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Avrticle type: Background and Objectives: Determining the amount of soil erosion and
Full Length Research Paper jts spatial distribution can effectively provide appropriate management
practices to reduce erosion problems. Direct measurement of soil erosion
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Accepted: 02.19.2024 watersheds in Iran need more accurate information, models that require
relatively few inputs make more sense than models with high inputs. Along
with empirical and process-based models, a number of erosion estimation

Keywords: _ models are known as hybrid models. One of the hybrid models is the
Geographic information Thornes model, which requires relatively little input data, and there has
system, been no research related to this model in Iran. Therefore, this study was
Hybrid models,

conducted to determine spatial variation of the soil erosion rate and
sediment yield in a part of the Sanandaj Gheshlagh Dam watershed using
the Thornes model utilizing GIS and remote sensing (RS).

Remote sensing,
Sediment delivery ratio

Materials and Methods: Two hundred soil samples were collected using a
stratified random sampling method and the parameters of soil texture,
particle size distribution, organic carbon, and soil CaCOs equivalent in the
laboratory were measured by conventional methods. In order to determine
the input parameters of the studied model, laboratory results, Landsat 8
satellite images over six years, and some monthly meteorological data,
including precipitation, precipitation days number and potential
evapotranspiration, were analyzed. Finally, using ArcMap, Saga GIS, and
ENVI software, the required parameters and maps of the models were
prepared, and the studied models were run. Sediment delivery ratios
(SDRs) are assumed to be a function of the travel time of surface runoff
from catchment cells to the nearest downstream channel.

Results: The results showed that the estimated average erosion of the
Thornes model was 0.76 mm per year or 10.24 tons per hectare per year
(assuming a bulk density of 1.4 gr/cm®), and according to the calculated
SDR, the estimated sediment was calculated by the model as 4.34 tons per
hectare per year. The results of the Thornes model showed that the
sensitivity of this model to some parameters, including potential
evapotranspiration and potential water storage capacity, was very high.
Small changes in these parameters caused a significant difference in the
results, which would reduce the efficiency of the model.
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Conclusion: According to the field observations and the investigation of
erosion and sedimentation situations in the studied watershed, as well as
long-term information about sediment discharged from the hydrometric
station (3.10 tons per hectare per year), it seems that the Thornes model has
been a relatively reasonable estimate of erosion in many parts of the
studied watershed. However, the type of model used to estimate the
sediment delivery ratio and then the sediment yield can have a significant
effect on the model's efficiency. Considering that this model requires
relatively few data, it may be possible to use it to predict erosion in
watersheds with no information or with poor information.

Cite this article: Abdulgadir Mohammed, Rawa, Khaleghpanah, Naser, Davari, Masoud. 2024.
Soil erosion estimation in a part of the Gheshlagh dam watershed using the Thornes model.
Journal of Soil Management and Sustainable Production, 14 (1), 51-71.

m © The Author(s). DOI: 10.22069/EJSMS.2024.20910.2087

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

oy



L g 9 S Cu e &y i @
YYYY- 1YV i ol LS

. L AT A
oIl S gl el YYYY-YYVo Wl Ll (e e gca

WS ww il 409 3l (i S ole B (oo
Thornes Juowo 31 oolaiwt b

T 5oa1s g ¢ Toly I ol dezs 3WIas Tge,

Ol i Ol S WA (gaunliS Sl S e 5 esle oS Al bs)lS el s )
rawa.abdulgadir@gmail.com :4sLL,

Gl gl Qs s o8l (gioslaS WSl S ke 5 ke 0p S bkl WJstes ey Y
n.khaleghpanah@uok.ac.ir :4sL,

m.davari@UOK.ac.ir :asLLl, .0l ul cz i Oliws S olSCEs (5, 5LES 0 aSCEls (S pikign 5 pske 05 8 LIS Y

oS> e SleMb!

Jesl Wlg o O G g cpmer 5 S Jle s Jlhe s 1bd 5 dile Wl g g
3l Lgs 6550 sba 1y Giule b 51 30 ONSEs 5 lew (25 g il Gy ple R0 mele JS U
Aol 55 O 51 Jol s 5 035 (53h5 w5 3y pktes SIE (il b s (s
35l g il gladde & els S o frise ol A3l 3pdome 5 ladlais
OBl 05508 5 Dagasdeme e 58 SLL Cpes M5 S LS
o Al oS B Slaosns & 5L &S pladite Sl eslinal (538 sl slaas
el pas gladle JLS s e e B 4 e ol glagnsns Lo gladae
S S el antlid (U o) oS 5 sladde Olgiel [ilu b s sladde 3l galias
LUl 55 5 anils oS Tl (g55,5 slaesls 4 3L <5 o35 ThOMES Joe ¢ oS 5 sladute

\i~\/\~/\'\:¢.§lu.s @JU

AEZRVARVAR :&‘x; @JU
VEYIN/T iy sl

(SIS glaells
Sloag Gaa b s ol ool 5l calas 5o se Ol g Ghags Jde ol i e Gl

A sl (RS) 5 5l i 5 (GIS) oLl i Sledbl 6Ll S 4 Thornes Juis (L d) oS 5 slade

Sy b S
St wsad Yor eddgduaib Bslal ()l paigel (hay Sl eslaad Loila g, g sl

Joleo mdS by S 5 T S 3 o5l 5 Sl gl il 5 el Ls)ﬂ@z
$3555 Sl end S 3,8 6Seill Jsene slaiss b Kbl js St
)A.SL\N-\ U)J&J}b):/\ S ) é)‘}ﬁlﬁ)—ijl—éj cfli.}ilﬁji GL‘Q)‘ OR D08 J.b:

S S5 hedly G s s cadlie SWL Jols bl lassls =

oy


mailto:n.khaleghpanah@uok.ac.ir

s bllL ENVI 5 Saga GIS ArcMap Sl i SeS @ culg o S slad
2R L b BDR) sy b s L S g die 5L s glaais
Gdshe Sl i Clls, oS> Ols Sl b (SDR) sy b s Sl

INUEY :)ﬂﬁ Sl s ol JUIS o 3 Kn 5 4 ab 5

33 e des oV Thornes Jue g3,50 5 Sale b Ul (o Kle sls 0L =l sl
(Sl 2o Sl pf VE ol ehs o 022 L) o D1 TR I VA § 2 VIS (W8
Ve e Lo 5 (63,51 s Olsoe ad > IS (sl Glalons SDR i 5L 5 03
@ Jbe ol Caslas oS sls 0L Thornes Jus ol Ao 8 sl Jlo 3 LS ys o
035 305 Sl 058l O (IR b B 5 Jeily G5 5 s o Sl bl
O o 555 &S el S 53 (3L et e Lyl pl e (S S Sless

A el Jde L8

SRR 5 Dy 3 Sl Condy sdalie 5 les o Sladlle 4 x5 16 S e
Ao e (e 5o S 5o (5T 4 ol eddm )t sy el Sl b
wo 3l by sla i 3 Lle s Caxds 5l s b6 s 5,50, Thornes Ju
Ble 5 g ool o S S Al e 5 i o il adlllas 5 50
Glaesls 4 Jua ol 45l 4 e 5L il SIS 36 Jie LS cpend 53 L5 e sy S
B slaas 5o nlod e sl O 5Ol cl (S cazils 5L S T

55 eslizal Cigns Sledbl L L el

b s o el asgs 5l ide SB Goleyd eds (VF0T) dgre (559l pol coly Gl dgo, came jolallare :obww!
OV-YY NV lul wdy g S Cy e 40,25 . ThOMES . Jow 5l ool
DOI: 10.22069/EJSMS.2024.20910.2087

(SN sy © 5 s e 5 535 e 30

og



OS2 g tozxe WIS 190, [ e 38wl ddgn 3| Wiy S i lw yd Cpned

A S R R R g
S dsle sadome 5 glaalae LA OT 5 fols
WJde o Sl 538 o ealinal il b sl
S Gxpl b G Sns s Kisse 208 &
Jolss (0) 2l (Saws 08 0 SI3 o 25
el s S5 Jhe S Ol s S R
Dleel 5l =Y WJue 5L a5 slassls =)
5 Jde 3,8 Glaal —¢ WJde el =V (Jde
(0) il o Jbe ol lesen slagdnasls —0
B fjﬂj (SN s aw 4 IS ba due
83 sladae Lpd e VM...EJ (J.pli)) S3ds
5 SVl (o aes aw w3 (SL))
Sladde gl g i (5,1 sl 1) sl 3
Fotn S o3y b ol laand o2
R e bl olualis bl
ST Xin Sin altn 5 g S5 Ll
bl 5 ey esles g sladd Slwle
sab s oshe sladde 51 508 Lol 5l s
Sldde 5l sl [Ke ol Ssb el
o bdde pl B3 elial LUlS pde (2
i el sl s Sl ol Ll adlais
Joo gl p gbdas (V) aib e Ly, cpl
5k, Vsl olul, WEPP , EUROSEM
b odae Lo eslinal 350 sladilp mb s S
e Sl G55 e sl el 0528
laesls 4 5L adae ol Cole Oir e ) S
i b S s St ol 3L
© ol alp gbadas 5l sy S
ookl 5 el S ool sl
Ll sl s s Sl !
Shslass il s o sladde LS o
Sladde Olsels w5 Gl p e ladde
G A e ol el wtll (L 8) oSS

00

EVRU

Shelas Jaalpl Sllge 4 asdS 03 Jsb s

S G gl 08, ae s 5 Corex
S0 23 e g0 Sujgfajmcbﬁ&é&hiu
Cows 3l o390l aSgsba Cnl ol 35l ey o S
s S5 IS w Ol 5 Sl e o3,
Wy a0l 5l b i Sles 5 odd
Sisis bl b b slae i
ol 5 el sdalia LB = s e s s S
om 3 Jele S Olpea S Ll
S3asliS SV e W5 (S5 Of e o3
3 dew B RIB e el 4
SIS 5 sl VO a3 5d e a8l Ol s
il Oler b 53 23S LG sl
23 S e cpl oy s Bl a5 AL
D¥s Ve sl i b dle 5 Y sl £er s
ol J s () cd Jle 53 e s sl
S Ay ey lanes IS 51 dens YU a0
omlep o 53 Ol s oslis s
Oal s S Jule b Ol oS Glo S & ol
S ol ot 550 Oler bl L 51 5 5
oy pamie SbE Gl s S w55 s s
3 Fle Sl Cer ol copte Jlesl
S5 osba Mg e Julep Sl AL O
Sl b sl Gk 5 Gl (0 oy el
s 33 4 Ygema LAy T3l 3e sla,sSU
ook S il b Jsl ) 00 48 5,8 e plnl
Lo plme slafs 5l el L it
bopss Lo o3 I edd g Seslul sl
S Sl b asl cilie gladde 516 ,Se e
e e by s, 5e adlate 3 Ll 3l
Gy JSKie JSobe (8) 25 0 b
6L el Glaase s b 5, Sesll

(.,.E.M,auraj 45&1\4;.4}_)3&) 034 3L 3 Sledb



EXA | a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

Sldshe 5 me dde )l (S5
S aphe a2 h ks es S8 e
2 gl Gl s L Olg e 1y Gl Sk
b Lab b g 35 B asda Slegeyss S
S B Sl e, S Sl U
On Bl Ol 03ls 0L dde cpl bl
Fooooh Bl Rl s alS
2> S il b plde 5o (gilede
(A 5 A) ol ok oslizal oLl i ailaie i
e Gl dde ol (YY) OLes 5 Kl
Q) s 8 eslial Gler ulw b 2 5

U ACEY-D IS PP PP
St tag Gl S ol wd o o Sl b
S 3ok zses boglolale nslal S L
Sl Ju o Ob osblerpds 5 Ll
Thrones) ails S (35,5 sbaesls o 3L
szl (MMMF , SPL RUSLE (USPED
S ger 8 sl 0L adde o lzel s S
sl a2 Sl b 535 psbe e gy
SIS w3 S ams alple 5 0 asta
bes eld it SRl SIS S
Ll w0 e slezel LB ccilse sladube
O Aipd el Bliml oS AL e
e (G i Sl shols ol mls
e 03 gy mle ol gl MMMF
Gbeesls sa 5 cl Sowle ol ass>
s RUSLE (ladus sla oo i FeS G203
s as = 38 Sledbl &S Sl s Thornes
L2l o sbezel LB SIS o3Il (ddls oz
(V)

b oibe b £ (T V) O 5 oS st
S S 4o 55 gl Thornes Jue 5l eslicad L
WS st Bl 3 (e Ssds THD)
$lp S ol gl Sa Thornes Jue =L

o1

S 553 55l (Gligy oS S5 52 bl e
oSly on S led giledde 53 Lghss
Mo e 5 osliznl Cikien slalr 3 Ll o At
Sl s S5 (TeT)) OLISan 5 p5ills
e Olge L1y g3l Gl ST 5 oW ar
V) Kilos 505 Ols S S| SO REUOEL S VR Y

sladde (YA) Oes 5 ol A5 >
Sl 225 5 b LSS Bl S5 s
b b oS 5 sladde Ll e S Sl b
sl e s Seelis GLSESS Sl S 5 Al
adds ol 6550 sble oS dmes Sk nlu s
oz Sy S o 53 il e b S5 Vs
Olalie Wbl Sly o S sla wlis 53 Jue
San wliann 5 Osew Sy Lailsy 4 5 e3p ol
Sl Olge & & WSS cldi ol
Mo arwy gy 5 S L3 giledae
4 St ol Sl WS LS
baanls 55 St s Sials (ol
I R
Slhes ln e o e Glag LS e
(D as Ll (ol 5 S 5 bl

© 3k &S (A ) o2 = psete gladds
dbe a Olg s 2l ol 2555 laesls
sladde Sl 51 .4 5 A) 55 o Lil Thornes
(s ot 5 el ) (55 LL la b
S Chlis 5 (S gl il 3) Conslis
Lod oa boosle 5 (S oson | (LS
Loy e Ceby s p 3l e Thornes gl
sthe o Sl b B alS
S Sb by s s JE 5 Jo S5
Al (K3 sl ol e sl
bl laadfe (Ul (Solue 3 ¢ 5 el
Thornes il Jie . dib e olS Al 5 Ogm

e 5 5 o OUlsy A5 Ol 5550 5 0 5L



OS2 g tozxe WIS 190, [ e 38wl ddgn 3| Wiy S i lw yd Cpned

S Sl e GMES e el ad e
OAd oS 5 st el S, s O
b sl S gy H s d 35e b b
wee) > DD c.é)ﬂ@?: 4 Ok pd e wsl
el i 3l e il ol s Sl
5 agza Sals s 4 badde Sleslinal 5 553
5 Ok a4 gliea SWS Alg e Ol
Gaa Lt el aoe!l 3l u‘,«fw
Lo b s S hled Olhe oledie
o« 3L &) Thornes s Jas 5l eslizal
Sl wlobr SS a5 (3)l3 oS L slasss,s
s 53 (RS) 55 31 i 5 (GIS) Lol s
b s S plmil gz OME3 s ol as > )
Gy 5 S il by & bl
Cllee Gl Gl Ol 5 sls Slulld e

3 gad pl3l adlate cpl s Sty Of bl

Wiy, 9 dlge
S aallas sy ailite la Sy g Candge
53 B3 e as Sl (R opl el
Groades oSl gy S i Ol el
PR CRO] W JEC SV PV VS S PSR Wod P
£1° 04" 01" 5 41 10" V" Lobas s Sl
o2e YOO XA " B yeC e ga" 5 3 os b
WA L ol O o 8 colos s S 15 Il
FkS AVY Ll ad s Lame 5 ey LS
A= s 2 V0l o3 syl Bl il e
o Cambge ) S AL e e YA O gl
el e das e 0L Okl 5 558 s Iy
ady AL ﬁDCA'iSCA}JLg_}cJ){ B b s>
bt fiﬁ sl el Gb L Jerie g lS

.L..::b& aJ.:.é« 9 QAT C,&\))

oy

Sbi slabie > Jlat (Ll b 2 5 e
9 L;LG (\Y) S| WL\.A AJYL\N 9 slale M.}b'))
Db S8 a5 siledde 4 (Y1) Jpss
g)‘-’-‘ B J»Z?-\JJ.: Lo 4}53)) 4«0}7' B B
JJ\A )‘ oalaal L: ej;L]Li LJL{‘LAJ.?
e Uy, Jde L Sy
S b S Senl (25 L5 S alme

Cewdpmly LS o 3 S0s5 4 as - slad s

Cr oM
,s Thornes

il s S Al 5 g b pslae (o
Sl 5 Sae (oo 5 235 slao,lel oll 5 Je
ook Gaotm 2 L dbe Poesale, B o
Sl gledde gl 45‘53\9,-& 3losls plas
adls 5L S T:w....: Slaosls 4 Jags pl s el
Sl slaesls aesame 31 Ol o 1y Lol aen
L3ges Ol OIS a5 cnl onlpl 035 2 sl
S ks Gl et 8l O 05 S
L ogbas= L obdbl 186 shas e o
Jae b blayl 3 .0F) 55 eslinal i oD
el S ) g0 iy Ol s (Thornes
2l G b S5 8 s 4 g L
3l S Gos 2 Sl iy 5 S Al
Copde psbe a4 St CBli e Sy, axe s
D33 gdomn W3 A3l o ST bl 5 SL1 I
O3Syl Gas e S| Sl DS
oS Ld Glasass 4 5k & ladis 5l eslind
ke ol s b gladde 4 s L)l
L3 Db bl Jdaa b Sl a0 g
Ol 5 555 5l i 5 oldl e Slebl (s
e sln s Sl sledbe b Gl
gemer s WOl ahsa Ll Sl S
@ ok besls g e 5 o e adilesla
S ile s sys0 5 53 GIS 5 RS 1 eslixal

S Gl o Lol 5l e, s B4 65,



AEXA | D)Lm.:u\i b)sbc)|ag'liag9ﬁ'9‘5l$%ﬂ.\n Q)m

YE o AT N s i Feog Ve X sl e
3o D3 o3Il 58 el g (sl
A Sl gyl boaele VI LIS 2013
05,50 00 S 3H S 0 gl s (6 gm0 4l g2
S pitnds 3 g SI VL Sl giee Al 0l
el TE Gl 4 &S e s 3 Oles LS
2 i3 S 5 OABSES Sl ey A3 S S 0
Ol SISl s 5 SN (g 3 eslizad b
Colg L5 5 e S e cilihe ol el LS
Loy badl s ol sl eslatal Lo ool)s o3l &5
o3 o A S dbg e gladge b SS
Lo @il Colg 0o 5 s o 5 S (0
() w33 o Sbocsl Edze 3 eslanad
My sy 4 (0.C) S JI S 6,565
Sk Sal Slaie 5 (10) 68 Sy Kb
St s Sl bl (oles opdS Sl 9)

L olu o STy s Sl mamm sy 4 0l

Cowdty Do b Oganl 25 s 5 SGLA IS ]

(10) del

5N e s 5 il el (gl pdges
5 Ol b Sl el b tbkiged alag
doz Sl as Ol eldag b oasmge glaeld

el e
i 45 5 Sb Sl sl
ol o3 s el yasie ab g 3 Res gladslg
Gl pa e T b slal &) soas ladsl
Ges 3l S Lsad Yor 5 eds S jamie St
sl Ol e gble s g e sle v-)e
Log Sl glac e Sprcas S g )8
Goo 3 s Al ey gL el &Tg;&l))"tb,)
A3 S é)ﬂ@;,— oSde by (g e sl =Y
5 edes S ane islesl 4 e yal oS e
S5 508 e 3 O S 03 SKES 58 0
AR law s bl S sk Y
b Sl Il ms e lp 2 S el
GBS eslinl (g messdes S, 3l St
S ¢y deo s G35 e gl ae 4 s ks

Yo ol s sl cil3) Cb S s

-

o’

() g0
Yogh | 2008 02

Law - 1580

D e e o

g ey b

ey & ™
T — Shevmtery

.‘5)|>J.343}a3 LLE.;, N&aé)_y 4-&5? C.a-g-'-;y—\ Jg..ﬁ
Figure 1. The location of the studied watershed and sampling points.
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Figure 2. Map of the sub watersheds of the studied area.
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Table 1. Some physical and chemical characteristics of the studied soils.
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SD Max Min Mean Characteristics
(1) o
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Silt (%)
AN
5.45 35.51 0.013 6.15
Clay (%)
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Very fine sand (%)
ANRIIE
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Figure 4. Map of erodibility factor in Thornes model.
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Table 2. The average of some parameters required to implement the Thornes model and the sediment yield for
each sub watershed.

SLok SEL del G 5 s dely S 5 s

G =) Gaason = oD (e =50 (insler = JesD o

Precipitation Precipitation Potential evapotranspiration ~ Potential evapotranspiration Sub watershed

(October-mm) (April-mm) (October-mm) (April-mm)
37.43 66.00 89.84 103.92 Al-1
40.84 73.57 90.67 104.77 Al-2
36.57 64.06 90.09 104.10 A INT
38.56 68.53 90.48 104.53 Al int
39.18 69.96 91.05 105.07 Al-5
41.59 75.15 91.31 105.42 Al-3
36.21 63.01 91.11 105.02 A2-7
38.83 69.49 91.89 105.97 Al-4
37.32 66.14 91.76 105.76 A2-1
35.70 61.57 91.70 105.56 A2-6
35.51 61.02 91.39 105.20 A3
34.19 60.50 92.66 106.70 A2-2
35.07 60.16 92.24 106.11 A2-5
35.62 62.37 91.89 105.85 A2 int
33.48 57.36 93.12 107.06 A2-4
32.59 56.77 93.53 107.55 A2-3
36.91 64.99 91.54 105.52 Total watershed

=Y Jad> alsl
Continue Table 2.

s b (SN C Jole oD € ol K Jale G o) o Ny
SDR C factor (October) C factor (April) K factor Slope (m/m) Sub watershed
0.37 23.80 39.67 0.32 0.22 Al-1
0.46 24.13 31.62 0.25 0.36 Al-2
0.36 24.10 39.57 0.30 0.28 A INT
0.42 24.13 37.21 0.28 0.30 Al int
0.39 23.45 37.42 0.30 0.26 Al-5
0.44 24.12 31.95 0.19 0.32 Al-3
0.46 22.80 40.03 0.23 0.28 A2-7
0.44 22.79 31.48 0.29 0.35 Al-4
0.37 24.71 36.12 0.32 0.28 A2-1
0.44 22.64 35.71 0.27 0.33 A2-6
0.40 22.86 37.88 0.32 0.30 A3
0.38 26.00 27.64 0.30 0.31 A2-2
0.43 23.19 36.59 0.27 0.34 A2-5
0.42 24.25 38.35 0.29 0.29 A2 int
0.50 23.15 33.17 0.34 0.38 A2-4
0.43 23.57 29.58 0.33 0.36 A2-3
0.41 23.73 35.60 0.29 0.31 Total watershed
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Figure 5. Long-term average monthly soil erosion rates in April and October (mm month™).

s ol gl ccply opdle 58 eliad iz
o 3 g el Dol oledle lal
U ol San Jie sl el )l eeily oS 5453 0
drw g Ly Aise e 1y dde 3y (gl Je
BB S el il 3 s S e
231 dde sla pmne 5 bl LUl e sl
el ses ey Gledalie glacsls
0d e 4 35 Lol Dlaabl U o3 gl SaS
Syl 5 8l Gl e skiasOl
SN &3S ozl O 5 el ol (g3l e
ls ol Gasdee 2,8 (e liel (¢l
Sl il o sy SaS 4 e D34
el gladde (el 38 e e Rl
basd 5 (g e st ol (slaesls 51 eslizal
Serms sy i bl sl el ple 3 e
ol SIS 5 05 4 S Sk s L oS o)
e 5l s s Jo oS s K s
s 1 Lol Ol a5 540 o8T U Jlezs|
Jde LS s Siass ool 5l s adl s S
s el D5 le 3w i > Thornes
GoSILl i8S lans g S s Oz ey
s laed S enss p Ol as e s Al B

B R W X T D,

by

SRl 5 oo 435 S5 33 68 55b0les

0 Shoslinal b (ol b (pasd (o) 4 52 (V200 0)
s SPL [RUSLE (MUSPED (Thrones) J..
sl abolas Lol z=E 5 =, (MMMF
sle olbs gl MMMF e S o5
5 ey Fombe gl wsp Glde 2 s
sladde 508 5L 5550 2555 laesls Lsa
Gds oMbl a5 Sl s Thornes s RUSLE
P R
OV wle sbel bG35 o3lble Jae s
S w8 Goledde 4 on (Y010) Jps 5 e
5 Al dew Al ad g 55 gy s il b
53 Thornes Jue 1 eslicad b1y o 5dll islu b Er
Ly e e Sy, Jle S LSS
oo 5 s glaoylel el Jde oL
2 dke Gmels, U oo e 5 Sles
e by L0 5l Ol s DL St
BB L s e o5 slagass bl Thornes
s ol e Oy Ol e sdel sy
—G e ol glaesls alal il
53 s b sl Sl Jhe 3 s gy
Lt s o il Dy L2Ka) slass

alie Lol Gl 5 SSss (alss 5 O



OS2 g tozxe WIS 190, [ e 38wl ddgn 3| Wiy S i lw yd Cpned

REEE oo “r3000 e Ahaooo
A N s & s

|

-

S —d
ABaoos

(e 55 5688 53 ) V/E s pb o sasue p i 525 b Al ol b ooy oSle 4k - S

Figure 6. Long-term average annual soil erosion rates map with the assumption of bulk density of
1.4 (ton ha year™).
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Figure 8. Long-term average annual specific sediment yield map (ton ha* year™).
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Table 3. Specific erosion and sediment rates estimated by Thornes model in sub watersheds.

(Dl 3 S 55 (5) el s (Dl 53 JESa 53 () sy Shale b “o

Specific sediment rate (ton ha™ year™) Specific erosion rate (ton ha™ year™) Sub watershed
0.85 5.74 Al-1
2.69 7.07 Al-2
1.89 5.87 A INT
1.67 5.12 Al int
0.05 0.12 Al-5
3.08 6.34 Al-3
4,11 8.58 A2-7
12.20 23.74 Al-4
12.45 29.72 A2-1
5.60 12.80 A2-6
3.93 10.02 A3
1.64 6.69 A2-2
5.43 11.65 A2-5
3.65 9.29 A2 int
0.06 0.12 A2-4
0.09 0.19 A2-3
4.34 10.24 Total watershed
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Table 4. Grade, rate and area percentage of soil erosion estimated by Thornes model.

Colus Ao s Qo s S5 9) Gl b slae S Al boas s

Area percentage Erosion rate (ton ha® year™) Grade of soil erosion

57.90 <0.5 Insignificant soil erosion
4.35 3:05 Weak erosion
12.58 1263 Considerable erosion
19.56 50 ¢ 12 Severe erosion
5.61 200 & 50 Very severe erosion

Cob b ety G s s e Sl el
SL Gae 51 ke L5 ) opill O 516K
ol s S S Sl s o byl (WAL
345 aS ol @Lﬁ 05 6ol e e el
4o gl Ll s daler Jae B8 fals
@il 5L S bad glaesls 4 e cpl «Sopl
b s Uil it ¢ln OF 51 Ol el S
Lol Bl S, gbase 55 wsw
55 esliz] e SNl L slaass 5~
Bl s s Gl slie Glla syse o
S s ol s b e gl o
dle L S5 55 Thornes Jus bu g jeess
Voo Gkl s b Ol el g sl
Llge bro Jhe LIS sl 5 spe kil
Gt 55 Oy 0S5 Soge A4S Dpew
o dis (S eIl (s 5 Ll B as = Cilise
2 b e b alie LB s 28 s s
Lo g daler SLOK as s js (Sl
b a5l oosln s s 255l amlie
s Seslul slis
by b 51 Jie o)) o b L5 e
awglie axdl lad o5 Tl 5 ege o S

S b b eddgsledde Csny Slaess

Sresda Sal o

0

IS (55 oS

05 sk cpl Jsb os &8 Slalie 4 4 5L

R e e T
J,la_:‘b cc{b U‘"'L"\J" 9 w)>- )‘ eMC)l}- (D)
Wb land 5 yio ;s Thornes Jue sy s
Jde Ol 3500 Ol b adl ool axils anlllae
L5 g b e Blg 5 ad s il
,ls 34 SDR OeeRS Cgr ike sla g,
)CJYL{J\ sbhls ga= G Laaui}) Q_“.l Bl rUSJ.a Lol
R

2 omlep pimes 5 e s Thornes

Lres olacales ple
SRl 35 50 o5 gdome 51 5 i baas s 5 5l (gl
0 eserta (Glae s olalie ulily)
odisysly hiled Jlie S s ) ala i
Sdas 0/1) wab e S s o 00 3 i
wolie Sl 56S bad e 5 5l F 53 5 (e
orl s aia) Sl e35ad 5500 sl 55
bbbl 4 die sh) cenlis 1 AL e
Jbe s S, sba (A2l ol SR
e a dde ol Cusle> oS sls olis Thornes



EXA | a)h».fs NE D)sbc)l..\g“g:.\gfgdl&%ﬁ.\n 4?.)'“‘”

LBo o il (sla o 53 asS s
5 sy dalpr LLOKE 6 Seilnl esls il
e Sldlae S5 Lals 5l S ol aline
Cilitee sladie b 5 s slaas = 55 il b
il

Thornes Jus el (Sas oS J= 55 ool pls
Sloiand St 55 1 B (s IS sbay
5l S 5 blussdoee bl A3l @il as
s e Lyl s s, ol QJ}{J))TJ{J.\:{ 9 O
ET S N SR P I P P
G oad 0 e s Shale el (S el
S e Ao 5 s sl iy oS
S S 55 sl 5oy sy sl e S
3,8 Spe Jhe Gl g (o

s s Swles coalbe 4o L IS 5ba
0> el 4 o s OIS 5 A s lade
Shgaldad 53 oS s $2505 4 5L 5 bad = |
e Thornes  Osres djws ladde (ol
Sl gl Jlel Syl bdde ol s o
bme 53 gl b e 5o S LS
5 Ll e Sl e pslal SSL 5 GIS
Llge 6ol b= b badds glajmll ey

S 5 g Iy Jde 23

1.Wu, C., Zhou, Z., Xiao, W., Wang, P.,
Teng, M., & Huang, Z. (2011).
Estimation of soil erosion in the Three
Gorges Reservoir Area of China using
RUSLE, remote sensing and GIS. Journal
of Food Agriculture and Environment,
9 (2), 728-734. doi: 10.1071/sr10191.

2.Arabkhedri, M., Iranmanesh, F.
Razmjoo, P., & Hakimkhani, S. (2005).
Preparing a sediment production map for
Iran and prioritizing watersheds in terms

\'2

Llge sk ol SO s ai(s Sell
5 ol bl sy 53 shde Sledb
o bl cdas Sl Sty as s 5o SO g
gl o Ll s syl sy SVl 5 by gds
Jde Glacyssdos e 3l s S L 55 5Ky,
WSS SWolee 5 bosss s slad)
(S o ool |y sdomy sbaanlp & S s
gy 3l ol paises) (Sesll slacus sdes
Sl gl el gt glaelSanl s
Sl e Vo sy slasl bl glasliy s
Slallas Wil 5 o as ,So3lhil 5 Wt ab S ol
) ely glaesls (sl ailsy e 5 LB
L oodi(s S ol gy glaesls a4y olio il
23 adeen S (Y5 Sl ey K g kS
) Bl s (o S i o
5 el e G Sles dauliy Cses
335 s Obey Job s Cnl (S (5505
(S5 oS 1y by gl ol ol S Lo
5okl ledde gy aslis  ilae pl s L
S lala Wi e Olares sl S S o3l
ple Ll S Gl 4> S s sy Slus
Sl SRas oy ol s Ll SL acalad
Ol S jsba |y Sl 5 Sl sl Ol oiS

of sedimentation. P 83-88, 3" Erosion
and Sediment National Conference,
Tehran. https://en.civilica.com/doc/8215/.
[In Persian]

3.Nigel, R., & Rughooputh, S. (2010).
Mapping of monthly soil erosion risk of
mainland Mauritius and its aggregation
with delineated basins. Geomorphology,
114, 101-114. doi: 10.1016/j.geomorph.
2009.06.013.



Oy 5 oo IS 190, [ e il Adgn I i S iyl b (paeds

4.Stroosnijder, L. (2005). Measurement of
erosion: Is it possible? Catena, 64, 162-173.
doi: 10.1016/j.catena.2005.08.004.

5.Merritt, W. S., Letcher, R. A, &
Jakeman, A. J. (2003). A review of
erosion and sediment transport models.
Environmental Modelling & Software,
18, 761-799. doi: 10.1016/S1364-8152
(03)00078-1.

6.Hajigholizadeh, M., Melesse, A. M., &
Fuentes, H. R. (2018). Erosion and
sediment transport modelling in shallow
waters: A review on approaches, models
and applications. International journal of
environmental research and public
health, 15 (3), 518. doi: 10.3390/ijerph
15030518.

7.Halefom, A., Ahmad, |., & Dar, M.
(2021). Soil loss rate estimation using a
hybrid model of geographic information
system coupled with fuzzy logic
technique. International Journal of
Environmental Science and Technology,
19, 421-432. doi: 10.1007/s13762-021-
03178-5.

8.Thornes, J. B. (1985). The ecology of
erosion. Geography, 70, 222-235. doi:
10.1177/030913331036754.

9.Thornes, J. B. (1990). The interaction of
erosional and vegetation dynamics in land
degradation: Spatial outcomes. P 41-53,
In: J. B. Tornes (ed.), Vegetation and
erosion: processes and environments, J.
Wiley, Chichester, West Sussex, England.
518p.

10.Zhang, X., Drake, N., & Wainwright, J.
(2002). Scaling land surface parameters
for global-scale soil erosion estimation,
Water Resources Research, 38 (9), 1180.
doi: 10.1029/2001WR000356.

\A

11.Saavedra, C., & Mannaerts, C. M.
(2005). Erosion estimation in an Andean
catchment combining coarse and fine
resolution satellite imagery. 4 p. In:
Proceedings of the 31st international
symposium on remote sensing of

Environment: global monitoring for
sustainability —and  security, Saint
Petersburg, 20-24  June 2005.

https://www.isprs.org/proceedings/200
5/1SRSE/html/papers/1017.pdf.

12.Symeonakis, E., Calvo-Cases, A., &
Arnau-Rosalen, E. (2007). Land use
change and land degradation in
southeastern  Mediterranean  Spain.
Environmental Management, 40, 80-94.
doi: 10.1007/s00267-004-0059-0.

13.Ali, K. F., & De Boer, D. H. (2010).
Spatially  distributed  erosion  and
sediment yield modeling in the upper
Indus River basin. Water Resources
Research, 46 (8). doi: 10.1029/2009
WRO008762.

14.Dane, H., Topp, G., & Warren, A.
(2002). Methods of Soil Analysis Part-4
Physical Methods: SSSA  Book,
Madison, Wisconsin, USA. 1692 p.

15.Sparks, D. L., Page, A. L., Helmke,
P. A., Loeppert, R. H., Soltanpour,
P. N., Tabatabai, M. A., Johnston, C. T.,
& Sumner, M. E. (1996). Methods of
soil analysis. Part 3-Chemical methods,
SSSA Book, Madison, Wisconsin, USA.
1390 p.

16.Ferro, V., & Minacapilli, M. (1995).
Sediment delivery processes at basin
scale. Hydrological Sciences Journal.
40 (6). 703-717. doi: 10.1080/
02626669509491460.






