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In order to plan and recognize the destructive condition of the watershed, it
is indispensable to know the extent of erosion and sedimentation produced
from each basin. In this study, the soil erosion and sediment estimation of
the Khorkhoreh basin using Sediment Rating Curves were investigated. By
integrating geological and geomorphological layers in GIS and removing
polygons under 6 ha, 24 working units and 68 sub-basins were attained. To
identify the erosion type through field visits, the Bureau of Land
Management (BLM) scoring was carried out in each work unit. Using the
sediment curve, the amount of total suspended load in the basin was
obtained as 2990 ton/yr. With the calculations performed, the amount of
specific sediment yield in the Khorkhoreh basin was found to be 25.3
ton/km?. All types of erosion were seen in the portions of the basin, while
most of the basin area belongs to the “sensitive” and “very sensitive” to
erosion classes. Examination of erosion types showed that in most of the
basin’s working units, all types of erosion such as Sheet erosion, Rill
erosion, Gully erosion, Channel erosion, and Stream Bank erosion can be
observed.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

structure, reducing soil volume and water
holding capacity, reducing infiltration, increasing

Since the early twentieth century, with the
escalation of human exploitation of nature,
erosion and its consequences have had adverse
effects on life ecosystems. Accelerated soil
erosion has been globally recognized as a serious
problem since people took up agriculture. Soil
erosion affects soil productivity by changing soil
properties and particularly by destroying topsoil
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run-off, and washing away plant nutrients, such
as nitrogen, phosphorous, and organic matter. In
order to plan and recognize the destructive
condition of the watershed, it is indispensable to
know the extent of erosion and sedimentation
produced from each basin. Controlling erosion
requires information on relative erosion rates,
spatial extents, vulnerable areas, current sources,
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relative contributions from different sources and
likely effects on water resources. This requires
guantitative data to identify critical areas where
urgent conservation is needed.

The soil loss caused by water erosion is
particularly severe in Iran. With high erosion
rates in many parts of Iran, efforts should be
directed toward curtailing its hazard. In recent
years, the Khorkhoreh basin in Kurdistan
province has tackled severe water erosion. A
review of previous studies shows that neither
research nor estimation has been performed so
far on the erosion type and its amount in the
basin. The purpose of this study was to determine

soil erosion and sediment estimation of the
Khorkhoreh basin using Sediment Rating
Curves.

Material and Methods

This study was accomplished on the Khorkhoreh
watershed spanning an area of 42769.8 ha. Since
there is no hydrometric station within the study
area, so the data of hydrometric stations adjacent
to the study area were used to study the discharge
regime of the area. There are seven hydrometric
stations around the study area, of which only two
stations, Qabgablo and Sonteh, have long-term
statistics. Data homogeneity analysis indicated
that the sediment statistics of the Qabgablo
station had good homogeneity, hence this station
was used. Topographic and geological maps and
aerial photographs of the study area were
collected from the reference sites and maps.
Then, Dby integrating  geological and
geomorphological layers in GIS and removing
polygons under 6 ha, 24 working units and 68
sub-basins were attained. To identify the erosion
type through field visits, the Bureau of Land
Management (BLM) scoring was carried out in
each work unit. To prioritize different basins in
terms of erosion types, the map of hydrological
units was combined with that of basin erosion
types in the ArcView environment, and
accordingly, the area of different erosion types
was determined for each sub-basin.

The amount of basin erosion was estimated using

spatial and field data. Then, by combining the
results of spatial data at the sub-basin level, the

Environment and Water Engineering

erosion types in the whole basin were determined
and the quantitative results of sediment
production were presented.

Results

Using the sediment curve, the amount of total
suspended load in the basin was obtained as 2990
ton/yr. One of the parameters used in comparison
among different basins in terms of erosion rate is
specific sediment yield. This parameter equals
the total load of the river per unit area of the
basin and is expressed in ton/kmZyr. The total
load of the river is obtained by the sum of the
bed load and suspended load (Fig. 1). With the
calculations performed, the amount of specific
sediment yield in the Khorkhoreh basin was
found to be 25.3 ton/km?. Units 1 and 21 with
152.2 and 8.9 ton/yr, respectively, have the
highest and lowest amount of total load. Due to
climatic  conditions, type of geological
formations, slope, and human interventions, two
types of natural and intensified erosion can be
observed in the Khorkhoreh watershed. Natural
erosion includes mechanical erosion and
intensified erosion includes Sheet erosion, Rill
erosion, Gully erosion, Channel erosion, and
Stream Bank erosion.

All types of erosion can be seen in many portions
of the basin, while most of the basin area belongs
to the sensitive and very sensitive erosion
classes. The most important factors influencing
the development of various erosion types and
sediment yield in the Khorkhoreh basin include
geological formations, climate and precipitation,
topographic conditions, soil status, and land use.
The existence of various formations with
different sensitivity to erosion has caused the
development of different erosion types in the
basin. In order to control erosion and protect the
soil of the Khorkhoreh basin, action can be taken
against any type of erosion. Carrying out
management operations such as agricultural
control on slopes above 12%, performing
biological operations, and establishing a balance
between livestock and pasture can help control
Sheet and Rill-type erosions. Moreover,
mechanical operations can be performed to
protect the soil of the basin from Gully, Channel
and Bank erosion Stream.
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Fig. 1 Specific sediment yield and annual total load in sub-basins

Conclusion

In this study, by examining spatial data and field
visits, the amount of sediment and different
forms of erosion of Khorkhoreh watershed in
Kurdistan province were investigated. To
estimate the sediment of the basin, the sediment
Rating Curves was used. To study the types of
erosion, topographic maps, geology and aerial
photographs of the study area were collected and
by integrating geological and geomorphological
layers in GIS environment, 68 sub-basins were
defined. Through field visit, the Bureau of Land
Management (BLM) method was scored in each
work unit to determine the shape of erosion. The
most important results of this research are as
follows:

° The suspended load in the whole basin is
2990 ton/yr with regard to the Sediment Rating
Curves. Also, the bed load is about 15% of the
suspended load.

° The specific sediment yield in the basin
was estimated as 25.3 ton/km2.yr.
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) Examination of erosion types showed
that in most of the basin’s working units, all
types of erosion such as Sheet erosion, Rill
erosion, Gully erosion, Channel erosion, and
Stream Bank erosion can be observed.

. Units 1 and 21 with 152.2 and 8.9 ton/yr,
respectively, have the highest and lowest amount
of total load.

Conflicts of interest

The author (s) of this article declared no conflict
of interest regarding the authorship or
publication of this article.

Data Availability

The data of this research were prepared in the
Kurdistan Rangeland and Watershed
Management Organization and were provided to
the authors of the article based on the contract
No. 26895-78-94. The data is available from the
above office.

u‘wwsw)m

Vol. 8, No. 3, 2022

(5

EWE

\\"‘\)...,Lu\“o) WA 0,99


bshahmorady@gmail.com
Typewritten text
700


DOI: 10.22034/JEWE.2022.318097.1688 LARES A VIRRAET-N, SNV NP

Sl oo 9 o jlaazxo §\
{_

Homepage: www.jewe.ir

ISSN: 2476-3683 EWE
gy Allio

i 3l ool b 0 )55 )95 Adg> iguy 391 g S iyl B JICA (yantd

ug.w)dau.w

ol a3 Tpuiin 50,5 (Geitpo <™ (5 3ok (- oo

Ol i «55,3188 s 5 Goisel

olnl @ares (liws S b b 5 65)5laS (hjgel § Dlidion 38 e o lezsls”

alio OleMb|

ol

[VEeereany] redl o f )6

AR SRVARYA VN REN STt T 1y
Ve el copdy fu,b

1ol loojly
Obews S
SIS g,

e
S cbla>

el 055>

s Ok 55°
mh.sedri@areeo.ac.ir

(il sd 0550 el laojs Capae o S aleyd wats 6 pSslr pslaien
S glrodly (o) b gk (il )3 Sl (65978 i le B SIS 5 o e s
2 oy el ejee Gl p dilide S 5 Cgw) Gliee (2o slansils
din (Goie by, 5l Adgm gy 3551 S 85 B () 2590 s S bl
by (Bl g8 sl il b Elgl (o) lp rizre ad oslitul Cgm)
Sy90 bbbl alabe ;5 5 65l allhansyge aihain olso o uSe
i (555ls8 90955 5 slidinee; slaaY (ipy 5 MBI (nl b a5 18 U]
@ Cod s@lmo Wl b G 0 Gl )5 slaasly plea ass> ;5 FA
@S b Bl iale 8 SO (sl Cuz )5 92ty 2 0 BLM i) 4 205kl
b TN0 dga> S 4L jlade 5 YA ONIYE il adg> S (Blas ogasy Sl ol Lt
sls (L ol .ol 390 YOIV ION/KMZYT adg oy g, sy jlade 0il o Glao
5 glalpl (Bus gled (xa Glep JSEI eles basge ;5 5l ol
e 5 olas S j0 asee Coluw LB ioman il ols &) b o slailse,

Ayl )18 ol 8 a4l

doddo —

5 sialeyd (Amini et al. 2021) el ams lojbs 5 ST aslais Sl prals s 4 oSb 2yl b
Sob 31 Ll (61 0 i b ool 5l (280 ladely g oaums slaanl b 5l SG eleinl g s jlaoe (leiy

Environment and Water Engineering &l ot 5 Zonjlagme

Vol. 8, No. 3, 2022

VF- ).»)lJ Y O)Lou:) A 0,99

EWE


https://dx.doi.org/10.22034/jewe.2022.318097.1688
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/

vy

VF- 4Q|)&o&5‘_§)é~)

Oinloyd Sl (Sopd aised 1 eolanwl Lal. (2010)
sl ase> o |, S iled e (USLE) S
ol gl mls asols J1E w) 1950 GIS S @ ¢
Jbo 55 &5 Ogekes VY 092 sy 5l bawsie (lie ol
De .l juis Slaalie g, 51 AT a5 oad 8,90 5
ot skaeas De Baets and Poesen (2010)
Shombep el s plals Sl wyn g e B
S S, amS ol 4 s ool oy boue
sleosls 4y cos geFiin b o slbdes
solazl L Bagarello et al. (2011) ool o (slovnliv
Glod o S dyam a5l 4 o285 slaos
Clly, 45 Wogw, 4z ol 4 o] asls, lawsgie
ol Giledoe o Jiee adgl e SO plgeas
Sllgy Oy b pm,y cdale aSggmuay adls 285 LS,
055 Slallas ,o Landi et al. (2011) .ol o (iol38l
s 'WEPP Jos 5 eolinul b S5 wlab b3, s,
S Sl 45 Woged kbl (gl Sl g
@loools b ool (e 4 Joo onl lawgs ok oyl
o)l Sres 'MPSIAC Juo lawsi onds o505

alS gl 1y b pae sleas ;3 Furlan et al. (2012)
Slodlitul b 4l (3,8 0oz )0 Lo, adg 9 Slily,
R adllaes g0 Gl @ g Sigds o sileand )
o) ond g0 @ ddhate s b ol o o] sl
a3 oo Bl e @S 6))sleS L2 lr b,

5 5905l 8 05,54 L Noori et al. (2017)
90529 Doy 9 Ghabesd eSile o aldl e Sledbl aslols
Wy py 9 50 Uileyd yhs ganaiy Al s
Ao |, "EPM S pd dges dewgds 30 s CawsVl
2 &ly @bl (sunany sleatd 4 axg L oS
P Gdg ol Jdoas b g9 g (Jle Caon
Gl g5 sl s ol Sl g 88
il e YU

b2l sladle jo pliws S5 plial o 0)95 )95 ass>
S imgsy gy ol 009y azlye wad ol haleyd
9 &5 &S (hagh (9SE a5 Cuul gdge Gl Sl ety
35515 adg (al )3 1) ol e rizmen 5 Gl b SIS

Water Erosion Prediction Project
2Modified Pacific Southwest Inter-Agency Committee
3Erosion Potential Model

Environment and Water Engineering

Sk OB 5leps 2 1) 095 (ghie Sl et o8 sl S
9 Sp,aeby ey (LU et al. 2003) ool asle )l
Oliee oedls ezl 039> S Camdy 5l 8T
—0 G902 5 p)Y 4S5 2l ads g, 5 Gl
Oidshie 5 (S o)lgen (S b B S 3L
Sy900 JrSS Cuz a4 b mlie Copoe 0 o by,
Ol iS5 gy Olime et g asg> 31 0 S

(Morgan and Nearing 2001) ¢l ase> 5l z,5 o

haleosd S 10 51 i ol Jele il S halo b
(Elirehema 2001) o4 o Jolis 1) lrass> iy jo
&lolsale polas ;I eslexwl L Kokh-Shrestha (2002)
Voo ads> )0 Lol )5 5 b sd sanaiyy 4 plodl
Olee 4 ) SB ol 8 jlade lag) oges JUs 928 50
GiaslaS 65 L ool s Jle s +/f ton/ha s «/- )
,oTajbakhsh and Memarian (2003) 5,5 5,51, ! 5
4 GIS § MPSIAC Jow jl oolazwl b Lo ,S ade> )
as ols olas byl bt ol gy g Gialu,d b))
b chanagie S 4 &) gmay a5 L) s> IS
De Vente et al. (2005).055 oo (somaib obj 5 ob;
—0%9) b Bkl 5o laas (5l 1o S iala 8 ol
el &S s, A pl a4 g ddlls (W5 e clo
o 4l I3 JB @bs PSIAC () ofuge 5 i,
5l @B g sliws sl Tangestani (2006) oo
Gk 90 4 o)l gl o 58l ade> le b Cundg
5 sl eolaul 5 (rwgw, Lol sl eslaul
allae L De vente and Poesen (2005) .oges plodl
a el ojsm olie 50 gwy Mg (Saiiey skiea
Mg Saably 4 Soo5 0yl lp &5 o, s ol
4t sl oo 3l oslizial s agdle sl 09 8 43 i,
sleosls 51 da o ol 51 eolainl jo casl p3¥ (oS
@S O35 6ol Caz 5 slojlgele pgla 5 S Sss
sowaidb o Tajgardan et al. (2008) 4o ooliin
as woly lad by pdul sy 0 S wlals as
Aoy Coluw g0l Caws (MPSIAC Joo ulul
awlio Dgb e gamaib buge isled (IS 50
el gl
> eslael boas ols lis (g yieg aue oSl

2 oablhs mls b gwypoyse Joo

Ol slojlgale nslai 5 Jlme Slaslie
HUI et 09.0.’ D)jT).: GJYL: o8 L: 4.!.”.]440)940 MP )Q ‘)

Sy lade

u‘wwsw)h&m

Vol. 8, No. 3, 2022

12

\f~\ﬁb:‘\”o) J\o)jb


bshahmorady@gmail.com
Typewritten text
702


Ay gy 3590 p g Gialed JSS] s

SlosS 4 o) 5l g Oyl g By p adss Al slaosS
3wl 0ald dgate (0,05 390 § o SI) asiz oz
Sl axly FA 4 ase> nl ek (nl
i g andllaed g0 ddlaie (1) S s el (4555 523)
OUs 1y oys3 03 el oje Sujslsyee sleasls
IRERIPS

Cguy 091y ~Y-¥

Sregiep oSl Glalllas osgaze J3bs o 4l
gloosls 5l adlaie (pal 05 sy sl 1 )l 252
ooliiul aslllacsjge dblaio jolre (gyieg e (sloolSiow|
oK) e olaws Sldlae eogasee Sl o ol
it 5 ohid Rl 55 By0 a5 31 3525 (5 52g 000
il oo Doe SYsb Ll lyls

i 2 i -
i 3 - <
g
#
!4
¥ Legend

:

el ol &S] s el oais plol il 00,8
5 T oo glme ool L S oledlb
oolazwl b ol gl cpl jo el a8 5 113 colals yg0
39l adg> ioluyd ol wad g uSeslusl slassls
chw 0 G sleeols mls 58l L e
5 @lE y ateie ads> JS 50 ale B glgil e

A ] gy adgs

o o9, 9 dlge -¥

axdllaos ygo ddlaio —V-Y

Slatse ,0 FYVEA/A Na Cawg b oye5 95 vl oje>
LYO FY 4 B, Job F£ 0 FY L PR VAT LSl e
Cgi jl adgm cpl ol a5 15 Jles o, YO 04
@ Jled izl plale g Jlojgm (lingys lanss 4

4 G0 5l Ohliz glh g ejlgyeen (npme sleesS

0,97 )95 ddg> Cumbge -\ S
Fig. 1 Location of basin in Khorkhoreh Watershed

, adlass,ge adg> 5l £+ KM? Cawy 4 solas

Slbgw) Jloalie o -Y-Y-¥
LBy oSl loosls oXen )
bsgie (00 wogw; A (Sie (gow i ()l ool

Ol 0l dwloe 0,959 slrdsg> ) 0 Blre olge

bl 51

clale ol dadiges slass 09 dgazme 4y d>gi b yighs

9 oo 9y oled jo sl I e S p j0 Ages

5 lawgie (o0 5 oolaiwl b s o] Cows 4 ailyg, ogm,

Environment and Water Engineering

Losls Sfod (g0l —1-Y-Y
009 e 3l b o] SO sloosls 5l eolazul 51 L8
—ools Kea (AMINI 2020) 55 Jol> skl laosls
' I3 ogesl 5l eolaiwl b atiw 5 glid oSl g0 slo
Alw oli';.....\g.‘ Sgw) )Lo] als ULM...' LQLSM.:)).] FUER W) 3y
51...::.._9 Om‘ gy )Lo] ‘515 aslas GH»L..A @i@.ﬁ
P vy It N 1 I VARV YV E Ot OV-Sp
Ly e 5V M gl ) b olSiay] ol i oolizd

IRun Test

u‘ks.mé.‘.e,ejwu).law

Vol. 8, No. 3, 2022

é@w

\f‘\}:.g[;:‘\”o) ‘/\0)95


bshahmorady@gmail.com
Typewritten text
703


v-¥

VF- an)Liong‘_g)..\.w

JSo 50 bl b ) Dgey A (Sxie g A Oga

Sl 00 00ls ULM.» )

2000

% 1500
k)

5 1000

o 500

0

0 50 100 150
Q (m?3fs)

il ol gy azmin (ot -V (S
Fig. 2 Sediment rating curve in Ghabghabloo station

AD s oo b osls oals ools 3l gomie (e
Adbss (V) dlaly &y 90a

Qs 3.172 Ql 2813 1))
ob,> =N Q P ton/day o> 3 Bl g Qs «5
polie g (V) abaly 5l esliial b osb e MYS cos
pled )0 AVlo Glao gy (20 9> nj 2 50 (29

Blre Cgmy (20 dged (1) KD 0l (el adg> 55

Coy e doads> g IS AVl bugle g, gz
S ol YA 1ON/Yr l5e 4 ase> S 3las

—=— Flow discharge

0.200 - 140
~ 0.180 -~ Average suspended | 120 =
2 0.160 load IS
£ 0.140 - - 100
© 0.120 - g0 O
& 0.100 - 3
3 0.080 - y 60 o
S 0.060 - L 8
3 0.040 - ' 3
% 0.020 - 0 g

0.000 o 5

L DD Y 9D 0 2

Sub-basin Number
Sl Glaaxls )0 Cge) 5 Gl (20T S
Fig. 3 Flow and sediment discharge in sub-basins
Glzo dlgo 4 A5 HU Gl (i Y-V
9 Ol () S a4 By, B0 (g, DS
ovgy Sl eolaiul b pols it 0 aiiS po &S > g

..\.wu.»...ugaf)l.v o0 sjli..u.g)l.gjé,l:.né‘yo MBL’ “._s]

Environment and Water Engineering

—20 JESI L sy gy domin (Somie clys) g
D9y O3 ePgmy s (S (S3y dljg) lawgie gl
J5 059 o] oges gez b g dnlxa | 555 ol 4 by e
A CpasS las olge

by JISS 3 o (bt —F-Y

@lse slSe 5 bl 9 Pl ny slealds
Solesz oz e Gloats 5 acols il axllass 5o dilate
Gl paids plojle M Fas glhatss jslase cnl 4 ol
gy bl lojle laadds 3 V:Y0- -
Aol b s s o0lizal V- - -+ uliio b 35 pelce
Sl alles )3 (559098,50535 5 (olidime) sloary

ol 5o

wog> p olaad pa ol Jol> ade>n; FA 5 )15 aoly
S oleeds wivg alie Glisgas gl 5 (Ken oS
ol 4230 (o) Sqz b 485 A0 65wy
W b owlilimey sl gpdile 4
bome o (oulidiine) gloaltdi 5 ass> 6,15 slavsly
S axlg o 10 wisle o Coluw g oal guals ArcView
420 b arld dasiile iz @ 428 b e 0 (sS
Ot Sz b (e 92y 52 sl Gl B Sl
'BLM g, 0 (a3iltel s oo wsib b ialo b oo
sloads> Cuglyl (s slp b plxl )5 02ly 5 50
Siglgraee laaxly e (iolud JSal hisl calise
Gl ArCView lusw ;o adg> iolw s ISl asss b
25 50 il p s JBAT colas (ululinlz
A astive ddg>

Sy g Lasl-Y

S 9w ) Az ‘S.Lz;.o—\—"‘
BC o..\.wu.u 4.5|)5) S99 L)L’)} Ja.ws.a.a &° )I oolaw! la

5 2l sblae (oo gleools glad (5ykeg,0m oS!

!Bureau of Land Management

u‘wwsw)h&m

Vol. 8, No. 3, 2022

4@3

\Y"\}ﬁb:‘\"o) ‘/\o)jb


bshahmorady@gmail.com
Typewritten text
704


Ay gy 3590 p g Gialed JSS] s

(V) Jsoz )0y Jb oS Sgr Sole oS

(Hudson 1993) yiws ,b o5 sl Sgole (gain S =V Jga
Table 1 Maddock’s classification for estimation of the bed load (Hudson 1993)

Suspended Sediment

Concentration (ppm) River Bed Material

Suspended Elements
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Bed load discharge (% of
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<1000 Sand Similar to the river bed 25-150
<1000 Gravel, Rocks, Hard clay Low sand content 5-12
1000-7500 Sand Similar to the river bed 10-35
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Fig. 5 Types of erosion observed in the study area: a) mechanical, b) sheet, ¢) rill, d) gully, e) channel, and f)
bank

5 Skt Gl aled (30 5 z-0) JS& 0900 o)La]

03 g0 oLt 1y 0,55 )95 ezl 039> (Bais

G109y 9 lapl T sl y3 —Y—F-¥
5 6kt Gialeyd gt i ol (Ch) lasl ] ol b
O gy JUES 5o @ils sk Ygare 5 Mibos (S
doanl ] o ase> ol maw , Gisled ol osls
kol dalpl 5 Sojslyian glaasly 25 slocend
Sy 033 (Ch) lawgie 3 (Chy) o5 slacsals b 09>
oo lgs o g il 3bline ;o (SD) glailsog, ol s
JSs Ol Gy g dbwgts laalisg, 5 laaal,]
Wlsg) o)LS 50 05> cnl 5 lep g (ul 9 o
(Sh2) lwgie 5 (Sh1) o o L (0,95 ,53) Lol
el il g5 ol gsdy sl ounlive i3
T 5 Gl xS IS aalnl LS glaoslr 5 2l
5l sled el 0ps )5 49> 5l (gb) band gm) (B

Environment and Water Engineering

JERCCRR RO R
WY 5l ey of eSS e R) 6ilkes il
Bed e dbml S sla S35, 9 baylets 21 )0 by
9 (R1) o5 slocas b ase> cpl jo Gl gg ()l
ol olml o Jele p nge Ded e oass (R2) lawgie
@ ol olidney glaijle @wos> mhaw )3 Aale B
ol 5ol G)LS, 5 (ao9> laded 5 Sal) Sialeyd
oo 1 () Sa5SiT y (i falonys 22l e adp
Sezg 4 axg b gd e dlml 6l slol Aliwsa S
b d nl aslllans g0 adg> )3 i 8L L slags)
“so bgie U oS slages sl g oo S0V & jp0a
e b @bl )3 0,55 )93 ul 0je> )0 agus awaly
030 (G2) Lavgie 5 (GL) o5 locwais b cawgie b oS
oleyd g5 cnl wals Gep Sl &5 elge 5l wigd o
LY g W Vb lacad o mao elys 4 Ol o0 998 o

Ol (pige 3 S jlane

Vol. 8, No. 3, 2022

VE) 5l o o )lass A o0


bshahmorady@gmail.com
Typewritten text
706


W92 Cogmy 355l g Gl JS! s

3 Jeo Jelse 9 BLM (aslis oL, s (V) Jsax
slaaxly 5l plaSye iolo B JSAH(F) Jouzr 5 (ale
e oo Lad | adg> Sojsly e

O 8 Sy oy, g slaalyl slaiale
el 00 00)9T (9—0 9 o—a) g}i‘“ 49 L)”‘QSJ"

b8 Jaily g ol sy —0-Y

SIS sloaly Ty ol b s S3e Julye 9 BLM 03— Jooor
Table 2 BLM form and effective erosion factors in sub-basins

Rocky .
Sub- The mass Litter cover Consolidated Surface  Form of Development Total
X movement : rock . of gully
basin . covering of rills waterways . scores
of soil fragments erosion
ground
1 8 8 5 8 4 3 2 38
2 12 8 6 9 9 10 4 58
3 11 9 6 6 8 7 3 50
4 11 11 7 9 11 10 7 66
5 12 10 9 10 11 11 7 70
6 12 11 6 10 12 10 8 69
7 10 9 6 7 11 11 7 61
8 12 11 8 10 11 11 5 68
9 12 11 7 8 11 11 8 68
10 7 7 3 4 4 4 0 29
11 10 9 6 6 10 9 1 51
12 11 11 10 9 11 10 7 69
13 10 9 5 8 10 9 0 51
14 10 10 6 8 10 11 3 58
15 10 10 9 9 11 10 6 65
16 10 9 6 8 11 10 6 60
17 11 11 7 8 11 11 4 63
18 12 11 9 9 12 11 8 72
19 9 9 5 7 10 9 2 51
20 7 7 8 5 5 5 1 38
21 11 10 9 10 11 10 5 66
22 10 9 7 9 10 11 2 58
23 11 10 5 7 10 10 5 58
24 11 11 5 9 11 12 7 66
Erosion 11 3 10.6 7.8 8.5 111 105 6 65.5
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Table 3 Erosion type of each unit and percentage of relevant area

. Area Area Geomorpholo . Sum of .

Units (ha) (%) fac?es 9y Geological points Erosion type
1 54.5 0.1 Ls Ev 38 S2+R1+M2
2 250 0.6 Ls K1 58 S3+R2+Sb1+Ch2+M2
3 70.4 0.2 Ls K3 50 S3+R1+Ch1+M2+Ls1
4 1459.5 3.4 Ls K4 66 S3+R2+G1+Ch2+Sh2+M3
5 293.4 0.7 Ls K6 70 S3+R2+G2+Ch2+Sh2+M2
6 56.5 0.1 Ls K7 69 S3+R2+G2+Ch2+M2+D1
7 271.8 0.6 Ls Klv 61 S3+R2+Ch1+D1
8 1304.2 3.0 Ls Pd 68 S3+R2+G1+Ch2+M2+Ls2
9 4114.6 9.6 Ls Ps 68 S3+R2+G2+Ch1+Sh1+M2
10 468.9 11 mic Ev 29 S1+M3
11 1563.5 3.7 mlic K1 51 S2+R2+Ch2
12 2974.2 7.0 mic K3 69 S3+R2+G1+Ch2+Sb1l
13 3575.9 8.4 mlc K4 51 S3+R1+M2+D1
14 338.6 0.8 mlc K6 58 S3+R2+Ch1+M1
15 860.0 2.0 mlic K7 65 S3+R1+G1+Ch2+M2+D1
16 166.4 0.4 mlc Klv 60 S3+R1+Ch1+Shl
17 4581.7 10.7 mlc Pd 63 S3+R2+Ch1+M1
18 17114.4 40.0 mlc Ps 72 S3+R2+G2+Ch2+Sh2
19 322.7 0.8 mlo K1 51 S3+R2+Ch1+Sh1+M1
20 92.0 0.2 mlo K3 38 S2+Sh1+M2+D2
21 1206.5 2.8 mlo K4 66 S3+R2+G1+Ch1+M2
22 381.7 0.9 mlo K6 58 S3+R1+Ch1+M2
23 434.6 1.0 mlo Pd 58 S3+R1+Ch1+M2+D1
24 814.2 1.9 mlo Ps 66 S3+R2+Ch2+Sb2
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Fig. 6 Soil erosion potential in geological units of
Khorkhoreh Watershed

Slr 0)93,95 0j9> S cblis g Gl d J5uS Cex
Sl 1B I yges po ) (sl Glgs e ol b gg o
sloced jo celyy 5 g9 5l Grpe Slles ol

ol (e g e jlaie

Vol. 8, No. 3, 2022

\f‘\)ubx c)Lo..fC:‘/\ 0,99 54


bshahmorady@gmail.com
Typewritten text
708


W55 ogmy 355l g Gl B SIS (pns

Loold ay ow yiawd

Ol o lossul g @iy JS ojlol jo imgh ol slassls
AF-YA-YFAQD o,leis oo ),8 sliwl 4 9 as lbuws,S
ools I8 alie Baruss [Lasl o \WWATHY/VE )00
ey BB SAlEe8 o lol 5l eesls ol Lol o
sl e

S5 gilin 3L

50 8l oLy g a5 W jlo so el i ol Banin s
s alae ol lesl b g Sacss b alal,

References
Amini, A. (2018). Introductory Chapter:
Sustainable  development and sediment

engineering. Sedimentation Engineering, 1.
DOI. 10.5772/intechopen.74683.

Amini, A. (2020). The role of climate parameters
variation in the intensification of dust
phenomenon. Nat. Hazard., 102(1), 445-468.
DO0I.10.1007/s11069-020-03933-w

Amini, A., Khaledian, H. and Shafaei, H. (2021).
Field evaluation of soil erosion yield and the
FSM model efficiency in Zarivar lake basin,
Kurdistan, Iran. Ecohydrology and
Hydrobiology, 21(4), 584-594. DOl.
10.1016/j.ecohyd.2021.04.002

Bagarello, V., Di Stefano, C., Ferro, V., Kinnell,
P. I. A, Pampalone, V., Porto, P. and
Todisco, F. (2011). Predicting soil loss on
moderate slopes using an empirical model for
sediment concentration. J. Hydrol., 400(1-2),
267-273. DOI. 10.1016/j.jhydrol.2011.01.029

Bayat, R. and Rostami, M. (2016). Assessment
of soil erosion and watershed prioritization
using empirical models EPM and MPSIAC
(Case Study: Aro watershed). Nat. Ecosyst.
Iran, 7(1), 19-32 [In Persian].

Chuenchum, P., Xu, M. and Tang, W. (2020).
Estimation of soil erosion and sediment yield
in the Lancang—Mekong river using the
modified revised universal soil loss equation
and GIS techniques. Water, 12(1), 135. DOI.
10.3390/w12010135

De Baets, S. and Poesen, J. (2010). Empirical
models for predicting the erosion-reducing

Environment and Water Engineering

‘ks"da""’ u,..«.'l.,..;)_% &‘5.:‘ dod iy (5,15 glauxly ST -
Jlade 0gd co 0asd (glailEag, g (slanlpl o Bas (gl

Wotiw g, (Souise | oolaiol b dsg> S Gles g,
<ol Y4« ton/yr

Alpadlaes,ge adg> ohy cgwy A Hlade -
& slaasly jo jlade ol i 0,41, YO ton/km2.yr
el vty Siglite calises

LT Jolae adg> JS 45 oaddmle S L o Y
i e AR TONIYE 5 VOY/Y LYY o\ slaasls -F

Sadle asg> jo 1y ST L Glie (0 5eS 9 0 i

effects of plant roots during concentrated flow
erosion. Geomorph., 118(3-4), 425-432. DOI.
10.1016/j.geomorph.2010.02.011

De Vente, J. and Poesen, J. (2005). Predicting
soil erosion and sediment yield at the basin
scale: scale issues and semi-quantitative
models. Earth  Sci. Rev., 71(1-2), 95-125.
DOI.10.1016/j.earscirev.2005.02.002

De Vente, J., Poesen, J. and Verstraeten, G.
(2005). The application of semi-quantitative
methods and reservoir sedimentation rates for
the prediction of basin sediment yield in
Spain. J. Hydrol., 305(1-4), 63-86. DOI.
10.1016/j.jhydrol.2004.08.030

Elirehema, Y. S. (2001). Soil water erosion
modeling in selected watersheds in Southern
Spain. IFA, ITC, Enschede.

Furlan, A., Poussin, J. C., Mailhol, J. C., Le
Bissonnais, Y. and Gumiere, S. J. (2012).
Designing management options to reduce
surface runoff and sediment yield with
farmers: An experiment in south-western
France.J. Environ. Manage., 96(1), 74-85.
DOI. 10.1016/j.jenvman.2011.11.001

Hudson, N. (1993). Field measurement of soil
erosion and runoff (Vol. 68). Chapter 5:
Sediment transport, Food and Agriculture
Organization of the United Nations (Food &
Agriculture Org.), Rome, Italy

Hui, L., Xiaoling, C., Lim, K. J., Xiaobin, C. and
Sagong, M. (2010). Assessment of soil
erosion and sediment yield in Liao watershed,
Jiangxi Province, China, Using USLE, GIS,

Ol (wdign 9 S larme

Vol. 8, No. 3, 2022

&

VFe )ul) <Y O)LA.':J A 0,99


https://doi.org/10.1016/j.jhydrol.2011.01.029
https://doi.org/10.1016/j.geomorph.2010.02.011
https://doi.org/10.1016/j.geomorph.2010.02.011
https://doi.org/10.1016/j.earscirev.2005.02.002
bshahmorady@gmail.com
Typewritten text
709


AR

VF- an)Liong‘_g)..\.w

and R S.J. Earth Sci., 21(6), 941-953. DOI.
10.1007/s12583-010-0147-4

Kokh-Shrestha, M. (2002). Soil erosion
modeling using remote sensing and GIS: A
case study of JHIKHU KHOLA watershed,
Nepal. In Asian Conference on Remote
Sensing. http://www.a-a-
rs.org/acrs/proceeding/ACRS2002/Papers/SA
G02-7.pdf

Landi, A., Barzegar, A. R., Sayadi, J. and
Khademalrasoul, A. (2011). Assessment of
soil loss using WEPP model and geographical
information system.J. Spat. Hydrol., 11(1),
40-51 [In Persian].

Lu, H., Prosser, I. P., Moran, C. J., Gallant, J. C.,
Priestley, G. and Stevenson, J. G. (2003).
Predicting sheetwash and rill erosion over the
Australian continent. Soil Res., 41(6), 1037-
1062. DOI. 10.1071/SR02157

Morgan, R.P.C. and Nearing, M.A. (2001). The
future role of information technology in
erosion modeling. Handbook of erosion
Modeling, Chapter 1, DOl.
10.1002/9781444328455.chl

Noori, H., Siadatmousavi, S. M. and Mojaradi,
B. (2017). Estimation of soil erosion and
sediment yield based on satellite imagery
using the GIS technique and employing
erosion  potential method (EPM) on
watersheds (Case study: the Dez Watershed).
J. Manage. Syst., 10(32), 45-54 [In Persian].

Tajbakhsh, S.M. and Memarian, H. (2003). The
Sediment yeild potential estimation of
Friabad and Kordian urban watershed using
MPSIAC Model in the GIS Framework, Map
Asia, 2" Annual Asian Conference, Malaysia,
Kuala Lumpur.

Tajgardan, T., Ayoubi, S. A. and Shataei, J. S.
(2008). Soil erosion and sediment yield
assessment using MPSIAC model, remote
sensing and geographic information systems
(Case study: Ziarrat watershed). Pajouhesh
and Sazandegi, 21(2), 37-45. [In Persian]

Tangestani, M. H. (2006). Comparison of EPM
and PSIAC models in GIS for erosion and
sediment yield assessment in a semi-arid
environment:  Afzar  Catchment, Fars
Province, Iran.J. Asian Earth Sci., 27(5),
585-597. DOI. 10.1016/j.jseaes.2005.06.002

How to cite this paper:

Sedri, N., Karami Moghadam, M. and Amini, A. (2022). Determination of soil erosion and sediment estimation

of Khorkhoreh basin using sediment
10.22034/JEWE.2022.318097.1688

rating curves.

Environ. Water Eng, 8(3), 698-710. DOI:

Environment and Water Engineering

ol i 3 S jlasme

Vol. 8, No. 3, 2022

o

IAER! /.ul.) <Y o)La..i: A 0,99


https://link.springer.com/article/10.1007/s12583-010-0147-4
https://link.springer.com/article/10.1007/s12583-010-0147-4
http://www.a-a-rs.org/acrs/proceeding/ACRS2002/Papers/SAG02-7.pdf
http://www.a-a-rs.org/acrs/proceeding/ACRS2002/Papers/SAG02-7.pdf
http://www.a-a-rs.org/acrs/proceeding/ACRS2002/Papers/SAG02-7.pdf
https://doi.org/10.1071/SR02157
https://doi.org/10.1002/9781444328455.ch1
https://doi.org/10.1002/9781444328455.ch1
https://doi.org/10.1016/j.jseaes.2005.06.002
bshahmorady@gmail.com
Typewritten text
710


