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Abstract

Introduction: Soil degradation is a phenomenon which damages the soil structure and reduces its
capacity for production. Soil erosion, as one of the most common forms of soil degradation, leads
to loss of soil surface including on-site and off-site effects. Although soil erosion is a natural
process on the earth, some of the human activities such as burning agriculture residues,
deforestation, overgrazing, and lack of proper soil conservation practices accelerate soil erosion
and enhance the negative consequences of erosion. Selecting and implementing of management
scenarios requires assessment of soil losses from different management operations. Generally,
management practices consist of structural and non-structural methods used to mitigate erosion,
prevent nutrient removal, and increase soil infiltration capacity. Application of simulation models
is an appropriate technique to evaluate erosional conditions. GeoWEPP is a process-based,
distributed-parameter, and continuous simulation model of water erosion in watersheds with the
possibility to simulate hillslopes and hydrographical network. Identifying problems in the real
world usually produces large amounts of information and decision space, which requires
optimization using evolutionary algorithms due to the variety of aims considered. Considering
diversity of evolutionary algorithms, NSGA-II is one of the most common and effective
multiobjective evolutionary algorithms (MOEA) and a very powerful tool for solving problems
with conflicting objectives. Development of simulation models with optimization algorithms that
are capable of analyzing very complex systems, has been found to be very efficient in real world
problems. Simulation-optimization models are powerful tools for solving problems for least cost and
best performance.

Materials and Methods: In this study, to predict sediment yield and runoff using GeoWEPP model,
the integration of WEPP, TOPAZ, (Topography Parameterization), CLIGEN (Climate Generation)
and GIS tool (ArcGIS) were used. The GeoWEPP model provides the processing of digital data
including DEM, soil and landcover (The format of inputs was ASCII file). To generate climate file,
the CLIGEN module which is a stochastic weather generation model was utilized. Furthermore, in
TOPAZ part the CSA (critical source area) and MSCL (minimum source channel length) to delineate
streams and also the outlet point of studied watershed were defined using GeoWEPP linked to
ArcGIS. Using the basic maps including DEM, slope, soil great groups and soil database the
GeoWEPP model simulates and generates the hillslopes automatically; therefore, this is an important
advantage of GeoWEPP compared to WEPP model, which is capable of performing the simulation of
watershed components spontaneously. In this study. in order to optimize the placement of gabions,
118 channels and 5110 candidate sites for gabion construction were simulated and evaluated. For
optimization process of the number of objectives the AHP technique was initially used to prioritize
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the effective factors on the placement of gabions. Analytical hierarchy process is a structured
technique for organizing and analyzing complicated decisions based on mathematical calculations.
The AHP depicts the accurate approach for quantifying the weights of criteria and estimates the
relative magnitudes of factors through pair-wise comparisons. The AHP technique includes creating
hierarchical structure, prioritizing and calculating relative weights of the criteria, calculating the final
weights and system results compatibility. The main criteria (objectives) for our study were minimum
distance from road, minimum distance from residential area, maximum length of main channel,
maximum sediment yield, maximum discharge volume and maximum volume structure. The AHP
technique made it possible to restrict the decision making space and the number of possible options,,
therefore simplify the optimization process. Then, NSGA-IlI (Non-dominated Sorting Genetic
Algorithm) was applied in order to find the best solutions, i.e., the Pareto front, of alternatives for
optimal location of structures based on the two objectives with higher priority and distance constraint.
Results and discussion: The results of paired comparison matrix and prioritizing showed that the
length of main channel in the watershed is the main effective criterion in locating gabion structures.
The first priority is the most critical channel which produces the highest sediment yield; therefore, the
most expensive structure is established on that channel. After channel length, the volume discharge is
the second priority of effective factors for gabion placement. Using the results of AHP, based on
channel length and discharge volume, the non-dominated sorting genetic algorithm (NSGA-II) was
performed and the priority of critical channels and the specific position was determined from 1 to 35
among 5110 candidate sites for gabion construction. Using the ArcGIS, slope map and the lowest
width of the critical channels, the best place for gabion construction was determined. Moreover, the
main output of GeoWEPP is the spatial distribution of sediment yield and based on this map the
sediment yield was classified in the watershed. Based on this map, the red color was the highest
amount of sediment yield (more than 4 ton) in the watershed.

Conclusion: Results confirmed that application of simulation-optimization techniques helps to select

the best sites to construct gabion as the best management practice in the watershed.

Key words: GeoWEPP model, optimization, multi-objective decision making, NSGA-I1
algorithm, analytic hierarchy process



v

1Y 550 o oyled FY o (55558 ade dlaes) 1)) wilige

=)

S 5 ,,:mﬁv 9 (S50 dds o 31 oslaial b @%b‘ Sbuw Sdug WK
(<Shosl 08! 3okl (4o 9> (SO90 S4xtli) Dol (S 3wd yo

Fal;:'- sl L;:Las}vdaa;}rw ©3ledsle G*‘J)M)‘ r>l>' e c\‘_;u\.:;-xi ot

Ol Glsal Glpal Ol ez g olStils (655 5UaS” 0utSCtils (it 05 8 iyl pulid )8 wist gl tils -

Ol 31 sal lgal O oz g ol8tils (555 laS” 0uSitils pulitSTls 05 8 JLskial ¥
o\,_u;,l;.ﬂ)',;@:,Jacm,d;,”u;fﬂti:_;ugTw.u@o,f,pu -y

Ol Glsale 3l pnl Ol o g oltils (55, 5LaS” 0utSCtils iS5 05 8 oe —F

o>

.o

Yl a5 56

0990 DIl g 3 9T Slaadgs 30 B gulwd £989 4 d>gi b
Bl Sloils Sang LUK OT Sl4os> 03y 9 Sl4os>
0595 9 YL Caodl 3 Ogwy sk g il 5 el 4
S 47 e Bl (S10ile cbli> Slogad Aoz I .
Slguy (fSINl P10 4 9 OT Ol o pu ol 53 SFg
ol Dl Gdug SLOKD sokiio 4 AR (ul 58 .18
1o w8 Colw b Sedl ookl dog> 0  Jgul
3 (AHP) 51y dude Jalow SSS Ut 3 & p0 sioghs”
&6 (Sloding SB bxe b 03kl (NSGA-IN) i3 vt 395
Ol 3 Aol Blus ool 3l Aol Plos> 5  foide Sud
I gy sk e (ol JU Jgb w5 lua (gl
S g JBT ST Gale Sl g (295 DT x>
T Nl Sacaglyl (S el Wiyl plonil Hotue 4 AHP
JU Jab &5 210 Ol sucaglyl 9 (295 b Sawbio
Golw QLU g (Criteria) sbxe cpyjdg0 Olgie 4 Lol
Oty 5 JOI o 5 Jl o Olgie 4 J9l Coglyl Sl Sl
CRFOLT 4o 50 b 4 5 55 50 ihlod 0 Mg ) Doy b
Sl ¢ NSGA-N jludiug w5951 380 o0 Sla! OT 33 o3k
Ol 9 Jlm G pul (295 DT o 9 JUU Jsb
Sly EB3390 Salo 011+ Gle 33 10 6 ) oxled JBU™ 31 1y T
S oolitw! & wled 0 dwlb S L0g0 Rl (gl Olus|
Ol 4 (Plb Gl Gildug — Gilvawd LS
e Olgs 4 Ognl Goil Slusl Gly cwle LUK

o lod g0 ST (D g e (Sogu

AL V.YV VAV C_aﬂi).) G)U

WY/ F/YA Ly b

(Sl Slals”
GeoWEPP /e

(S ilvdig

AU (6 it
NSGA-11 51 1501
(AHP) (oyo dhuds oloes

QU&A Slsedge

Email: a.khademalrasoul@scu.ac.ir



mailto:a.khademalrasoul@scu.ac.ir
mailto:a.khademalrasoul@scu.ac.ir

YA

6:}:;\? Sy s @L:;lg.a 0L, K Sk,

W) T olSen 5 daslel (V) ol 05 5 Iy (5 Kader
S0l il gl cwbe O Ol g
Gai 5 K305 okl CAHP) s1e dlake Jlow
31 aslizel LAICGIS i3l 5 Laome 53 ok (iss !
4 bgp GAAE e AD Cyn olas 5 5 balne
B 5 b g b0l Sl (ol LU stuc I
Gy JUS ¥ sl (JUST AFF Ole 1 &S sl ol
Sl p3Y Sudsl 55 dmen ke L0 sl
ssbte 4 58 (19) Sll o Lyls,y o a0 csla
N ieS @l Wl S 5 Bl Carsy
SNl st 3l b (510 deder o ST
b e Jlae & e (pl 53 5 2505 e3lizul L3l o
L3S 5 LS g Al Cu sl b)) g
Ol Ao s 0 ssde s Jaid oS sy (LIS @Lﬁ Solg s
B ) ble s Led onlin (5355187 (5l B0
Sloosed 53 Al oo odkd iy 5 5 3 Loyl 5 5 Laslme
e o3 A Opmen lep JES lojle SBli
» e Bl S b Ol Ko
ookl rmman Bl Gpde S e
e (Sl — (Gileand gladde Il
Siludde 5 odle &8 Sl oo gyl J s (oS
sy 3 Rl p b b e (S5 ooy sl T3
Al s 8 By 5515 aeds  s3ladl oSl 5 @

S b Sl dde (6,8 e slgte ol
Jbe o T Jlyl 5 1wl Glagal 3l (frex
Lo ol 23055 bl 1) T oo Ol e (g5lnand
Saalsl 53 A8 o gduesy 1y IS LSL“é”‘L, Cataz
Il slagenly dyitor fud Cmoar Sludings dbe T
W5 s 605 055 sl Sas 6, dlesl L 1
1y 6 lrnd Jo ey b 351 (51 Iontoee 5 03 500
bzl Comer ool il 3 ol il o Sl 3

sl (Gl gy Gl & I Sen LS g

1- Emamgholi et al.
2- Analytical Hierarchy Process

400

g5 ok Gl Rl (Gl ke
e slao s 51 5,80 LU(F) Cal ST il b
O shailae o 5 @S Ll 2 b lie 5 ke
ST OT 5 b e Slas 5 ST Jile b Ol
Ll (e Glhesd 55 4 5 oll sl
ot Glgsle G ke S Coyyue L)
Slfa) Jols (2 pde Glaosd (F) il e il
ohlep Gl sk 4 ST Sl Glojla s 5 slo
2 e oME jule Cipua l Cwles (S
gl 25 RIP s S 38 b IS
S Sy 53 Cusgdome Jl 8 4 (Y4) 555 0 ol
3 s gdoms pl oS gy 5 Sl &S o5l
&9 o 4 dhole il by Cgr Sl oa 5 1 1 L
ol jluand gladde 1 4 Conl odd o (il 0
(10) 354

L Vgome GLOG filoo Sl 4 g b men
sl 5 (2ldb 5 il go ML I ans oo
fn )3 el sy 63k Shoms Sl 558w
Gyl s iy Ny s WSS 6"‘:"‘—);“ 51 ealizal
SINSGAIL LSt o2, S 0) 558 i TS
Slasker MlSS lagz s S 52,08 5 5 cn s e
bt 5 i law Jo (sl Ll 5 (6l 1 &S
55 51 NSGA-II v;win () Cul Bl gl
03 78 ol )3 Sl 136 5 U o olinul ol Sass
AOY) das ¢\>,u'| ) oee (oda e 5]
3 S ol ol Silag - Sileand ladde
ol Ol 5 diea luang Pl > Gl Ll
Sl 2L e b slae polie ol e
()

oS ol er & (S5l Gladde S s 0)s
Flon Jor B o (Gilgs slapn, S (ol

S iyls 1y e ehs 4 s edoms e



4

RS ﬂjL_{ AR a)ufv JJ> (6))}\.&{6‘:19 ‘dau) ‘59‘)) &5“"\"6"

sgr o Jals it 51 620828 5 O 50
el T 5 23 (5L
GEOWEPP oo tawgi O ysb (& il
Grom 5> Dy s )l 25T, ) shies
L3 e s TOPAZ e L GEOWEPP Jus i sl
Sl gl ormes & eslind AFCGIS i 5 L
@45 3 Oy g0 4 5 BPCDG il 5 ) aikas (o
Bl B 5 eslinal ol oks b Jda 3 Jies
Jhe slassgyy o jege LS astle CLD ik
i 5 S sakb sl o, Jio GEOWEPP
S gyl g,y pled S Cl ) iy
3 o3lizal 3590 51 a8y Je LOA) a3l ASCII
o o ¥ G 505 LSRTM i tags ol
(Mo sl (ilaand dulp plnl S 43 S
LT 5 ¢S 51 gl i gad Slles daaid Gubss
Je (63555 sl el 5 b ol by o AT
Goo sl bl S (laand dlp 03 3 S g
WS T osle ds s S il (gl ol Ao s (ST
WSl 3l ¢ 555l sl b b S $Kaw o
08 k52 S by el ol 5 5T
b Sl i (5, S0l ST 4B NF gl
St S (0880) g gdslas by S goldT
Wy Oy o Sl STl JT 5l a
JB S i ¥ s Je lasass Sl 4 4 L
Olse & gl o8y dba iy o5 51 g M ol iy 8
G ) s T e e Gl b
@ik g aikie Sl Sloges OT S5 5,4
gk g8 S L wm S gl
m S s WAl 5 g (e Jels GWlle
b ypde JB eSS 5 4 ke 4 il
Gloolgale s slas 5 Sl Slass 3l Sl eslizal b Slalllas
Ko i et 60 5 upde g5 A
Shls o 50 iy cels Sl b 05 5 Ol
sl 3 ST Jals Ol law g C5ST 5 ol sl

osdle (Blim glaojle S5 5l 2 b a6l bl
T 2 Shes Dlokly s (51 (S3lwand Jo (121
Slabin v a5 b b ol 4 p 0T Gas o 5o
550 3551 5 BOT Sl e o 5 lao Lo uikin
Sleojle g glolr gakiue B ass o
ol g b e 53 gy s Gl RS
e &5 Soge 4 sy 5 Sl Glaesls

3 8 (g5l oy (6,8 e

b 9y 9390

dxfllae 8590 dikain Cuxdgo
Obw gl (S5 sz 53 adllas 3)5e (gadkais
5513 (U o 51 i1 e YO 13 90) eShasl,
VoF o8 Colas b eSesl dllds o3l 0bel (545
Cadge 53 5 e Jool P oGbls mpe kS
G 0F 5 Jd Lo,e YO ¥ L YOYY LU ae
ol () JS8) Sl 0 @Bly (35 b 000 1F
SLT stz 4 4o OFM-IFAA) gdle Ve Sl
oSbe 5 jedde OF+ od) ¢St i ol 3 5 40
YO/F 5 YPIA oo alabe gl STae 5 Jilus
~adlaia ¢ 25l 5 b3 Kle ooy 55 a0
S 230 5 Sy sbs w3s s> Sllles 5
ailain 55 5 g0 S (Glaosy o fage Lol a3
sl 5 dgu sl GospS e Slllas
Lithic S 5,5 @los 8 Jols S dzes
Typic 5 Typic Calcixerepts Xerorthents
Lithic shesls sl . Xerofluvents
Clay Loam JJe <ib sl Xerorthents
e il glyls Typic Calcixerepts glaes's
«hls Typic Xerofluvents e 5 Loam
sl o bazes Clay Loam JJe ¢S sl
TWolsgd= B0 o SWllas adhaie j5 S 54
3 e S a5 Ll ST 0 LS g e
S by g s ST el 5 Jbs 5 i G b



Y.

6:}:;\? Sy s @L:;lg.a 0l Sk,

ol 5 i b ol 8 (e S 4 s (il
Bh b)) (K
NSGA-11 § AHP 3.6 b (5 jludug

S 4 g by Sleang Ll el sk
D Ple5 53 (e dhds s SSSS 1l s Calual
38 ol O sty I S ol e ¢ JuST
Olgea, Oda &b )3 Sl s duly J
53 0l Slasl garg O LS 56 Julse
dbte | ol coslr 3l alob , fezie Ai a3
5 U sb sl i ST e (S
¢SS AHP ¢SS B3 03 Ll JUE ST 2l 3
bl ek Plas g 5w Gl )
i85l S5 sy AHP ¢SS Lol ol Slnlos
bl g6 Lol e 5 lajlas 055 055 oS (812 1y
oLzl (V4 ) Wl o a3 255 s e 3l o3zl
5 il )3 (Glesle Sous L AHP oSG
5 Ll g o gl dffrw Slad 03 873 gudos
st 53 NSGA-I JuiSs oz, S 5 AHP - L
(Y JS8) &b pdy & 50 Matlad il 5
NSGA-II suaki (giluang Jde sl elyl ioman
EF 3 U FS St Do S el
35 e gl Sl o &S5 B 55 TS 5
JMas 5 g ol cadsl B3 g palas (V) Jgi- o
odd 03,51 Comlar Jow 0T 3 5 il wg
5 Caslsl Odd aduto 4 4 5 b e (sl s 55 o
S s SLGS DS 3 doma 5 SIS 36 Jol g s
oslizul 3550 NSGA-Il Wl 43, S AHP Lo 5
2 5l Sager 3 e gla g sl sl 5 28 8 13
SWae a3 55l (Slaejl (s O e
Silwted JUS (688 5 Glate Calg )3 53 98 &GS

3- Population size
4- Mutation rate
5- Crossover rate

o3 8 il 5 e 3 08 IS 5
90 2 ot Ll b ls cae OIS (gaaul g iomen
Time ) by s 55 1 iulo b slaslis ;) Curds
OLlj g 5 5l 055 BT Sldes ¢ ol cz8” line
038 255 b s (hluacd 5 o 5 o) clble
oA Gl O3sei pasie 5 dde slagsas,s
I eSlgl Sose 4 Jus 55 as - (Outlet)
o) 3ok S s e ileans OT 53 1) aals 5 4
4 b S Sl OT WEPP Jus b awslie s Jubs
D ot VL S8 b e 55 90355 baaials s iy o5
S YL LB I pmmes (das s el )
Sl Slay g (JUE) 21T e et Ca m
aikis GEOWEPP JW TOPAZ s 55 .(VF 1Y)
(MSCL) JUS" b Jilim e 5 (CSA) 1 s e
iy b gy Gl s sl T e g
s GEOWEPP Jue e 0L 4 .(O0A) xus
2 3MSLC 5 CSA m byl 53 Lo g | glanl ;T
LS or ot 3 Anloe cadlaie i1 o8y Jdo b
55 e s S (A 5 e el ol 53 a il
Yo Joles CSA Sldie ass opl o s adlate ¢
)-’pf‘f&'"-*’”.“r:‘"fﬁ#‘f‘:““ﬁ;ﬁﬁﬂg%
e s Copde gl Glaab s s Ollos
A MSLC bl lp e (550 Sl o5 s
35 5 oslu sl 4 a5 b hagg cpl 5o (ABL o)
Al ol deaslr O g wlans Sl JuSy 8L
b Giluad e 4 b B 5 s g Yoo
o T as e 5 ulg 5o 5 bl dlaaiels ( JUE
s e ohes 4 Je U 35 SVl glaaY
3 eslial 350 e (slacs3s,s Ol sie 4 dikate 2l
Syt b O (3lutingy S A ol 5523 S
O+ 5 JUS WA sl 5508 blis (gojle Sl

—ad g sloul 050 Sl LS Ol gea oKL

1- Critical source area
2- Minimum source channel length



vy

\\“\‘\};gd"gwﬂ”&-(@),w ;qlﬁdm)g‘))ww

Spge 4 bojle S glacs Jsl 03,57 Cusa Sl choltle Olgea Sl LU wld
o) O ATCGIS i3l 5 5 eslizal b Gl sladblS A aeie o Jsl o 5 4 0508
Do)t 4 (Sodd o pipn) GHE (535 1 ne L i) aibie SIS 5 5 Sl gat ol e

Mu.a;ui..uda.i., JUKJAJ}EJ{): db’lfu;l,o &1):.«53(;..:.&

5w oAb e 0508 a Sl 385 0K ¢ S o

G380 axfllan 53 oolaiw! 3380 NSGA-TI iy 5981 (S syl pdlie (V) J9us
Table (1) The amount of NSGA-II algorithm in this study

Default /5 5t s

Optimal value/.g; ,laze value Bound/ su> 55\ Parameter/ z,\
100 60 40-120 Population size/caer slux
0.5 0.5 0.2-0.8 Mutation rate/ s 5 & ;
0.08 0.02 0.01-0.1 Crossover rate/ i & 5

50°4'E 50°6'E 50°8'E 50°10'E 50°12'E 50°14'E
- - Ammmm = Am -

Stream Network

31°30'N
31°30'N

31°28'N
31°28'N

31°24'N

....,.......,.......,......5.......,......
31°24'N  31°26'N

31°22'N

31°22'N 31°26'N
e

-
50°4'E 50°6'E 50°8'E 50°10'E 50°12'E 50°14'E

Il Study Area

a5 Khuzestan r
I.R.lIran '

Wl ditrio B F9 50 4l § Ll i Cuxdge (1) IS
Figure (1) Geographical location and hydrographical network of the study area



vy

d}:;lf Sy s @L:;lg.a 0L, K Sk,

SWles a5 >

(... 9l e S 4r:t51 LDEM)

55NSGA-II 2, K ol

MATLAB L.
\l/ S 9 ol p il
Pareto Optimal GeoWEPP
Front
Jbe sla 5 &
5, (JUK 6 lad (JUS™ J
S sl JUS e = ’ >

sVl il b ldie (s

cJUK Euds AJUK@ alaze L D)

;§|~\> )
S35 2 1O S Lond e a2
Sl sl ArcGIS s Euclidean Distance Jis 5 5l estiz.!
s b alols
a:\? U alols

Ooldal gy gl 5 (23055

AHP L.z

\

4 N

el S b STl
o3l 3l alols 5l
oA 2T e S
5 5Sme 01K 3l alols sl

Syl S e

\ JUS oS il b S s /

o3 PLsl Gl ol j0 sl gl (V)
Figure (2) The flowchart of different steps of study



vy

RS ﬂjL_{ AR a)ufv JJ> (6))}\.&{6‘:19 ‘dau) ‘59‘)) &5“"\"6"

Sl () 108 5 oSy pman il s 555
s Sl ad s 53 Cgupl Candy 5 Sl o)
sl olis alol>- @L:S 5 L5 gad enlizal GeoWEPP
ool s DUl Camds Sbo e 526 Jde oyl &S
3l e T El ) Olg e s Sl as e s
2 ges o3lazul laas o )3 Conle 2 e (Glae ol
NSGA-11  AHP _adl gubs

oAl Do 4 e ke Lo ST
S Lo cu)g e Olal o s Gamlas
(Y Jgder) Conl o &yl Jalse pl Gy 8l
Gaaly das o Ol Y Gojled oo S 45 Olea
3 el ol &S Sl Gl S a Jolge ol s il
Sl G gay p Gsline 0856 O s
ol 23055 b il e sy S el
Sl 0 55 2 T 18 56 Cu sl Julse
Slaglie sl 31 eslizal b dd oo b05uE
ks o Gle 53 3mse Slsls 5 (25
SRR F NTH L Y PN I P
S Cipdy Sose G5 ol Slisl LUK
SOV oled dar 53 Gy Jol ol a4 b g o s
el oS

Jsb bele das e 0l ¥ Jodsr S 45 Oler
5055 AV Glls Ao FV/F e pdis Loys L U
Goile Slusl OG 65y p Sl o e 1
54 Lol QU Jsb 51 e cmomer oSl 0508
st S T s S 50l Sy
P YN pds Aoy b (s O e bl
Coslsl i e & 3l S8 Sl gy Syl
PRI PNV S N PRPS O WP SR g
Ghla 1 akols Jole dgdr cal 53 zoukie gmls ol
S Ghls Aoy V/Fr pdis doys b (SsS

el 0 58 Bl 36 (695 1 (6,108 5L O e

2- Yuksel et al.

g mbs

T Dgw b (& 3lednd (G42EGeOWEPP
Sisw GBOWEPP Jue 55 ulul ¢l 51 S

S glawY 05,8 5 ausls a4 ol atels
(S 5s0n G Lol s ladials oyl 5 AL s
O, amzps 5 Llesls (a5 1y 5 5T e JS
5 ookd Mg Oyl G g basb ol el
sh g ad S L )3 5ol awlos 4d g Sl g S
il p e L g ol (giluand )l il
Sl okl eals olas ¥ J.(..; BX) GeoWEPP
Sy Gl iy das s Ol Y e S 65 Oles
S laaals 3 ods (luand Opmsl Olea
2 gleal) 5wl Sl 4l (godins
NE R S I VY P PYPUIC Sp g
o 53 S das o OLE ) baaals oyl (,uf,a 3
ok 3,51 p (s b 3 as e IS sl
S ol glaatels (godins Ol 05 a3 6K Ll
Ol 5 LS o g 1y Syl i o 2io
$5 Oler Aibo 5 F 5 AL T Sl ol gl
Semy 4 drg LA o Ol el &)l g4kl oS
basls in 53 Jlllbe gas e )5 uS glacd
B P R I B P ST I N P J
3 baaals & 5ls Ol 2ags mls 8 o sdalie
Syl T el 6K s il U
25 Sl g F5 S p Salie 18 S0
) gl e oS Ated DI Q) 5 e
Loy blis laojle Cotlu s Sl 55 s
il Bly 53 55k n o8l 3 5 il b S
i sl GROWEPP Jus 51 (W) "o, 5
Glpde B8 adbie 53 Olly,y 5 wsw) 3 Shee
S ealial &5 sls Ol gyl Ls S eslizl
33 Olpde 4 1y Sl ¢SS GeoWEPP Ju

sl BBas e 53 Oy Caady byl sl

1- Reis et al.



YYF

d):’l? s e dl:;lia :Qb&‘u FRTE o)

41 40.00 41 7090 420090 4230.00 4260.00

= Legend b=
87 I oT <= Sediment Yield < 1/4T [ 8
g [ 1/4T <= Sediment Yield < 1/2T §

[ 1727 <= Sediment Yield < 3/4T

[ ] 3/4T <= Sediment Yield < 1T

[ 117 <= Sediment Yield < 2T
o [ 27 <= Sediment Yield < 3T o
oS- B 37 <= Sediment Yield < 4T  +S
g B sediment Yield > 4T §

~w Channel
(=3 =3
S .S
: :
(=3 o
=3 o
o o
©0 ©w
~ ~
3 3
(=3 o
(=3 o
o o
~N o~
~ ~
3 3
(=3 =3
=3 o
o N =
© ©
3 - 3

w E
0o 1 2 4 6
S I km
L) L) L) L) L)
414000 417000 420000 423000 426000

GEOWEPP oo fawgi 0ud (63w dund Sguy sk S0 3395 (S48& (F) UKo
Figure (3) The map of spatial distribution of sediment yield, simulated using GeoWEPP model

5 () ‘O‘)&M 9 J&:if Loly et 55 355 o
2055 s 4 (e b Jdo I lass b
b 53 T S mle Sy pde 3 e Jalse w
S pl 3l eslizal sy O gl (3 gad o3lizal
Flse L) e T 5 s 2, Ll
dste S35 p Jole piiem Gund ol 3 5 S
b Ol sr i s AL T ej e Sy e
5 bausa z2als glly s s g SUSGT &y e
oks 4 SIS0 e (Slao et Olokily Ol g 2l 53!

Wls p 1 (6l sl slaplE

1- Keshtkar et al.

ol ¢ same O dpilr 3 0 611 s ol

e acb S (s 2 OT e 5 ol JUST L
M 36 Ol o iy 31 Lied O gyl (oS
dol b plol b f s Bl e o) 5
Sabm S5 dn $E Tands 313 Dyg 0
b by 55,58 Bl ey 35 T8> 4 Wl
AKVAY CJE Lo boslr jlakol uoean 5 5d Ll
S S & sl Ll 6l 3 e Sussl 5o
Wl 5508 ol UG 3 e opl idw
SYS 555 ol JUS ogdle (Blim J gl 53155
¢SS 4 bl ple Do 53 55 eslr S (OT
phe Sl SIS BB e a05€
S50l Oln 23l o 5 03545 4 5 Washload



Yo

RS ﬂjL_{ AR a)ufv JJ> (6))}\.&{6‘:19 ‘dau) ‘59‘)) &5“"\"6"

(AHP) (26150 dhbs Sk (595 4 00 (26331 S F (295 Sdmslio Ly Jlo (V) J9u
Table (2) Pairwise comparison matrix of evaluated options by the AHP method
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Table (3) Weighting and prioritizing of effective factors on gabion placement using AHP
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Figure (4) Pareto diagram obtained from NSGA-I1 algorithm in objectives analysis for gabion placement
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Figure (6) The map of spatial priority for gabion construction on the critical channels
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