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Soil erosion by water is a global threat to the environment which negatively affects soil and
water quality. Soil erosion modeling is an efficient method to simulate soil erosion, to identify
sediment source areas, and to evaluate soil conservation measures. In this study the Soil and
Water Assessment Tool (SWAT) was used to model runoff and sediment in Gawshan dam
watershed in west of Iran. For this purpose, climatic data obtained from a period of 11 years,
from January 1, 2005 to the end of December 2015, from the stations of Bavale, Ravansar,
Sanghor, Ghorve, Sanandaj, Kermanshah, Kangavar and Kamiyaran were used. We used two
different approaches for estimating of model parameters. In the forward deterministic
approach model parameters were independently derived from digital elevation model (DEM),
soil and land use maps and climate data, whereas in the inverse stochastic approach model
calibration were performed by sensitive model parameters using Sequential Uncertainty
Fitting (SUFI-2), which is one of the programs interfaced with SWAT, in the package SWAT-
CUP (SWAT Calibration Uncertainty Programs). Model performance was evaluated using the
coefficient of determination (R2) and Nash-Sutcliff efficiency (NS) for forward approach and
P factor and R factor for inverse approach. Results showed that in the forward approach, based
on monthly data (2008-2013), the model performance was satisfactory for runoff (R2=0.66;
NS=0.63) and fair for sediment (R2=0.42; NS=0.3). However, model prediction improved for
both runoff (R2=0.94; NS=0.83) and sediment (R2=0.61; NS=0.53) when they were averaged
on monthly basis. Calibration of the model parameters improved its performance for runoff (P
factor>0.6; R factor<1) and sediment (P factor>0.4; R factor <1). These results demonstrated
that the SWAT has the potential to be used as a decision making tool for Gawshan dam
watershed management.
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3. backpropagation

4 . Latin hypercube sampling



(u"”@s)"_ @J&) VE.Y D‘b)ﬁ Y b)w 0% 8,9 “’,‘).3“ Jlégui Oladsd  LLA

D ¥ (SN ) -
Zi'il(QSvi _Qs,i) ZiNzl(QmJ _Qm,i)

>l -, f

ZiNzl[Qm,i _Q_m]2

03 (&S o5lul yolie 5Sile Qu codd sipr sy y2olie Qs 0l (¢ ,:S0318) ys0lie Qm cadiges S 3ass N o oy ! 5

2ole JolS 53l 5S5lo Ve cawl ke ) =00 INS asli jlaie .aib o ,a5 5j90 yuite 55 Dyl polie pS5ke Qs g
0§ 555 s bawgie <10 b yho  cienss Jho ohlS jao ] 1S NS yslie (gl sl 008 (655058l olie ol 30l
Ol @dSSlu— i (e ls 5l iegh opl 45 cwsl S5 4 3 (Quinton, 1997; Moore et al., 2007) 54 salgs  isucols,

NS =1-

(v das

9519) Llalo ) sy W dwlxe oa &l 9 0L d).,fo)".\}] 913‘9) LSl ) U»L.ol » 9> FLERWS S IRV @U
kel Condy yobaads oKl aS aislb o (Y VY B Yo A) b & Sloj 5L G 4 bgyyo o (S0l

Jo (Piwly
J3dle s SaS a4 Jho oriwly .cd)S pbsl o]l oolil b Jae  oxiwly wlas (gla el )b jaseis g cawlus 2JUT plos! 51 e
ploul SlS gl S g0 4 ol 3JUT g,y ol > (Abbaspour, 2015) ¢é,5 <90 SUFI-2 42,63l  SWAT CUP
Do o 48,5 a3 1> bl Jb dxe 0 (S5ud Ha I A ccuslad pas | glaield (6099 ol )l s (gl lnl &S G ygo pds 25 o
g0 g 3l Cabad pas gloaials 3 (63955 (sl yial)ly Sl (Balai (g palie (Y o gy Wisal ) 3l ookl b g
Oyl il Hoye8 0 Caxlad pas I glaiols | 55 2 o aS Dgd 0 Cel layial )l Cpl il edlainl b Jae 8)L cpais lysl
P A old (505l el sdeopd uwslales | glaialy (gl (JUKw ) saly Cles SO b Jao (hey opl 0,500
Auild Jy8 (0 (gilwdad juxie (2e30 ®je )0 Juopd AV/D U Lo yd Y/D () 0ddd (gilwdund o duopd A0 Cualald pac dlold
Comd (pomad Do oo BN pb & Jao bawgi Cualad pae 1 jlade as oS e o LS HeS1 pl g o 0a00l HeiSE P il
Ol 1y (oriwly 2055 aS g 0 0duol eSB R (glosalice (slaodly jlxe CBlyoul 4y duoyd A0 Cualal pac Wil bawgio Caolus
xS 03lul cloodls dod aS comuidy Do o Eopd (£39y5 sl yelly I (glod S Aol b sewly lanl SUFI-2 gy 5> waad o0
Aol bl 30,8 5005 o 4 Y] sy R g Ver a4 eV o e P aS W o cants Sy Joly oy 3,5
! Abbaspour et al. (2015) jshaio pdy G aSuiie ln.e; 3,5 Jo8 B8 Jao zols U asl wb jass bajiel)l ol polds
o5 el S 1)) 3] 5SS 9B R i e 1 150 (5 Shae Jad B 55,556 R (sl |y st 5 555
.(Rostamian et al., 2008) sl> o Jo

&S Sjgopds i edlanel Rostamian et al. (2008) yss, alie gy 5l SWAT Juo oxiwly (gl Gimghs opl 0o
41>)A d’l o XV é-’l-’ W u.’>w‘9 «,Jljls) Slale & u»l.wl » LQ(J J.\a J91 :\l>).a 2 uﬂ)f O g0 4.1>).o 99y J.\p ng
d.l>/po L)" » JJJ; W‘g S L: gbl” 9 gy Llalo & wL»‘ ).gi.).)qgo J.Lo £9d :\bfo JRRENIY (Y :\Jﬁl;w) uuli;hu —L)u.: w),w
Dy pj Cype 4 S @b

G =w,NS, +w,NS (v

09 W> 9 W1 9 gy (2 u»twl 2 u)..SJL» _L)"‘J ua.‘>L» NSs “7’13‘9) =R u,ul.wl 5 uL.S.,L.u _L)"" ua.‘>L.u NSQ Lj 5 s
A 0,Lil 3o pi oS jeblen wanles] uib )y 87 g aedls sl N ol 45 48 395 o dulie 1/082 dail, 5l 45 Canla jadls oyl
e ol Jol Jlo ¥ slaodly 51 a8 w5l vty yobaads oS! 5| (YWBYeeA) dlw s Sbj %jb. S5 )0 gy g Sllgy (slaosly
A odlawl Jae i )lzel (lp ol BT Jlo ¥ Jae il



£ER . sl oolitwl b ogay 9 Ul ()liee (g 5lwdunsd 10,0 g olgs (yusl (g3 — (oole)

o g b
g jlsdansd () 53 sl 005 0313 Lt s baials o8] 15 G § bl (5lotenss (gl SWAT o j1 Lol goolss (¥) US55
Uy, 5l Josd L8 5,505 SWAT o 35 o i Mo a5 Sy sk . ilodol Cansy (poaiions) Jitwo yokoy SWAT o (sla ol s
ANS</0) 55,13 Jawgio d 13 5 yieS Gllgy 4 Camd gy Hb jlake i (sl o] €83 Lol (NS> /) canl 031> cowy
gm 9 Dllay (ilodend ) Joo LS loj SIS L g 39500 35510 o (Bly e 51 528 Dbl Jude zol (slagiloj )3 ien
b ol

ol B3g) 5l Ol G pan 4 bgyye SleMbl pae 55 5 Ll 5590 3 OleMbl 345 5 Slallas adhaio 1> Ul cladedis 3434
Gilwdad 3 Jde cans hY5 500 3l ogday iy ol slayb s (gilwdend > Jde caxs (LYY Gl g o |y ddlais
dllas ) 25,8 o)Ll gLl 5 035z sy 5> ol JUl ) Jue Glas b 5 By 09D (3, Gilwand 0 & Gl Uy,
PB Jse ol a8 ol s sl ye 53 jusol dsgs 6 > SWAT Jae (6,5, L ;5 Shirmohammadi et al. (2008) golie
bl (Simlanl oadigjlodend by )90 3 3 B @y 093 9 WS ilwdnd Jlos lhgd Sl l) (Kidsrien baulpd Cuns
ISl sims o Lt 363 5l e o5 alio 359050 )3 (himd 3 Slas o] Adgs (il (sloJue (S By 1S o
o5 el b (SHb @by 3 (rawp; b s Clly) o ez Jeld g (iludnd )3 laJre 55 cpl laggiluosle 4 g o0
Sled 9,8 laasgs ;5 sbleuiay jool asgs dulllas ,> Rostamian (2006) (ywises .(Hantush & Kalin, 2005) cdls
Jo Sl oy 5 (53,55 (s3ltend g dbele | (51 53 by (s5lotend 55 SWAT o inss Jle 51 45 ol i 35
Al o aeolisS  wlidlgn ol g glusl g 0355 by > by JGsl s

Cazlad pae 1 il cuwl (Koo Jdo Cualad pas 1 0gMe Glilgy 4 Cond gy (gilwand ;0 SWAT Juo g8 oK
Glre )b addllae 390 ol )3 b Al judy o Heblen 15 Wil 58 Qllg) & Cod oguy 8D (S o3Il slaodly jud
o S Glgicen gronlil A 03] (eSS Blae Sl o> B (lota 35 st Jb (ned A 03] (eSS W29y (23 5l (U lgies
Deds a3 g8 gadge Cpl A Ll bodly pl b e jl ool cundy ol duslde (0 10 5 5l 1) Glilgy (cbaodly B> Cgw) Hb (sboodls

T T T T T T T
> — Observed
—8F R"=0.66 Predicted
i NS=0.63
™
Eol g
[0)
=
c 4 =
=
(3]
R2]
- >&L M M y
0 1 j
6 12 18 24 30 36 42 48 54 60 66 72
<1500 F T T T T T T T T T T T a
£ —Observed
5 R?=0.42 Predicted
= NS=0.30
E 1000 -
ko]
@
o
|
—= 500
=
@
3 AT\ ,Ao/\L
=,
o]
2 0
6 12 18 24 30 36 42 48 54 60 66 72

Month from March 2008
sbadds o] 13 SWAT Juo Jawrgs i (sl § ud (6 p5 031051 Cguwy 9 olilgy Aildle palde Y S

Al 5l b g sl Bgpme Jho o )5 4 (Y Cowy 9 Sllgy (gilwdd o loj cusdS L SWAT Juo cd> inlsél
O 9 93,5 0 5S35 395 (Bly polie & Cul i 5)50 sam Sl loj 1 (gilwdnd sl oS adgl klyd (lej cuBSTL oS
O pyS sl Sloj 8yed S abl Ly > (B cleodld axilis oS 00,5 o dlpiuiig g0l 3D o ]38l Jae cd Lyl



(u.wks).!— @J&) V€Y 2,5 b)w ©F 8,93 ¢yl ) Jbgui Oldsy L0«

Do 48,5 a5 Jue

SME] o w2 (6503 e Glaghy cpl )d )y (HBly (lod (ilwand )5 Jao 2 & placinsdbds p ogMe S ok
i ase gl 3 wlidlon colSinl (b adly 4 ol bl aloxsl il s gloanlito yolio b Juo (slogjlodsd
35 s s g dilato 39 SliadsS 4y dr g 0,8 )Ll (saudygs Gl g 2 et pus oamd S iy b (650l
019 (92 0658 ) 2 ogdle I3l oo Jta orlBl (5399 (slayiel )y kil pae e (] A Cpf 4 35 Sl g2 ool
il e Cde e (g0 (ol dlaxi g g olSiius] ST 4Ll

p3le J3g05 ol 55 blens o3y lis wilale ke wlide > SWAT Jao (sla gl 5l ool cawss guls () JSb 5
b g sS0)ll 5,90 Jsbo )3 olo (] 13 0ad (gilustensd b 0nd (5550510l ogus) 5 bl dlio (Silis jlole y2 )3 gy g Uy,
Gl ob wlale Lobis 4 Cuns obde ol > SWAT e s 39 dlinde 45 pshs lotel oty (o £) (63l
Slyr g IV 4[5V 5l Gy, (sl SOl 15 el 455k sl 4Bl ]33 gy (ilwdnnd Sl o g Sy, (silodred
Jo @l g (Sealigl) Jloisl conle godge cnl conl 4l i3l +/0F J58 LB jlade 4 + /Y lawgio Jlade | g,
by sl 5055 aBly polio 4 3L sla)S5 )3 SWAT o j1 Jols zuls & Line oy djloise olles sids, 4 |, SWAT
TOISON Jlta lains lodd Ui liS 3 (650 cpmbine Lowsf golis o) ol yioS Inolai) (S5 (sl SWAT e o 1503 ol
hb bolad ) O gilwans ol SWAT Juo &S wiles 7 5135 Peterson & Hamlet (1998) 5 & Shoemaker (2004)

B edS okd (6,803l ke 31 1S 1) mlBy ST Ysans g sl o0t

3 T T =]
Observed
2ER Predicted
‘n
@ —
£ 2
[0}
12
2
o1 =
L
o ‘___/
0 ]
10 11 12
< T T T T
= Observed
5 Predicted |
1S
(=
ie]
= ]
I}
o
=
= -
)
£
°
°’ 1 1 1 1 L 1 7
(2]
1 2 3 4 5 6 7 8 9 10 1 12

Month from January

rliaigs ol )3 Al (ke (Sloj (wliie )3 SWAT Juto b ol (il 9 0 (& 50511 Dgawy 9 Ul adlie £ JSUS

slooaly asg 3 by Sl il isd 3yl el yskay o slajially & cad G Jao S el Lol by o s> o
Sigh cpl p b Ll em 5L 1 e <85 g 03,8 oxiwly bl SeS 4 |y SWAT Jse lgs oo il o yiwd )3 (6 yk0g,dud
3T (gl oad bl el YV oo 5188 plonl cudls gl o s |) sl oyt o 48 ol piol b ol o Je il
S gl s Aol ol s 20l 0 (gl 0 el gl lyets Aol (V) gz 5 22 ol 2ol A s Cnd Jo il
5 Ulsy sly SWAT Juo (31 Jls ¥) (s liiel 35 5 (Jgl Jlo ¥) iy 51 Jiolo s (8) IS5 5 sl 0 0391 2ty |
5 bl (ol e R jolie 34 o0 dlasMo a5 jgkas ] 0 03> U5 pwbadds oK 1 odel Cawdy (slmodls bl Cgas,
I s g SUlgy sl w03 #1 5l jin )9S P olyen o g990 (nl Adlioo N 5l 328" S (rtaoliiel g (oxily e )3 g
llocpl 3 5503 ilo 31 il gn gy sy o g B 5 Sl (elyr Jo g omtliel 5 oy Sl gy (sl o ¥
] iwyliel g uiwly Jolhe )3 a3 Ve 5l Lo NS g R? Ggllae polie (gl)ls 593 (pads oy yiae y3 oo



£0) ... jloaliil b rgmy 5 Uy, (hfime (g 3Lwrdnnd 101K g 0155 (el (g3 — ole)
Zowly 513 SWAT Juo baws Bl (639,59 (W yelyb Y Jgus
2l ald adgl aold i el

=I\A AN —-I¥ -I¥ O osby bulys o omie oyl r_CN2.mgt
—].5 o[-0 —I¥ -/f SK gl jogase py> r_SOL_DB.sol
/N YA —-/0 .10 odlizul B o cud s r_SOL_AWC.sol
I¥. -5V —+/A /A SBglasl (Sdgyin colin r_SOL_K .sol
\EZAL FV/0Y \. Vb~ o Job Lawgio v_SLSUBBSN.hru
Y\ ¥ -0 ) Gy s sled v_SFTMP.bsn
YRy o -0 0 Gy ogd b cled v_SMTMP.bsn
-[-5 AR — /¥ -/f USLE dbles )3 S 6y Linlu,d 5518 v_USLE_K.sol

20 Felyly ladie a5 Cawlize (au T 9 35050 (1 350l Wi Hlode SO U (Zuwly 0 5 olyl Adgl Hladie a5 cawlize (g v ™

|
[ 95PPU

T
1
= 1 =
:10 P.factor—_()_ag : P-factor:0.63 Obsaried "
o R-factor=0.76 Calibration ; R-factor=0.98 Best estimation
£ 8 R2=0.78 | R%=0.84 =
‘m’ 6 NS=0.77 : NS=0.75
2 | Validation
@
£ 4 !
Q |
o 2 |
0
6 12 18 24 30 36 42 48 54 66 72
T T T T T T T T p— T
95PPU
1500 |- P-factor =0.42 P-factor =0.46 Obgarad B
R-factor=0.66 Calibration | R-factor=0.65 Best estimation

R?=0.76

1000 NS=0.75

o
o
o

Sediment Load (ton month‘1)

o

6 12 18 24 30 36 42 48 54
Month from March 2008

Cgwy 9 ub‘” d'f SWAT Jae ‘_;w)w&‘s f&w‘s )| Jols alﬁb .0 JS.M:

Sediment Load (tonm onth“)

- 70.67

225

Discharge (m® s)

0.289

- 0.002
Wogn BB (Sraden 5 50 D 9 SUlg) (29 B (ke 1 JSUS

66 72

Gllgy Sl bawgio (05 a3 0 Ui ades i sbbasssni 3 1) Cowy g Sllsy (25 W (:SSLe () U

3..09>)J) ol ).uu.n olo 2 ‘JJV'/;'V G Y/vo O ub’w) :\JUL» hﬁﬂ?:ﬁ w9 M\.’ 2 u.xgn).us YN G o/ o LQM?)J)

o) 3 459 3b5 e 5 8L el (e Als (sl (g DUy 5 gy e i S A 28 gz )3 ol
ool adge 3blio plo | ey 35 Gblie (pl )3 a0 bawgie ol Blg )3 113l Adg>



(‘:\Msf— @J&) V&Y D‘b)ﬁ & b)w 14 8,9 ‘&b.:‘ Jlégui oludss  LoY

S 5 Ao
3y Ui el oty gulis b (oo SWAT Jao 5l odlatul b Uigls s jusol o> 15 Gguy 9 by, line Lidgh ol 5
b ) 5 Sy (iloand ly Jod BB 1S 51 Jae 250 3505 Jitws &jpmy Jibo clojiol)ly &8 Syp0 3 > &
2 Jre bl ogMa b ial38l 5590 93 ya 3, QT 2hl Jie (omwly (Jb ol bl jIye8 5 owy silwand slp 20>
Silwdad 5 Jo Gins LY g albale b 5l yiiy dlale 5, Sle obie 5 o IS 5 g ) e Gl (giloans
b ol 835 L g (ime s ol (glooyhun I Gl ety 3550 0 SleMbl s b g By gd (3,55 (gilwdnd Cgd 4 (g0 Ul
Sk Cuzbad pae dy e o Jde Cuslad pae pogMe |y Gllsy a4y Cund Gow)y (gilwand 1> Jdo S oL cpiren 23,5 oLl
CablB I SWAT Juo o8 ol lis g cpl 5l Juols zols IS jalay by cuns Cllgy 4y s gy 84 (6,5 65l glaodls

ol J13y55 52 adlllan 3)90 49> )3 9wy 9 Sllg) Cupte )3 (6 S wrenad Sl 25>
3,18 3929 (B Mg (e @l 2l digS "

&bw

smas s 993 )1 e sosly )1 odlawl b do")l U9 9 d).g)lf AL dund (WYAY) ouw folgd ol ¢ Je dazmo € 50500
M NWY o B ojlas FR 090 o/ SB 5 o i dlxo ¢ guns

REFERENCES

Abbaspour, K. C. (2015). SWAT-CUP: SWAT Calibration and Uncertainty Programs- A User Manual.
EAWAG. Swiss.

Abbaspour, K. C., Rouholahnejad, E., Vaghefi, S., Srinivasan, R., Yang, H. and Klgve, B. (2015). A
continental-scale hydrology and water quality model for Europe: Calibration and uncertainty of a high-
resolution large-scale SWAT model. Journal of Hydrology, 524, 733-752.

Abbaspour, K. C., Yang, J., Maximov, 1., Siber, R., Bogner, K., Mieleitner, J., Zobrist, J., Srinivasan, R. and
Reichert, P. (2007). Modelling of hydrology and water quality in the pre-alpine/alpine Thur watershed
using SWAT. Journal of Hydrology. 333, 413-430.

Ahl, R. S., Woods, S. W. and Zuuring, H. R. (2008). Hydrologic calibration and validation of SWAT in a
snow-dominated Rocky Mountain watershed, Montana, USA. Journal of the American Water Resources
Association, 44(6), 1411-1430.

Ahmadi llkhchi, A., Hajabbassi, M. A. and Jalalian, A. (2003) Effects of converting range to dry-farming land
on runoff and soil loss and quality in Dorahan, Chaharmahal and Bakhtiari Province. Journal of Science
and Technology of Agriculture and Natural Resources, 6(4),103-114.

Aminkhah, S. (2017). Simulation of runoff and sediment yield using SWAT in Gawshan dam watershed. MSc.
thesis, University of Kurdistan, Sanandaj.

Arabi, M., Govindaraju, R. S., Engel, B. and Hantush, M. (2007). Multiobjective sensitivity analysis of
sediment and nitrogen processes with a watershed model. Water Resources Research, 43(6), 1-11.

Bagnold, R. A. (1977). Bed load transport in natural rivers. Water Resources Research, 13, 303-312.

Behera, S. and Panda, R. K. (2006). Evaluation of management alternatives for an agricultural watershed in a
sub-humid subtropical region using a physical process based model. Agriculture, Ecosystems and
Environment, 113(1-4), 62-72.

Blake, G. R. and Hartge K. H. (1986). Particle density. In A. Klute (Ed.), Methods of soil analysis. Part 2. 2™
ed. Agronomy Monograph. 9. (pp. 377-381). ASA and SSSA, Madison, WI.

Borrelli, P., Alewell, C., Alvarez, P., Anache, J. A. A., Baartman, J., Ballabio, C., Bezak, N., Biddoccu, M.,
Cerda, A., Chalise, D., Chen, S., Chen, W., De Girolamo, A. M., Gessesse, G. D., Deumlich, D., Diodato,
N., Efthimiou, N., Erpul, G., Fiener, P., . . . Panagos, P. (2021). Soil erosion modelling: A global review
and statistical analysis. Science of the Total Environment, 780, 146494-146512.

Dregne, H. E. (1992). Erosion and soil productivity in Asia. Journal of Soil and Water Conservation, 47, 8—
13.

FAO, UNDP and UNEP (1994) Land degradation in south Asia: its severity, causes and effects upon the
people. World Soil Resources Report no. 78, FAO, Rome.

Fohrer, N., Haverkamp, S., Eckhardt, K. and Frede, H. G. (2001). Hydrologic response to land use changes on


https://www.sciencedirect.com/science/journal/01678809
https://www.sciencedirect.com/science/journal/01678809
https://www.sciencedirect.com/science/article/pii/S1464190901000521#!
https://www.sciencedirect.com/science/article/pii/S1464190901000521#!
https://www.sciencedirect.com/science/article/pii/S1464190901000521#!

£0Y o 3l o3l b gy 9 Sl (yljue (g5 lwanend 131,10 g 25 ol (ig3s — sole)

the catchment scale. Physics and Chemistry of the Earth, Part B: Hydrology, Oceans and Atmosphere,
26(7-8), 577-582.

Gee, G. W. and Bauder, J. W. (1986). Particle size analysis. In A. Klute (Ed.), Methods of soil analysis. Part
2. 2" ed. Agronomy Monograph. 9. (pp. 383-409). ASA and SSSA, Madison, WI.

Hantush, M. M. and Kalin, L. (2005). Uncertainty and sensitivity analysis of runoff and sediment yield in a
small agricultural watershed with kineros2. Hydrological Sciences Journal. 50(6),1151:1171.

Klute, A. and Dirksen C. (1986). Hydraulic conductivity and diffusivity: Laboratory methods. In A. Klute
(Ed.), Methods of soil analysis. Part 2. 2" ed. Agronomy Monograph. 9. (pp. 687-734). ASA and SSSA,
Madison, WI.

Mohammadi, Sh., Karimzadeh, H., and Alizadeh, M. (2018). Spatial estimation of soil erosion in Iran using
RUSLE model. Echohydrology, 5(2), 551-5609.

Mahmoodi, M. A. and Aminkhah, S. (2018). Providing land use and land cover maps using remote sensing
data and artificial neural network. Iranian Journal of Soil and Water Research, 49(5), 1171-1180. (In
Persian

Moore, A. D.,)McLaughIin, R. A., Mitasova, H. and Line, D. E. (2007). Calibrating WEPP model parameters for erosion
prediction on construction sites. Transactions of the ASABE, 50(2), 507-516.

Morgan, R. P. C. and Nearing, M. A. (2011). Handbook of erosion modelling (2th ed.). Chichester: Wiley-

Blackwell.

Neitsch, S. L., Arnold, J. G., Kiniry, J. R., Williams, J. R. and King, K.W. (2005). Soil and water assessment
tool theoretical documentation. Texas Water Resources Institute Technical Report No. 406. Texas A&M
University System, Texsas.

Panagos, P., & Katsoyiannis, A. (2019). Soil erosion modelling: The new challenges as the result of policy
developments in Europe. Environmental Research, 172, 470-474.

Peterson, J. R. and Hamlet, J. M. (1998). Hydrologic calibration of the SWAT model in a watershed containing
fragipan soils. Journal of the American Water Resources Association, 34, 531-544.

Quinton, J. N. (1997). Reducing predictive uncertainty in model simulations: A comparison of two methods
using the European Soil Erosion Model (EUROSEM). Catena, 30(2), 101-117.

Refahi, H. Gh. (2015). Water Erosion and Conservation. Tehran: University of Tehran Press.

Rhoades, J. D. and Oster J. D. (1986). Solute Content. In A. Klute (Ed.), Methods of soil analysis. Part 2. 2"
ed. Agronomy Monograph. 9. (pp. 985-1006). ASA and SSSA, Madison, WI.

Rostamian, R. (2006). Assessment of runoff and sediment in Beheshtabad watershed, Northern Karun by

SWAT 2000. M.Sc. Thesis, Isfahan University of Technology, Iran.

Rostamian, R. Jaleh, A., Afyuni, M., Mousavi, S. F., Heidarpour, M., Jalalian, A. and Abbaspour, K. C. (2008).
Application of a SWAT model for estimating runoff and sediment in two mountainous basins in central
Iran. Hydrological Sciences Journal, 53(5), 977-988.

Shirmohammadi, A., Chu, T. W. and Montas, H. J. (2008). Modeling at catchment scale and associated
uncertainties. Boreal Environment Research, 13(3), 185-193.

Tolson, B. A. and Shoemaker, C. A. (2004). Watershed modeling of the Cannonsville basin using SWAT2000:
model development, calibration and validation for the prediction of flow, sediment and phosphorus
transport to the Cannonsville Reservoir. Technical Report, School of Civil and Environmental
Engineering, Cornell University, Ithaca, New York.

Walkley, A. and Black I. A. (1934). An examination of the degtjareff method for determining soil organic
matter and a proposed modification of the chromic acid titration method. Soil Science, 37:29-38.

Williams, J. R. (1975). Sediment-yield prediction with universal equation using runoff energy factor. p. 244—
252. Proceedings of the Sediment-Yield Workshop, 40, 244-252.

Williams, J. R. (1980). SPNM, a model for predicting sediment, phosphorus, and nitrogen yields from
agricultural basins. Water Resources Bulletin, 16, 843-848.


https://naldc.nal.usda.gov/naldc/search.xhtml?start=0&authorFacet=Moore%2C+A.D.
https://naldc.nal.usda.gov/naldc/search.xhtml?start=0&authorFacet=McLaughlin%2C+R.A.
https://naldc.nal.usda.gov/naldc/search.xhtml?start=0&authorFacet=Mitasova%2C+H.
https://naldc.nal.usda.gov/naldc/search.xhtml?start=0&authorFacet=Line%2C+D.E.

(‘:\Msf— @J&) V&Y D‘b)ﬁ & b)w 14 8,9 ‘&b.:‘ Jlégui oludsy  £0€

Simulation of runoff and sediment yield using SWAT in Gawshan dam
watershed

EXTENDED ABSTRACT

Introduction

Soil erosion by water is a global threat to the environment that negatively affects soil and water quality. Soil
erosion modeling is a promising method to simulate soil erosion to identify sediment source areas and to
evaluate soil conservation measures. The objective of this study was to use the Soil and Water Assessment
Tool (SWAT) to model runoff and sediment in Gawshan dam watershed in west of Iran.

Materials and Methods

The input data required to implement the SWAT include digital elevation map (DEM), soil map, land
use/land cover map and climate data. DEM was used to delineate the watershed boundary, divide it into
different sub-basins, and prepare slope and flow network maps. It had a resolution of 30 meters which obtained
from the United States Geographic Survey. Soil map was prepared from land survey and Landsat ETM remote
sensing data. The soil physical and chemical parameters required to run SWAT were measured in the different
soil units, and its spatial distribution was coincident with the soil unit boundaries. The climatic data obtained
from a period of 11 years, from January 1, 2005 to the end of December 2015, from the stations of Bavale,
Ravansar, Songhor, Qurveh, Sanandaj, Kermanshah, Kangavar and Kamyaran were used. The two different
approaches for estimating the model parameters have been used. In the forward deterministic approach model,
parameters were independently derived from digital elevation model (DEM), soil and land use maps and
climate data, whereas in the inverse stochastic approach model, calibration were performed by sensitive model
parameters using Sequential Uncertainty Fitting (SUFI-2), which is one of the programs interfaced with
SWAT, in the package SWAT-CUP (SWAT Calibration Uncertainty Programs). Model performance was
evaluated using the coefficient of determination (R?) and Nash-Sutcliff efficiency (NS) in the forward approach
and P and R factor in the inverse approach.

Results and Discussion

Results showed that in the first approach, based on monthly data (2008-2013), the model performance
was satisfactory for runoff (R?=0.66; NS=0.63) and fair for sediment (R?=0.42; NS=0.3). However, model
prediction improved for both runoff (R?=0.94; NS=0.83) and sediment (R?=0.61; NS=0.53) when they were
averaged on the monthly basis. Calibration of the model parameters improved its performance for runoff (P
factor>0.6; R factor<1) and sediment (P factor>0.4; R factor <1). One of the reasons of the model weakness
in simulating runoff is its uncertainty in simulating snow melting or the lack of information about water
withdrawal from aquifers in the study area. Also, the lower efficiency of the model in simulating the sediment
compared to the runoff can be attributed to the greater uncertainty of the measured data of the sediment
compared to the runoff. Overall, these results demonstrated that the SWAT has the potential as a decision-
making tool in the Gawshan dam watershed management.

Keywords: SWAT, Runoff, Sediment, Gawshan.



