pe L YUY Cud
«(Arabkhedri, 2015 3| J& 4 (555,55 5 &s5be ki) ol ous
Sloslag; ol o 00,55 05s s (L2 Canl S
izmad g dzgi bl e ST Sl Corge o ol
b e 3 el e Gl S lasli
yol> Geind (nlply sl o000 haw (A58l g &5 5 0390
A 5o il g o e g jlade 50,5 oS Bas L Lol
Elis | asd, Jote 5l ooliiasl b Sgliie slacdly b Jlpes S
e b5 el W eSS o,u |y
W35 (oS5 5 AP Gkl (b o SIS 0559 S
pold 3 S bl 5 cutgd wcelsy b oy abal, Lol
5ot Gt 35 (e B (el )0 B gy (SRS
5 Gl aaloil psld jo ol Co (o) jo o5l
plxl Glaiagn 1n) 0ed sbul Co18S e slas,lgenls
-5 Eyan elS ygots il 03,930t S s ou
=03,5 slonl atals o ;o el 00gy p3ed baimslis a5 olo
SLls Ll (Da Rocha Junior et al., 2016; He et al., 2018) il

ilodgus asels o elyy oy Al

g, g lge
Lasges JIbT g S 31 6,10 paiges cdlaio
55 Blhes Gl Glagee; 5o o5ed lodnd & Glagy 0
Sl g jlwans plol gl ool asls alislesl pl
Oliwl 50 0g ) (38 Hliwl o upeS jlress ddlaie aw
8l U aerlug 5 4skSeS il 5o ol 5 oliile s
A oolaiwl V Jauz Sillae Siglate

sl Yo b ) b Y islesT 8,90 slaSs
50 . eole Jlal olii.iLo)'T GV ol 4 dals (g0
e gy 4 60ll (pgatie o2 (Sl paiged e
S A s Sl ¢ (Blake and Hartge, 1986)
Slp ek ¥ S5l HaisSis g 1y S diges
ool joue S olionds 5 (So5d Slo Sy (F s 5ol
Fogpded g LSl Gy oS5 by 4 S ganails ab
- Sy g, 4 J eole (Gee and  Bauder, 1986)
5 59 gy 4 gludl Cugb, «(Nelson and Sommers, 1996)



TV bl ol b (g5 o 0 o BLI 1 oy 3020 )K0 9 (o0l )5

el B alols b celes e oo V)Y o b 5L g0 cos
Sotard b (SIS gl ol o () JK2) w8 S 18
Joles 2 (S010MON, 1979) (i S Jsord b 51 o,k

A Ao dus o

(pgiy — ooke)

Ad ad S b al S oyll a4 o) 5l Gleeb
=y cuwd b cugb, o LS (Arabkhedri et al. 2018)
gyl GBS dige 1 iy 4 doys YV 5 YO XY
5 b 00 e yientil V0 Bes 4y b b esS 5 Ol

Lol digei (g9 Fble bdl e Olatko - Jgua

- - . S digel
elye g 4k SeS -l TSNS olizile =09l s —
SR
PE Jsb PE Jsb P Jsb L
° faq” ° ’ " ° £ ” ° ! n ° ’ n ° £ " @LJ‘R deﬁ
NY- VY4 Ed- OO0 NY#Z YY'YY Efa vo'y) NYf Va'ar EfY \V'YY
ey ey e oy P9 <l
NG O 7\ (M)é)}_»_)u_l.:.‘}&.:}+c,\#.u
ozl e 3y slasls 3 ks slals S leisle
v vy sIY Gioeshen Y<) 0K ao o
Viod < 1A% VAR (20, JTools
Vo VY V) @©/cm?) s 2l oyaia o,
o vy v (2o ) ) oy s,
YA Y oy (ao,0) gl cughs

(P lo3T pgld 10 (5o p e Uiy i 9 U SIS 4 pald (53 wid 0 (o2

@ ol g g,y gyl Sllsy (o)l gileand 2 50
e 9 s RSoslal Qlly; e o 23 (5 j5laen 3o Hobo
gy JY) @l al> e (nl 00005 o)y 055 b 4 el YT
Cgy 2D (§glaen JolS b 4 pdih Cgw; g a5
g 59, aiz (b ol Cogb; Glime pelul p oad (5yslaex
S gmmdis a2 0 V0D (slod 10 (gl J0 L 0 Sl
S olals lgied) Cgw, Sas 59 9 b oals 1,8 el Y
205 s pSoslalp S s

DEM aws

SEmhe 5lobl 5l s s S8 eBalsl psls o
S K VF Canon IXY 10S (090 SoS 4 00,95 05ul
3y plxl S mhaw 31 (6 yianiils Yo glas )| o (g5l p Se
2 50 Sliged doyo A Loadaid I uSe dae B0 0 dg0
Y Jguz o a8 o eolaiwl glas )| a8, Jow agd sl cal> 1o
el oo 035 olBiule;l jo solauls g yury90 Slasuive

Ok GilER B Ak (sleand Guesd 5 sl o
Ol 50 psld gl pled oS lhe (e 4 Slly, Atwgy
Bty a3 B pslh gl IS 1o 5t ol sbmal 5 (g
s ool 00 S oy dalol Gguy ol je Gy, laul dayl i s
Ol @lr cal oloy ()b lp il ey sl (g5l
8,5 Sl )0 adds 93 (LS lahagh wdzgl & dtugy
SE ol 69y B Reon el &S Slegnlay ol
SNb S e ok edb by (Arabkhedri et al. 2020)
sy Sy, okl S > S Sy s el (See aslie
sl by sl BBs 5l Glly, s (S0 g 05
S 55y e Gl 35 53 ety Sash, ;s Sk
lralr Cosgame ( 2lislejl psld jo rizren 098 HluSy
s elralr slp ¥ 655 Slls, Gl 5 9ls 3525 )3
Boix-Fayo0s ) 5 ;.5 & yg0 Slguw, St Gl ;Ko 5 0,105 1,
(et al. 2006



(g3 — oode) YF+) Coliqud )] ¥ oylods BT 0593 iyl S 3 OF Wl YYY

Salo3T ol 53 03listuld y90 (590 (SR 9-T Jous

Jlade 59 Or,9°
6.16 x 4.62 mm g 031
4330 x 3256 BY SO PYS) Canon IXY
4mm 35 Jsb

[z}“: (Xi-Xm)?2
RI = IT (f alail))
S e by o el i ok glas)l jlade X :QT Y
s 230 sJshe las )| polie .Sl Xin 5 (o oo
ol gy ool sae N g (o o) S e 8,2ty jo
DEM sy &3lasl 4y Jolo B ;0 0 S yoxie 8,2xy 0 DEM

By Jae 9 ©p) 2P (2o Al el oolitulo)ge
S 1) 9 20,5 4 Arc/GIS10.7.1 l38ls 5 SeS @ gl )|
Lo RO (g larsl slooli b alEislojl asls 1 oud drlone
bsye R2 g Jol G20k 5o 4 by e RLJsl (31 51 8 &
WAL (Byme iped )L 5w 4

Siloderd duglie sl 0l S5 slacs oIl 5l
anels g ol8italojl ;5 (5 Y catals jo o3ud b pgld ;5 ey
(Plas iSlas SaS a4 ol Jokw o3Il b glas )l 098, Jow b
(Sl i 25D Anglin (525 Jlomo ol 5 oo cLangi
Pl sl el )] (og8) Joo sl cenlin Johoo olal Ll
Je s o pladl RISl psld 5 Lo 5 ool
WY A Y O slaojlil o RO clls o glis,l sos3, sl
AL 5 9 E] Lawgio DEM o (glp 5 0b e e
Al bl casln Sy o3lasl g dslae

55 R2 g RL RO clacls 15 (6,05 ilos Sl pesis 500
5 goindids 0gld 10 (6] pized LA duglie ST A o
Gioshes PIASVIY) Y dasgie (oo shoa VIY) % 65 LIS e
a5’ (Wang and Lia, 2018) o oolazw! (e oo >YIA)* 555
S aw ;0 RO cdl> o (g5 aile Slade bl o o WS
3625 SO Slis ag) g el QB! () p 09
QD owy» R2 g R1 olayg, Jobo
(DOD) gyl sosdy Joo rglis sl
g oadloy bl Jlade (i 5 lolid lp (g cnl )
Sglis 5 a8 DOD sl 51 el 99 b 4o 6 NS sms,

Jol> (5L 5lan 5 8 sloSe 5| sy sla DEM ¢lis )|
oa>Ls (Balaguer-Puig et al. 2017) o oolaiwl g oo

psls (2ye 5 Job sliwl) 5o ()90 s lonmSe Gl
O J58) 285 Oige GopeSe 5 oS> by SeS @
L gy alais VA 5l o WuSe 4y poslaize glp yuioren
oolaiwl gy ouls apad pold Coas g0 j0 AT atine Slatte
Agisoft 35le 5 eSS a0 olBiale;l jo o0 augs (slo oo .o
Wao,S o elas )|l 98, Jow 4 phtoscanl.5.5

655‘ 9 (8o902) &l.é.'i)l s ;0 DEM oo (s gl p
Ll e o b 5 alaii 14 oS o (gl,y RO adyl cll> o
@ 2islejl pals jo 0l Sl psld 51530 10 Sgg0 J S
021 45 s (g ool S Ll L0151 (S (S S
Joe ;o el Hlas b3lail ol a8 3 i o slodalice yolis
O (8l ized 0 (5 S 03Il 1 (53,51 ) £l )| ses8
S 90 b o (6 ,eS0slil gl | yolie elis ) como
S bl Jore ;0 el (o093, Joo gl )| polia b 55l
M3 Slagyo 5eSile j32) RMSE (glao,bel 5 s oo,
gz T3 . Sle) MBE T (Elhe slhs .SLe) MAE
Gkl e sy Sl (e ) R 5 s (s
W) (\‘H Gy 6[.@4.24‘)) solawl 560)91).‘1 JJJLD.A l) Slaslie

(V akaly)
RMSE = /ST [Pi- 01]2/n

(¥ akly)
MAE =}, |[Pi- 0i]|/n

(¥ akaly)

(B 1(0i-0)(Pi—P))?
T 1 (0i-00)2(Pi-P1)?

Slode Oi ‘ﬁ\ i Jskw 1y 60)51)-3 Slade Pi :LQOT oS
w‘ l.QJ?J.w slass n 9 r:‘l Jslm (_.;“).1 ‘5‘0\.\.QLH.A

R? =

O Sladi (o) 3 RI) (Bl (5 05 5L

5 eaBaalesl psld yo Bolai (55 a3l ragly ol 5o
(o) adgl & yp0ds (o) (098, Joo SeS 4 ¥ oabail) 5,0
255, Jaw (Cavali et al. 2013) o diwlxe Pous Jolae o
(ohol DEM ;5 45 ol e ol & wons Jolee gl
ROWI PRV R X P W PRV Py K 4

- Smoothed
- Smooth

- Medium

- Rough

00~ N

- Root Mean Square Error

- Minimum Absolute Error

- Minimum Bias Error

- Coefficient of Determination

EESVS I S RE



TYY bl olimo b (8395 oy o BLI 1 oy 30 1000 g (o0l 5

8 el o098, sloJow (sUas Epempre 5 Epem post (DOD)
ool L 5l g
dwlo 4 pladl oadcails p S ol s 3
a5 A aloles &3,k 5l (SDR) Goges, g7 Carnns
Soil loss (/\ d_!a.:‘))

Olyee Erosion ¢ «(p,5) S ol Soil loss a5

el 5l s (Zhang et al. 2015) el (p,5) S sls,d

SDR =

Erosion

e (Slolaz a4 pladl B1E G je a5 Slewle
9 o pold mhans )3 gu) 978 S 9 S Sl il
aw ;> R2 g RL 5L ol 99 50 g5 &b B9, (o) 2
o0 Cugs 5 Cablay S (ST Sl b gl 3)9e S

20,5 plxl

) S Jd Como (il 9 b JuSiy o510l pmend
e,

L oslas,l 088, Jow g ccwln JuSls ojlasl Sl (6l
2 ol (555 5 8] bawgio 5 s ilises (sloJuSy o5l
Ol loges sl sadoslaylid S diges aw lp ¥ JSS
S anw ;0 e gl 990G 31 Sy o3Il Jiol38l b vws oo
PSS 6l Lagite ks (LS g 09,1 o 0masS
T ST o ISR VA GICPRC P W SRS RY
o305l o Lol ol a8l o381 wo yo P/ 4 £2/2 £O/R LS 5
25 9 W, St (s e dee VT 9 A B slople JuSoy
uL?t.u‘ LS)‘A‘}M Y J.“&.) o)Lb‘ AM )b w‘ ib)l.nJJLQ
)...J w)b)) M.C).M: auLC)Ua‘ L}.J).:wo)‘ » 05){.5 aS o
Aog> g aiold pald oy jo Calizes Sildased gl .ol o33l
Balaguer-Puig et al., 2017; Mondal et al. 2017; Lu et al. )
DEM ¢l )l &l s iol38l g coeo ralS™ 5l yLis 5.5 (2019
Oized 3yl gl )l 98 Jow JuSCy ojlasl xoliél 51 s
2Ol e (SiSz g S s S as8 38 i gl
e 3o 85 Sl 5y9p0 pold 5o Giale b slhanl b
D9l plxl o o, » (Balaguer-Puig et al., 2017) o Lo
Plae (o) Bos 4 Al pgld 1o culd sl Dldlae e
9 (£l )) (goges cod Coro (gl p Se DU (S
Balaguer-Puig et al. ) yio Lo ¥ 5 (plo JuSy) 28
ilesls slprig 1, (2017; Wang and Lia, 2018

(g3 — ole)

A Ao O all, S 4, DOD
(0 akl))
DOD i= DEM post — DEM; pre

5 ok 5l an el (oes8; Joo DEMpose o] 5 o5
55y o ol ma ()L 51 S elis)l (eg8) Joo DEMpre
5 Ok BB 5 am glas,l S DODi 5 (5L 5l we glis)|
S5 & il 59 50 51 DOD 5 el (o lin) ol Jolo
51 (DOD) suslcessay glis,l Y] aii 18 ob drwlre
bl ool a8 Bl 51 8 o s (31 5l o JuSCy glas )
elas )| Gaal38l gladais jo 319 ol solog, cubls s alaii ] 5o
— gy g Cubld p aS Cuwl 001555, (6,105 g, 9l odaliv
Sl ol (Bire ol g s polie L i 4 (6,108
(Cadls ) st polae WIS 4w 4y ouslcwwsa, DOD (>4 ,>
@5 saib ()5 opm)) Sude 5 (ES,] sl (9) Soo
SN gy b 5 bloy ST 9 40 ahils o alal, S
IRV TRV R e
M =Ax %L DOD; * py (# k)

(p)5) 6 08 g, b clils y S 455 M ol o a8
glis,| B3| DOD; (aye yoo o) Sy 2 Cmlie A
Pp 9 JoS olani N (a o) plT Joboo 53 55k J3 5 am
ol p 28 Skl e SB el egate gy
Ll (caSe

G il 50 Seree S mhau S nl ezl
5 SB ez Gl (Jgl ()b ol jo wiius 00 )95l
35 o0 D50 08,9505l S (5l ogate o> Gl
A (g% p 03,55 p5h S x> S 5l i gl
TS a4 Gk am el ogasa py> s 51 DOD
Giowilos Yo ) S ad) £lis ) 45 o 0zl a5 sslinal ik
Jsl 23t 51 b el (cagdy Joo 3l onalosnay laie 5 52
DOD auls (sl oonlawwsdy 098, Jow 5l 5 0l S
Wheaton et al. 2010;) mle 0 puzmen o0 oolaul
4wl ,o (Balaguer-Puig et al. 2017; Wang and Lia, 2018
slaJae sl ()l (5,105 gusy g Ludloy piolie Smeo
) 05 o oS (DOD) sles glis )| 3O 511, elis | osd,
oas 03,51 ¥ Jge,8 10 oyl dolas a5 (glas )| o538, Jow sl

Epop = \/(EDEM post)2 + (Epem pre)z (Y akaly)

&L&S)‘ L5‘°9§) 6LQ>J..\A U9La_' LSU"-"’ Epop Q‘ 3o as


https://www.sciencedirect.com/science/article/abs/pii/S0169555X16311734#!

(ordes) LSS sagB) Jon 50 gL 5] oSl
Pixel size (mm)| Kouheen | Sararud | Gachsaran
1 120.9 523.9 1220.6 2
2 120.9 523.9 1220.6 i"
5 319.1 916.2 5592 b
8 674.7 1150.6 1179.9
12 6243 790.5 761.2

((inbrgy — oole) VFo) el d )l oF 6 Lo DY 0590 (3l 3l S g o Sl

YYf

== gachsaran

..-s++ kohin ',’
”'
—i -sararod ’,'
- -
f” ~ .
- e
R e '.._..-
d".' - /.-""'-
PP T
PPt
..--"..-4"‘.'
oo &
1 2 5 8 12
(e ohet) JonSg o 31

ilisio 5l S 3151 4 RO o 33 DEM 33 (Sl JS5) (oobee) 55 3 (5 JSC8) (noboo) U5 celen wolie Y JSi

S oladod mls b awglis ;o4 oolatuls 50 Sz a0
Lol J38 B oS5 diges slo DEM gllas jlade ouls

ol 8 9 ohl (g 3lwand gl
S digel (59, »oad plodil 5L g0 b S wlal ol
& lodcds s ol oadoslolis F o 5o ialesl 9,40
oadlice 5l Lo 480 g0 oy lis pgS S diged o o)L
£9 L 5o 9 akB VA 51 ey Jsl G5k 5o &5 alwgy b >
Oliae e ol (ool GBgie )L ols -y aa B VE 5l
clale g 28 YFPF 5 YEPO o5 @ oy, 90 S lals
a5 Jb> o ol Caws a ) 0 65 Y 5 FO Ly bwgie
o Ve aads g Jol b 0 TV dads o 0g,lm S diges
2 S S e 5 0 oaslie dug 0l 050 Gk
SYsb cde i g Foilail Y10 s YAV i 5 44R2 5R1
olizle Jdo a5 0g )l S 0 dingn b ,> canlice ol
c>ge a5 Sl SB ol o (e, VIAR) ok Jl ools ¢ (slals
Dged el 00l S 50 Ol (6503985 5 laislos (6, lul iol38!
4 Seo5 (6Ll Awgy by odalie a5l 5 ol LS S
S g0 0 4 Cad S lal e Ll clils eSS
YRR 5 VAP i olg) 99 )0 9 i )l 5 (89S
Qo0 BY Jlade g lessl 3929 pae Wilgh oo e 0l i 6 S
Arabkhedri et Ll cpl o .abl 5, Jus pb g Sdow ggemme
Ol g0 eads dalllae S aws (g5, p gk b s al. (2020)
St S L 05 4 o )lund SB oS ws S (o Bebos
L bl dlayg, ;o S ol jlade g ol ooy pdy il
S I VA g VIF sy s cel o o VY il
el 0392 391500 g (295

2> oLl s S SYsb Gloy e ez b ol (3L 50
e oS cenl oo 5L 5l yieS gy 950 S as jo Uil

b g alaii 14 ¢l RO cdlo 55 (6 o oo ¥ DEM (slas cyuass - Jogor

ey el o el ailaie
A A RMSE (mm)

\IYe <leY MAE (mm) OeeS
Nids .12y R?

i Yy RMSE (mm)

YIv ol MAE (mm) 39, yas
<IYA -19A R?

I# AT RMSE (mm)

/¥ ofo¥ MAE (mm) oyl
%4 <120 R?

RO o o oS a0 £lis | nsd, Jote Coomo fpesd
slooylns ;o 35290 S blE (59, » b3 5 alais V] sl
Ll o o aes o lis bl ol Al (Y Jguz) pold
5 Sg)lpe (epsS S wigei DEM oy RMSE gl
) 8l s 55 g yieiskes OIY o TIV P\ o5 4 o) LS
ax ;0 MAE 3,Ll Blo> 5 iSTos sl o Juo #1574 +/F
V) 09yl 5 Giogghen 1+ ¥) Gl S digas o glis )|
BT Jae b ol S digad 5 Bl x5 (asles
R (sl p2 eipod ol 0351 oo lon VIYF (psS
x50 0yl S digad 1 (53505 5 slodmlie polie oy
ol VA 5 AN s A g jlade YL (B8 g gl
FSe05 Sy 4R g jao 4 4z » MAE s RMSE (sleo Lol
3ly oyl L DEM GMlis| oy yieS amsylias il
S5 4 sadei DEM sllas roes o Luetal. (2019) .ol
Rieke-Zapp and g yo Lo Y/0) RMSE caials ;o 1Sl 5]
L S isle,d alBisl;l ddlas o Nearing (2005)
Slade ailos,S o 138 1) e Lo Y RMSE (Jlozus pmy90
5050 Lomo wosliituls 9o 1l a4y dten (g0g8 DEM (glas-

Az il Giegh (pl 5o el Oglite o) p 9)50 wlidie g



TYO  cabloy olime b (895 oy o BLI 1 oy 0 100 g (o0l 5

Cagby pgo ()L RS g oy ash, w50 ol o)k 5 8
el 009y gLl 4 S0 55 S

(g3 — ole)

ped ialesl ;o S 5YL adl cugh) g alu JuSas Wil oo
S Kiged A 3 o 6ol S cub, ke il

b3l 9590 S wiged 5 093 3 Jol Gk b 0 S Gl awlno S -F Jgor

Oyl 95l

ORsS

R2 R1 R2 R1 R2 R1 <
Ve d Yoo Yoy Y0 VEYO YADY (ai3s ) )b oley e
V-F YV YAE) 457\ VO Y veop G Gl o
¥4.9 fYas YV YEY4 \Aiai YEFO (%) Sk ol

-4 YEIY £0 \iJd VoYY VIO Gd) Sl e

s VAY v Ve e 0 G 5o p9) oo el
YAV FAIS YVIY VA Y vary VAR G ooy wn

v5I% Ve Yo YYEIY i VORY D) S s O sl e

SE diged aw j0 pold o (Bolal 50 sunailb

il a5 aas oo (LA 55 (B J992) GhleS 5 99 o c0mrgS
R2 4 R1 RO cJl> 4w o (Rough) 55 9 Smooth) s, (5 5
SR o yd dlag; g0 (o il ] (Slgls on eS g b
(Rough) .5 5 (Medium) lawgie dils 5 iol3dl o5 ddbs
2l ) sl Sy S ds o Wy, oyl &5 el azily tals
o3 ial33l g 5 a5 el (g yme oo ¥ Sy o5l L
OIS Slgs woys el )l G Ll e 4y (S
(Rough) WS Jlgl 3 as o ¢ ials” (Medium) 4 (Smooth)
ol Slik ppew oy s gemme 50 b oo I
45 el SMOOt) o5 (5 25 4 52 IS glgl o
Slidos gl Cwl sy g cuigs slasul @ ggerme S
3,90 dib e 0 (505 ol olas Vermang et al. (2015)
b 25 9 25 Sl ) Ak el 8L Al o)
praieb 4 bgipe (05 B (piden 5 wlials 1) Syl B
IS e lsen iz ol slaasily b a8 ol sy
S5 o9 Oy g Sk glaosgazme (395 (LS JYs

e 059y LSy o581 (8 LSl 5 ok 51 U b

of uisaiiab g pgld 50 (65 Oyl (omi ) 2

;S R2 g RL RO el aws 4o a5l IS 18 dol (s ) aibe
855 09 Jloy e 4y .l 00 00,51 0 Jgaz 10 S aw
a5 Al 3l 5l o s o aBiaslel psls o 6 p;
ol Jlo it (sl SS9 dmlin (510 (5 polazel 350 daseiis
Sy dlo a5 025 o LS S aw )5 (505 polie ol 00l
RO adgl <o ay o o909 Jgl ()L 51 g S (oelas
i a4 hwgie jsb 4y (hleaS g 09l (S S 0
15 Gty Aegliin b ol 4Bl 2alS o )5 YV o F5 FF sgum
OS¢l oo 08y > g0 il yo 58 aile &l s R2 g R1 >
(e LS & pelas g 525 RO b s lie 50 5 alS s 3 Lol
SR S dged an )0 s G5 Cde el s
S 5 SSzsS balsls a4 SB sbaliSls 5 lasls
Balsl bl Sl 9 ol b pibiess S adyl ol
e S plale carge g ol sbnl 35 e Gl (S50
s Da Rocha Junior et al. (2016) Lsl, cpl )0 .09 c0 00l
oS, Gab S e ey Leels 55Cogo et al. (1984)
il oo S

R2 9 R1 RO > 4w 3 (525 oM 52 otpms 030 Sl 3 (o o) (5325 0311 dilso —0 Jgur

R2 R1 RO s R2 R1 RO i
o0 (yo0 hao) (%0 slro) 4o

va/. YA+ O+ Smooth

1a/y Y.y fY/. Medium «I +IVD V¥ (e gS

VA VY Ve Rough

Yon Y/ Y¥f/. Smooth

YY/A YYIY fVIY Medium ian i \IY 39, yaw

YN Yy AMA Rough

7FIf Y10 fa/. Smooth

YA/Q Ya/f \gdid Medium «[AY +[AA \IY Ollwas

FIV viy \F/f Rough




Ol soialojl oloy o9 5 FYsb aazgil a5 cosl o5 OVPY
SeoF (ppsS polie 4 olg) 93 5 )l 0gw; 9 Sullo
23 b oley o992 obsS 952 b hleas S o Ll el
SIS Cgmy 5 Bl (e K00 S 55 4y S Bl 50
5 £ PVTOF s MIVeY i ar ol G0k 5o 5 siian Sl
pae e oS Casl 0dgs p)S FVORY 5 VAV pgs 5L o
2dyoiebeyd Shd Gl ol polie 952y 5 Gladle S92

Kouheen R1 Kouheen R2

| Detachment: 14240 (g)
Deposition: 4511 (g)

Detachment: 87529 (;
Deposition: 16327 (g)

SDR:4.0% SDR:17.3 %

( I::'l:.
L/
SL: | SL: |

3465(g) 2464(g) |,

/

Gachsaran R1

Detachment:112202 (g)
Deposition: 61454 (g)

SDR:4.3%

SL:
4796 (g) |

Detachment: 88025 (g),
Deposition: 12014 (g) |/

Detachment:39070 (g)
Deposition:31591 (g)

SDR:10.0 %

((sinb gy — sole) VFo) Cudigusdyl oF o )l BY 0,90 oyl pl S g o Wlidxs YT

Comy J1970 Comd 9 (5105 Cgan ) (el 1 ke (et g LS

pokd gl 5o
(U4 8 9 o DEM &glas) DOD sloaiss gy gl
S B ol QM]V Jﬁ)b O‘u\ij) 5.)56[?).06‘)4 [aslﬁ
i a Jsl b o @IS gy 5 Cblo gy (e e
05 FOVY 5 VEVE. ngs il 0 g o8 VPFTY o AVOYA
9V UV g b )3 9 e S AV 5 AAYD ol (3L o

Sararud R1 Sararud R2
,."‘I- Detachment: 10907 (g)
/| Deposition: 5767 (g)

SDR:3.0% SDR:10.0 %
[ sC: SL:
2679(g) | L2105(g) |

Gachsaran R2

13909 (g)|

SL: Soil loss, SDR: Sediment Delivery Ratio
SIS digai aw ;0 R2 gR1 slasg) 95 38 SDR g gy &25855l 6,105 Dy (el 2 oo ¥ S

Sy 40 g ool lad Cleglie Jlml 4 podds ol b
lasls ety anlpl s 3 S by SzsS gle gl
p oS Sl o3ls &) (bl )3 pg g Jol (AL 0 ety
03,5 obul (Sawly g oadpar Jewd 0 Slgw, 5l 0k
"ol 005l GEE 45 Gl e 5 g0 ()L 50 (eizeen
L Ll 3355 sl sbagl b Jsl (ol o 45 2,8 o0 55
OBl 53 (Faglie wolly) par (Bl 2 egdle (oS Culis
Jol> ¥ SCs daz g3l £g0mme jo lasils pgo ol b ol)d
9 99,1 (o09S SL 4w ;5 DOD slaaids sunail |
e 3l i sl BS99 5 Jol L 5o Dl
sl b 5l ol ) et 5l Ol s (ol e a5 o
o0l 0lyd plralr g sl carge Ok ele 5 0500 o0
aads O, aS wis S Lo Balaguer-Puig et al. (2017) .ol
Se 0 pFed g S o Sl e e T Bal b AL

S Jgl olaugy 50 (6 108 Cgany 4y Cd ol (pl camo o

Oley o9 S SVsb Wl Sde el pgd sl Sl i
oads obml slaaz oS 4y Ll wlhd 845 5 g Jol Gisles!
sl JUsl LB &I pad ool b aizen aBL o5l 5l Jol>
25 S8 Ul w1y Sy, 5 ohl Skl bug olral>
Obb ShkS 0595 51y 5 ol Gl Jel> laasols
Lo Sl ity 5 la Sid 9,8 (s Esly 5 oailien]
o 4 Jol ()L 50 psld o ggomme )3 ad psld mhaw o
P90 Uik el 438 5090 lralr g 438 (o has
@ S Sy e plizmes (Slly, e RIBIL 58
Pl ) 35290 (b 65 o2 b g Sl e (SIS g,
s sl g cdls gl ald olal 3 e mws jo cels
4 e 0 il bl e Lol sl o azily il s

1 - Seal


https://www.sciencedirect.com/science/article/abs/pii/S0169555X16311734#!

YYV o calilo gy ¢lime b (5325 oy o LI S1 (o 2000 9 (ol 5

O DRSS e Dygo 03,5505l S 50l psate o
wold p polie Lol s aswls” Jol i,b 51 8 DEM 5l jlade
ol wedoe plas pgs 5 Jsl ()b 0 SDR g iy
D)8 3529 senm abaily )y

5 Jsl sk sl oalEitylesl ools DOD as ¥ IS
S aw o1 pold Gl 5l Slisesisl ngal ol on 4y pgo
aa> gl ams oo lis Uinlesl 0,50 oS> 0 R2 §R1 RO
Sl 51 la JUS pls sl )3 o ws aitie 55 ha IS
W, G HAS e Ceows A (55 9 Wload ol 35 35 ke
Sy oo ol ade 4y aS oulds mhavse oS mhaw 45 04d oo
as olo lad hluaS S diges (555 Bl bl .ol adyl
FoS s S gd a4 Sund e g Jol AL 5
35,5 4lo 3 Morgan (2005) .o,8 oLl S o 03, S
039l Loyl o oS &S Jype,0 S Slakad (O yulide
Laslio jofl) Gule 3 &5 wilg go el oals LS5 xdan
o ol ide e e

ALY A
DOD R2RT { 0 DOD R2R1
-mm:mw A e 7000 | g High: 5266
B ow: 706 | W Lo 26 |\ == - g | o

(SS9 — ooke)

5 ol slonil o il Cetgi g ol 00y canSe jagils YAY
ol 00l Oy eVl yo clils
R2 4 R1 olagg, 90 ;0 ool dewloes SDRjlade (izmen
(2SS 5 SDR e cans o ylis S diges dus
it W YIV g 2IY /Y 5 5 4 R2 0 )LluxS g 04,0
S99 b g gy sl e 4 Jsl 5,k )0 el 0 S RL
pold sl & cusloy Sl (oS idu et 5l Jel> 05
Slode donid 4o g el Caws 4 S Sl O ysods g oduw,
S maw o mave aax gl 9o 5L 0 .cwl o5 SDR
5 oy pld Sleil 4y adly iale 3 Sl i i
Khaledi Darvishan et al. .col a8l l38 SDR e
555 ol )3 gy e o 4 038 S ks 55 (2021)
(95 & O LS ooy pllals Sle @ (@0 e )
Sl 2o, V07 Jolas sl i o A0 ol j0 9 S5 o8
Sk ol Gl L S 0 o, @il e g
W el o2l 5l Jol> 605 g (nl )o el aiBl talS
Khaledi Darvishan et g.a>c 0 Lol ol onls gusy izl
33 el 0391 625 e L 5 Blo S mhaw al. (2021)

Gl 5 S e ol g Gl slanl o tesiy ol

Top o Flume.
ipia »’\\’

s

J3R2 $R1 RO cllo aus 55 pold clecl | Sljgo97 sl 33905 of yod &3 (R2-R1) pgs 9 (R1-RO) Jsl o,k cslyr opl5iis ol pgls DOD ais —F Jsois
(@) b 5 (9) (apgS S (W) 09,

O 98 Al Ll 098 o osaline (suig; () Ale 5 edgs
Ding and Huang (2017) .58 oo odalin 5pm) b <l
2l ey 35k sl Wlgice ey sy &5 W08 Gl
Lol ool tals S olals 5 Gl jlade a0 g 358 S
ol e 2lS 31 el e axba alos sbon) s 4 (S b aalsl b
eimat 955 S lud Gl el o ool (s s

ST gy g ublo y (S Sl b (g ) Wigy (om0
SIS Cgay g Sl p (S Sl g (6,5 Al Kig) (o2

OLas (0 JS&) sy pr 0590 S aws )0 R2 g R1 slayg, g0
S g dayl, S maw 555 L S Sl o s aes
Sools (y yuiored )10 3925 Jod LB 5 o0 O maw o



Jole sl S Sl Glie I35 51 Jelge 51 (SO e 6 2
&b 0g> a5 sl S S gpdmled S0 e
Slge oylime g AlaS> (6 Ik )3 o3l a g8 5l old (S

((sinb gy — (sole) VFo) Cudigusdyl oF o )l BY 0,90 (3l ! S g o lidxs  YYA

olas 2Bislejl b o slasllas ,o Darboux et al. (2004)
S8)9,8 0975 b kSl 4 Ul a5 Slej a8 ol
b il ) ogmsy e g o5 1) Sl wilsi o b Sael g
2,5 oamline |y il el led oo 38 Gidgh cpl jo ams rals
polde 0929 b g oo cdoline -0 S0 o a5 glasgSa

70000
() -
6000 | T wl * G-RI
R®=0.8873, P<0.05 CLL U —
5000 « CR1 . 50000
. i
4000 « CR2 Y 40000
3 KRl , =
9 3000 SRI 2 30000 * GR2
o + K-RI ?:
» 2000 . =
< SR2 20000 R
1000 10000 * SRI
*5RX KRie
0 0
0s 0.7 07 08 08 08 08 06 0 0 08 08 08 08
{yia elue) (5355 (550 obet) (5385
120000
* G-RI
et
w0000 | =
s S-R1 K1
. 80000
2
3 o000
=,
L
= 40000 * GR2
20000 K-R2
* 5R2 *
0
06 07 07 08 08 08 09
(e olee) 5505

x990 SB aw )0 R2 gRL slayg; 99 39 (@) €l 2 9 (@) ST WLl () )15 Dgmy 9 S 25 Mgy (ot =0 S5

DEM o pzx> oS jlade cpl il oo Gl8l S (0l
39 SDR g Cuingd eaislo ol Lol ol bl Jol (3,L 51 L3
)13 S92y alalyinlys (oleel ee wasoe plad AL 9o
Szl 605 L S Slals o ao oo lis bl oo
Gz il o0 5925 do )0 O haw ;O ek g Hlo Jxe dlayl,
5 ok x5 8 DEM 4 L ol oo oseliason, b5
SB x5 lade il b oy czed 0] cuss 4,
ORI b w0 (@ S DU (e 4 Olpies
Slyats b 3blo jo bolug, a9 L3 ;0 leals ;| DEM
m e o o)l et aiile gludl slacodled 51 oL (YL
Gl s i S il g catgd g cudlo g polae 4 olgs
Ol s b a5 ol eyl o s & 039503 S 5l a8
gy 28l Cewd (s i kelan gl 4 o0 Conlid pac
Oh)k S g b (g 0093 St akels mhaw )3 S9d o
abal; g plxl 5 SDR s sl polie (b)) (ol

g Sdbp Gle bp) copd om bLS) Ghagh cnl o
pold 3 DLk S3lwaned b 03)53 0t SI- o (6l g
o0 (g3l S diged ds s 30 (gusy pr BLsLoS]
olil Plas g 2l (GhleaS 5 99)l e (apsS ble)
caslice o5)|).w 9 u‘)w S 6[&4.:9.0.: o w); LY S
35 peld S )0 (Bolal 6 ) sladinl wo s @l (o) p 00
el BMOOtN) 35 (5 25 42 (25 SIS Elgil o 51 Las
A lie ol Cllils g cigs o] 3 egeme Sl S0 aS
poolde cpl s oo lasolaygy 90 g S a0 ey yolae
p9o Slugy 5l yiden Sl Jsl ohug, 5o @IS Ggm) 4 S
pold slesl ar sy 5l (goS it (8,1 52 50 eiares el
)‘.\.M m 29 \)9.....'6& C)l? S ol 9)5.»04.‘ 9 0l
u..\.w C_E.M..A 4.54?94[4 P9 u.u)Lv B Sl WS IR Ml?bo SDR
psld slal 4y 4ty il S 5l s iy iy S e
6‘..\“‘ el u“'bﬁj" U”‘ 5o ] d..ﬁl;u.u.s‘).‘i‘ SDR u‘)—o.b 9 0wy

eyate prz g Rl 03,530l S e sl 55k



TV bl olime b g 25 copd (o BLS ) (o) 2 100l y 0 g (0 S

"0l 0929 W g (e 8bw ()5 AigS a

REFERENCES

Ahmadi, K., Ebadzadeh, H. R. Hatami, F.
Mohammadnia Afrozi, S. Esfandiyaripour, E. and
Abas Taghani, R. (2022). Agricultural statistics.
Vol. 1:Crops. Information and Communication
Technology Center of the Ministry of Agriculture-
Jahad.

Arabkhedri, M. (2015). The possibility of estimation of
long-term average annual erosion based on
measurements of erosion from a few rainfall
events. Extension and Development of Watershed
Management, 3(11), 7-15. (In Farsi)

Arabkhedri, M., Gerami, Z. Shadfar, S. Bayat, R.
Parvizi, Y. and Nabipay Lashkarian, S. (2020).
Comparing the performance of several erodibility
indices' equations of USLE model at laboratory
condition. Iranian Journal of Soil and Water
Research, 51(7),1725-1736 15. (In Farsi)

Arabkhedri, M., Mahmoodabadi, M. Rouhipour, H.
Heydariyan, A. Lotf-Allahzade, D. Rahimzade, H.
and Amiri, N. (2008). Study on rain characteristics
and calibration of rainfall simulator of Soil
Conservation and Watershed Management
Research Center. Final Report, Soil Conservation
and Watershed Management Research Institute.
(In Farsi)

Arabkhedri, M., Mahmoodabadi, M. Taghizadeh, Sh.
and Zoratipour, A. (2018). Causes of severe
erosion in a clayey soil under rainfall and inflow
simulation. ECOPERSIA, 6(4), 225-233.

Balaguer-Puig, M., Marqués-Mateu, A. LuisLerma, J.
and Ibéanez-Asensio, S. (2017). Estimation of
small-scale soil erosion in laboratory experiments
with structure from motion photogrammetry.
Geomorphology, 295, 285-296.

Bertuzzi, P., Rauws, G. and Courault, D. (1990). Testing
roughness indices to estimate soil surface
roughness changes due to simulated rainfall. Soil
& Tillage Research, 17, 87-99.

Blake, G. R. and Hartge, K. H. (1986). Bulk density. p.
363-382. In A., Klute (ed.) Methods of soil
analysis. Part 1. Physical and mineralogical
methods, 2nd ed. Agronomy Monograph no. 9.
American Society of Agronomy and Soil Science
Society of America, Madison, WI.

Boix-Fayos, C., Martinez-Mena, M. Arnau-Rosalén, E.
Calvo-Cases, A. Castillo, V. and Albaladejo, J.
(2006). Measuring soil erosion by field plots:
Understanding the sources of variation. Earth-
Science Reviews, 78, 267-285.

Bullard, J. E., Ockelford, A. Strong, C. L. and Aubault,
H. (2018). Impact of multi-day rainfall events on
surface roughness and physical crusting of very
fine soils. Geoderma, 313, 181-192.

Cago, N. P., Moldenhauer, W. C. and Foster, G. R.
(1984). Soil loss reductions from conservation
tillage practicesl. Soil Science Society of America
Journal, 48(2), 368.

Cavalli, M., Trevisani, S. Comiti, F. and Marchi, L.

(g3 — ole)

355 s S Sl L mbas (55

(2013). Geomorphometric assessment of spatial
sediment connectivity in small Alpine catchments.
Geomorphology, 188, 31-41.

Chaplot, V. and Poesen, J. (2012). Sediment, soil
organic carbon and runoff delivery at various
spatial scales. CATENA, 88(1), 46-56.

Da Rocha Junior, P. R., Bhattarai, R. Alves Fernandes,
R. B. Kalita, P. K. and Vaz Andrade, F.
(2016). Soil surface roughness under tillage
practices and its consequences for water and
sediment losses. Journal of Soil Science and Plant
Nutrition, 16(4), 1065-1074.

Darboux, F., Reichert, J. M. and Huang, C. (2004). Soil
roughness effects on runoff and sediment
production. 13th International Soil Conservation
Organisation Conference, Brishane, July.

Ding, W. and Huang, C. (2017). Effects of soil surface
roughness on interrill erosion processes and
sediment particle size distribution.
Geomorphology, 295, 801-810.

Favey, E., Geiger, A. Gudmundsson, G. H. and Wehr,
A. (2003). Evaluating the potential of an airborne
laser-scanning system for measuring volume
changes of glaciers. Geografiska Annaler: Series
A, Physical Geography, 81(4), 555-561.

Gee G. W. and Bauder, J. W. (1986). Particle size
analysis  hydrometer methods. In: D.L.
Sparks et al. (Eds). Method of Soil Analysis. part
1. pp: 383-411. American Society of
Agronomy and Soil Science Society of America.
Madison. WI. USA.

Govers, G., Merckx, R. Wesemael, B. and Oost, K. V.
(2017). Soil conservation in the 21st century: why
we need smart agricultural intensification. SOIL,
3, 45-59.

Hadi Pour, S., Khairi Abd Wahab, A. and Shahid, Sh.
2020. Spatiotemporal changes in aridity and the
shift of drylands in Iran. Atmospheric Research,
233.

Hamed, Y., Albergel, J. Pepin, Y. Asseline, J. Nasri, S.
Zante, P. Berndtsson, R. Niazy, M. and Balah, M.
(2002). Comparision betwean rainfall simulator
erosion and observed reservoir sedimentation in an
erosion_sensitive semiarid catchment. Catena,
50:1-160.

He, S., Qin, F. Zheng, Z. and Li, T. (2018). Changes of
soil microrelief and its effect on soil erosion under
different rainfall patterns in a laboratory
experiment. CATENA, 162, 203-215.

Hohle, J. (2009). DEM generation using a digital large
format frame camera.  Photogrammetric
Engineering & Remote Sensing, 75(1), 87-93.

Houben, P. (2008). Scale linkage and contingency
effects of field-scale and hillslope-scale controls of
long-term soil erosion: Anthropogeomorphic
sediment flux in agricultural loess watersheds of
Southern Germany. Geomorphology, 101, 172—
191.


https://www.sciencedirect.com/science/journal/0169555X

Jester, W. and Klik, A. (2005). Soil surface roughness
measurement—methods,  applicability,  and
surface representation. Catena, 64(2-3), 174-192.

Jourgholami, M. and Labelle, E. R. (2020). Effects of
plot length and soil texture on runoff and sediment
yield occurring on machine-trafficked soils in a
mixed deciduous forest. Annals of Forest
Science, 77, 19.

Khaledi Darvishan, A., Sadeghi, S. H. R. Homaee, M.
and Arabkhedri, M. (2021). Sediment Budgeting
in Laboratory Plots under Rainfall Simulation.
Watershed Management Research, 34(2), 15-
3115 (In Farsi).

Li, P., Hao, M. Hu, J. Gao, C. Zhao, G. Chan, F. K. S.
Gao, J. Dang, T. and Mu, X. (2021).
Spatiotemporal Patterns of Hillslope Erosion
Investigated Based on Field Scouring Experiments
and Terrestrial Laser Scanning. Remote Sensing,
13, 1674.

Li, Y., Jiang, Z. Yu, Y. Shan, Z. Lan, F. Yue, X. Liu, P.
Gyasi-Agyei, Y and Rodrigo-Comino, J. (2020).
Evaluation of soil erosion and sediment deposition
rates by the 137Cs fingerprinting technique at
different hillslope positions on a catchment.
Environmental Monitoring and Assessment, 192,
717.

Lu, X., Li, Y., Washington-Allen, R. A. and Li, Y.
(2019).  Structural and  sedimentological
connectivity on a rilled hillslope. Science of the
Total Environment, 655, 1479-1494.

Mondal, A., Khare, D. Kundu, S. Mukherjee, S.
Mukhopadhyay, A. and Mondal, S. (2017).
Uncertainty of soil erosion modelling using open
source high resolution and aggregated DEMs.
Geoscience Frontiers, 8, 425-436.

Morgan, R. P. C. (2005). Soil Erosion and
Conservation.  Third  edition. Blackwell
Publishing.

Nelson D. W. and Sommers, L. E. (1996). Total organic
carbon and organic matter. In: D.L. Sparks et al.
(Eds). Method of Soil Analysis. Part 3. 3rd Ed. pp.
961-1010. Chemical and Microbiological
Properties. American Society of Agronomy and
Soil Science Society of America Madison WI.
USA.

Nielsen, D. C. and Calderon, F. J. (2011). Fallow effects
on soil. Publications from USDA-ARS / UNL
Faculty. 1391.

Nouwakpo, S., Huang, C. Bowling, L. Owens, P and
Weltz, M. (2021). Inferring sediment transport
capacity from soil microtopography changes on a
laboratory hillslope. Water, 13, 929.

Refahi, H. G. H. 2016. Water erosion and its control
(Sixth ed.). Tehran: University of Tehran Press 15
(In Farsi).

Reynolds, W. D., Drury, C. F. Tan, C. S. Fox, C. A. and
Yang, X. M. (2009). Use of indicators and pore
volume—function characteristics to quantify soil
physical quality. Geoderma, 152, 252-263.

Rieke-Zapp, D. H. and Nearing, M. A. (2005). Digital
close range photogrammetry for measurement of
soil erosion. The Photogrammetric Record,

((srinb gy — oole) VFo) g d )l oF o )lois DY 0598 oyl ) S g O lidixi ¥V

20(109), 69-87.

Saleh, A. (1993). Soil roughness measurement: Chain
method. Journal of Soil and Water
Conservation, 48(6), 527-529.

Smith, M. W. (2014). Roughness in the earth sciences.
Earth Science Reviews, 136, 202-225.

Solomon, K. 1979. Variability of sprinkler coefficient of
uniformity test results. Transactions of the
American Society of Agricultural Engineers,
1078-1086.

Sun, L., Zhou, J. L. Cai, Q. Liu, S. and Xiao, J. (2021).
Comparing surface erosion processes in four soils
from the Loess Plateau under extreme rainfall
events. International Soil and Water Conservation
Research, In Press.

Taconet, O. and Ciarletti, V. (2007). Estimating soil
roughness indices on a ridge-and-furrow surface
using stereo photogrammetry. Soil and Tillage
Research, 93(1), 64-76.

Thomas, K., Chen, W. Lin, B.-S. and Seeboonruang, U.
(2020). Evaluation of the sediment delivery
distributed (SEDD) model in the Shihmen
Reservoir Watershed. Sustainability, 12(15),
6221.

Ventura, E., Nearing, M.A. Amore, E. and Norton, L. D.
(2002). The study of detachment and deposition on
a hillslope using a magnetic tracer. Catena, 48,
149-161.

Vermang, J., Norton, L. D. Huang, C. Cornelis, W. M.
da Silva, A. M. and Gabriels, D.
(2015). Characterization of soil surface roughness
effects on runoff and soil erosion rates under
simulated rainfall. Soil Science Society of America
Journal, 79(3), 903-916.

Wang, L., Zheng, F. Liu, G. Zhang, X. J. Wilson, G. V.
Shi, H. and Liu, X. (2021). Seasonal changes of
soil erosion and its spatial distribution on a long
gentle hillslope in the Chinese Mollisol region.
International Soil and Water Conservation
Research, 9, 394-404.

Wang, Y. C. and Lia, C. C. (2018). Evaluating the
erosion process from a single-stripe laser-scanned
topography: a laboratory case study. Water, 10,
956.

Wheaton, J. M., Brasington, J. Darby, S. E. and Sear, D.
A. (2010). Accounting for uncertainty in DEMs
from repeat topographic surveys: improved
sediment budgets. Earth Surface Processes and
Landforms, 35, 136-156.

Wirtz, S., Seeger, M. and Ries, J. B. (2012). Field
experiments for understanding and quantifi cation
of rill erosion processes. Catena. 91, 21-34.

Xu, X., Zheng, F. Wilson, G. V. He, Ch. Lu, J. and Bian,
F. (2018). Comparison of runoff and soil loss in
different tillage systems in the Mollisol region of
Northeast China. Soil and Tillage Research, 177,
1-11.

Zhang, G. H. and Xie, Z. f. (2019). Soil surface
roughness decay under different topographic
conditions. Soil & tillage Research, 187, 92-101.

Zhang, X., Wu, S. Cao, W. Guan, J. and Wang, Z.
(2015). Dependence of the sediment delivery ratio


https://www.sciencedirect.com/science/journal/20956339
https://www.sciencedirect.com/science/journal/20956339

THY bl ol b (895 o 0 o BLI 1 oy 1] K0 g (o0l 5

on scale and its fractal characteristics.
International Journal of Sediment Research,
30(4), 338-343.

Zheng, Z. C., He, S. Q. and Wu, F. Q. (2012).
Relationship between soil surface roughness and
hydraulic roughness coefficient on sloping
farmland. Water Science and Engineering, 5(2),
191-201.

(g3 — ole)

Zhu, P., Zhang, G. Zhang, B. and Wang, H.
(2020). Variation in soil surface roughness under
different land uses in a small watershed on the
Loess Plateau, China. Catena, 188, 104465.

Zobeck, T. M. and Onstad, C. A. (1987). Tillage and
rainfall effects on random roughness: a review.
Soil Tillage Research, 9:1-20.



