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ABSTRACT

Watershed management strategies can be considered in mitigating water pollution issues. In this study, using
SWAT as a semi-distributive hydrological model, runoff and nitrate amounts have been investigated according
to management scenarios in Hashtgerd plain, Iran. After runoff simulation, three hydrometric stations were
used for calibration in the period (1990-2013) and validation in the period (2014-2018). The results of R? and
NS statistical indices (greater than 0.6) show that the simulation results in this catchment have been done with
good accuracy. The results also indicate that applying the first scenario (changing the crop pattern) and the
second scenario (increasing irrigation efficiency) reduced the water usage in the agricultural sector from 85.3
MCM to 59.8 MCM in the present condition, which also will improve the fertilizing efficiency. It was
demonstrated that changing the crop pattern can help reduce the deep percolation. On the other hand, using drip
irrigation, the leaching requirement, and irrigation water loss will be reduced. Comparing the amounts of
observed nitrate in the hydrometric station in the base period with the simulation results in the first scenario
revealed that, by applying the first scenario, the amount of nitrate simulated has relatively a decreasing trend
except in winter and early spring. The results of the second scenario show that by changing the irrigation
method, the amount of nitrate leaching has decreased significantly compared to the base period. In general, the
second scenario is more effective in reducing nitrate leaching and is recommended.
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' V=Mean the existing parameter value is to be replaced by a given value.
" R=Mean the existing parameter value is multiplied by (\+ a given value).



(b — oole) 1Foe oty M 0 o DY 098 oyl pl S5 g OF Wlidizs YVIS

ol 5o Ul ois) vgeS adbs o 1) Jowo slagg,9 ,o cdd polie g 63,90 polie JalS Ll pas 5l il coabkadaae |
as Gliee Sole g @b o e Jds wli asg> ol ase> pl 30 (oilwad cuS g e w5yle | Slaslie

o) (o

7

(e ma) o0

il Sy gl ol Caxbd o aSl @ az g b Sy sl aidpdy plowl s Bs L
45 Ceal o5 L slocsgy9 b wliile 555 Joo S SWAT

A

S\ Chasreed

_/*.:?cmm,
calibration Validation

— f —

10 b= x - w ® n L © we " we m - [ l‘l m we 1% 200 E=1J
(ommiobzel 5 (et s 0,83 (5ly: ale Slass )

o yliicl g (xiawlg 0590 (b wid o] Slaalive g ool (5 5lwand Sloj g -V SO
ey

Cwered
/N Bet catrein |

| calibration § Validation

1 “.u l L‘\J ! LAV ARYT 1. m

0 £ 0 m oW = o T @

(jr.._ail._h.c’ 3 oy 0480 (5lys alA .)l..\.v.y)

—
|

oyl g iawlg 098 (b Aroguo 00 oLl (Flaaliv g ool g ilwanls Sloj 5w —F JSB

A
N\ Overved
SN

calibration Validation

180 m 12 12

(e lzel 5 (mislg 0580 (sl ole dluss)

(T bkl g ooinly 6590 (b LT pani ollimy | (lasline g oud (5 jlwdunds Siloj 5 pw -0 S



TVIY Lol cdale g by Ol pads 205, o], g glodlwl 815 e o6

(g3 — ole)

Zlg 0590 33 Sl (g 5lwdmd i -0 Jgaz

Yo F-Y A o el 14907 Y ol
MSE R-Factor P-Factor NS R? oKy MSE R-Factor P-Factor NS R? ol&y!
AA +IN¥ “IYA /7Y Qi) aid 71t </aY <7 AN < IAY and
A AAl AN AA <IYA dsog0 WA <170 <100 < IA\ «IAY drsg0
\(l2 -IvY -IV¥ SVY e ol oo Y2 “IAA -1 - 1OA -V NN pes

welasl ol cuiS 4y Lol as )0 YO sgas (golpainy s
Gl b aril oo 92 g paiS ailias) slacesS logas a5 sl
s e ymalS 5 0, Kiie Sl 0dgate [0 (5905l ()
L RV oli.......u‘ 5o ol w ul.»‘ﬁ) )‘JM ‘gsﬁ.'a...u u—l @L».A )|
b oiorad Cowl a8l 2ol38l Jlo o ao )0 YA S0k (5b
Sl abe 5l ey ol il Gosy el syl 12!
ol 5o (b 0,90 Cod 4 (gao,0 YV iuli8l) (6 iy
5 s Sl 0ol Sl fad )5 o 4 GLiS (5 ey 000
C)Lo‘ 9 ALY ‘55_@‘ C)La‘ ‘_gLas%)Lz.w 45‘)-'." C"L" @L:))\
5 drogeo 03 3 0dd Zud Dby, bl b 5 gLl leadl,
Ol axzd oK) siled (z 5 o =7 JSK) ols ylis oLl o2
5 a8l 2alS eogame CawoVWl jo e Ol mlie 5l cils
Pa> & (S g et olliusl )o sad cud DUl LS
| s M5 Gl e b bl 5 ey b 551 50
oSl s b o oo lis Jow (ST jeb ay .l anils of pan 4y
0,8 5 LTl B,b 5l S SeS has d9i5 ralS @ g o
.osﬁwwfgigé))ijBM@ngsl

e g )l Lo Ol il Ol pudil (o 2

Sfdes 2ol U abeed 355 Srae Gl e
cely 055 5l oolaiul cawlin loj a5 (slaseSay o)l Jaame
B rae Gloasly uulidl (dse slge wlali ralS w3l yol5dl
D9 g0 Ceny Laomo 4y sy sl 1 (6525 sl 5 (gdie ol
Cawyob 5oy 5o oleonds sloogS 51 oolaiul (Russo,1991)
9355 3y e (IS jsbar b 58 o 5l Sl Sl (Sees
Gl il lo alite (a5 Blge Gliee g Cond @ A,
30wl 5l ol asas Sy ;o olS 5L 0 50 e olge as]
Ol ols plosil calice (Lo o 1) (20055 Wl callily o s
Slge Dd o8l Lawgs 955 5l eslinal sl oy silwante
Gdse oole 2 ¢ Jpazmo ;& glp D9l o Cyuts ol (gdse
S by adgl al> e 3 (S by o)ls (Selatie G 595l
3 Silior i ey 5 O35 @ Cad jhed 4 GlalS
L Ol o Omb 98, alose slesl po 5ls cnl a5 550

N

Xy gy sl

K0 g sl 3l cod Gl (S e
drwgi ol eddy saxe sl LSz 5 ol mle Cudgaome
SIS g, bl 55,55 85l s el 8 sblio
o g 0 axlas ol mlio Gal Codgase b o Slie s
st 5B iyl it Pl 5 ] s 3y
Sl & i b iz iy ol ] 4 501, 3 )
S3y3lS g Cris v b leo (5l (6,5 0 40 (Lol oS5
ol oY 5y ol ddlign ity 3, Sita s i
oy el 5 caS Gl Dol fgzmen (b pse Sl
Candy S a2 0 (55,9t Gleaily SRl sl L]
2L 055 S azg 0,50 (Sl (e 20 5 (55 )5laS
528 5 )y oS gy 4 LW )b odgusme ;5 097 ge (o515
Chgy 4 Lan g latiy 5 (97 Dot Baes o3gaome Ll 4
i 3 cillasd (ISl 5250 a5 (555 i e ol (5,5
Slml WM rizren 5 DLl phw 4 axg L) o>y LB
SBLS 5 Srae n (LS Ll Bis b ogry (nl b S o
Gl jo (5,8 ax8 wile Wl aldS 4 Ll el a5
S b Slalllae ol a5 o Siie cabo golyiin, i
TG o s 0 plol 135 S 5 o Blaas wiigs
Olely Gl b frizmen il oo GRS (65,5liS i o
bohs ol 5 Sk LS)L.’:'J ooy b sl 2l sl LS)L?J.T
g a8l =35l VOA 4 09250 mog LY 5l il g g8 aSl
&9 1¥0 5l sl olad )lal by, b ol sl a3 li ol
S Slag sl Jlael b ooylo ioli8l ol 7Y a4 59290
i 55 ol G pae e o] Gledil, Ll g cusS s3I
DA 4y 35290 gdg ;5 S o geles ADIY 51 (55 ,5L28
U5, el ol al o5 il sl EAlS e e ke
ool b Sl polie annlie ol walgs 505 20055 leail,
SUly, oads (ilwared polie b agly 0y90 55 wiid ol o
Ol (g () -7 JS8) S o8l ol gyl 5o
o] 13 00 b bl olmo 52yl ! Jlae s a5 a0 s
Olimey Jad 315l 10 (ogas 4 il 0,90 Comd a4y (509 )00
Ul o) sl 42805 slars BB il g o bl
Sl )0 rizmen 5 39790 @29 )3 adlate S (o8l &S


https://www.mbkchemical.com/%DA%AF%DB%8C%D8%A7%D9%87%D8%A7%D9%86-%D8%A8%D9%87-%DA%86%D9%87-%D8%B9%D9%86%D8%A7%D8%B5%D8%B1%DB%8C-%D8%A7%D8%AD%D8%AA%DB%8C%D8%A7%D8%AC-%D8%AF%D8%A7%D8%B1%D9%86%D8%AF-%D8%9F%DA%A9%D9%85%D8%A8%D9%88/

(b — ooke) 1Foe oty M 0 o DY 098 oyl pl S5 g OF Wlidizs YYIA

Je I
-

-

.9

F

'IIII ||I||I|||II||I
mar mav E

jun  jul aug

(ua"}l—:—'“ "-‘Lﬂ)
Wil 0j90 Jolapslie Mgy gle
all

T
., B
h
%\ )
'_ii
3o |

'IIII IIII-I--IIII.I

jan feb mar may jun ] aug  sep nov dec
(‘_.F.}‘}L_\.a nL:u)
ool oy Jol slis Mpga gl
-

f

Yo

T
iﬁ ¥
1 v
ERY
ii
A

L)
...|I‘|‘||II|||....II”uI

aug sep oct nov dec

jan feb mar may
(;3'331—:" "-‘Lﬂ)
W4l 0590 Jolplies Mags ople
&

s Uio (0 «(pg0 923Lm) 55kl gy el g (Jgl 92,bw) CitS' (5981 22l (sLogs Uw 9 40 0593 3 diuied olliumn| Sl 2 3lio dunn Lo (A1 & S
20U duns lio (Z (p90 32 3Lw) )l (509 3ol 5 (! 32 )buw) S 5981 3ol (glags sl 9 sly 090 10 (10,5 droguo 03 olSiiuwsf il y 1 0lio
(93 92 56w) 5Ll gy 2ol g (gl g2 3lw) oS’ (5951 £2lol (glogs L g 43l 095 38 ST e ol | S Llg,

LT 6395 5L 5 aa) s os @ 4zl b Gl (LS o lol OF Gl il o Sl Sl gl (e

@w’l Ol egas o it Slllae cul oglas Slp a8 ail oo oo @ 00l 03ld 065 ol g d)l.*.-fi 99,



T Lol cdale g by Ol pads 205, ol g glodlwl 815 e o9

4 el adls L2alS gy, e Jad Rlgl g L) Jab
3 el 5 o )d YO Sgzge ciS (o981 yo a5 LIS ()l
@ ool as 0 YA sgus (ouds Zal) (golpainn ciS (56Xl
il oo il GlociiS logas a5 (52 ¢ paud) CDe S
G D31 085 Bras Gl ek A G 0l ooly olas
Jad o ol polie (giluancd Joo jo 5 ail a8l
Oeizred g on 00ld L asly 0,90 51 3YL (gogu U L)
9 Bpae LS cuis Bdo L oals ol eSS o
30 (N8 a8 auile aiyle S 4 Jlanl el a5 SlelS
ol ls g 00,8 oy rals 55 &l 065 5l solaiul )l Juad
ools ;las (May-July) slacle jo (V) UKo j0 085 4 poss
Ob9y b Con Ol sedl lade aS Lxl gl el sak
aS ol HLis gl g lal g, 2dhal g5l jo ail oo (5L
a slanty 5 657 5 9,8 w6l oS 5okl ey e b
Jlo Jsb oolas 5 S5 gl olseo 0,8 5 L 5 e
ally o Sais mals (Y=Y A) Gl oy00 40 Cond
P9, el sl a5 Cenl (nl dge 095 Cllas (pl a5 e
ol 1als 5o ctS oS0l 3ol (5 )l Cond 4 5]

bl s cSie gl g adls yin (6,85 51 ol s

A
5
M,
L=
= f
4
¥

B (ol s bl pyo copln

(SS9 — ooke)

Abbasi 45" el sas plosl g Lol Calises sla g, ,o &l s
Ol ee Sgial cwyp 4 aS Ay o etal, (2017)
053,5 ls wiols plosl &3 (gl amygm o b-osS Lyl co
ProGee ;0 6085 i ey Ver o hee sl lie oS
Gheisari et al., (2007) .oil oo 2o, Vo 090 (5 %0 olw
oS Gt sl o Sl astel Qi pogas o (i
055 0,5 sbS V0 Lols i Lyl Bason gl adsls ploul )3
e el el b Jul5 ol Ll yo 1S ) 59
Syl ao 0 ¥ ogas yie Jilw £ Gas 0 0ad ggdol Ol s
Gl (hy) 58 4 4z b slolad (s)lal Ghgy po el o
9l Oliee 510,k s ol e 4 395 5255 eimen
Oy Bl omsz Sl polie I 1 ) Galys Jho 4 ol i
Lal s 55 5,58 slacalled 3 b sl ol mlie 4 Sl g
b a5 el slace e Jlasl x5 U
03 (5 yiag yaud o] o oud el &l i polie duslie
Golwdnds polae L (Y- VY=Y YA) ol 0,90 j0 10,5 dengo
@ & (V S50 eS8 ol g5l
Ol Jlesl b aS a0 lis

30 Sl s ends

‘S)LM)M A_J‘).A.».’ u‘).».o 9.’)
30 32 4l 0,90 Gl A (5 g 00 o]l jo 0nls

Oy

jan feb mar apr may jun
(eodmola)
(2SS L) Sl cggeyloe B(V VY=Y e VA) il 000

jul aug sep oct nov

(YAY=-YA) a0l 0598 50 4105 dxoguo 08 (5 509 yuued 0l | 50 Wil g w3l duny Lo -V ST
(P95 923Lw) S5kl gy kel 3 (sl g25Lm) cuidS (598! Mol (glogy L

gl ol 3 0y 5 azg 550 (Sogll i Shals
) Q‘ja.u 9 ".)L;‘S) é)ﬂ).g B SWAT J..\.o @l)lf Gal.u))‘
/‘.:Jl.ﬂ 3 ow CEpdy ‘nl.?dl (e e @l slogs,lw
L SWAT-CUP 53l o5 bawsi 55 Jow _ominsly el
o, S5 olaws b SUFI2 o2y 651
ol ol el Cavsas Bl slo el )b Slode o iy Coles
ool inl5dl 5 cesS oSl ks slags b Jlosl b ol

5o Ogebee ADIY 51 (5)5L88” i 50 Of Brae lade o)L

5% 9 88,5 pll Qb0

drwg ol endy saxie slo Sz 5 o plie Cosgame
olo,S ailsog; Cbl (65,5liaS a4 cwl oo caely (6 ey 3blie
Cyesd g 00 dxlge ol aulie dyads Cosgase b o Kt cubo 4
TS RB (o sl (e (D g o] o sas 23
Sleladl ol o3 55l 5hasl olans! ol e 5l Loll 5
&ly kel Gogy el g ot (ool 3ol (e (2 o
5 SiualES Camdy Sente Sox 53 ke pleily Sl



08 (6 yiog i olSiun! {0 0ud ol Ol g polae duslie gl
2 Ol ead (ilwand polie b al 0y90 10 (40,5 dxegeo
Jlael b o5 ams o olis g5 4 iS558 Dol (g5 lins
Bl cnl o ead iluand Sl Gl syl
gl g Qs b 10 52 4l 0590 o 4y (g 50g 00
] e 4 Ll 51 el axils 2alS s, e s
995 kel g2l o wBlie )lnl g, 5l Cow i
SlP o5 3 Silel Ghay i b a8 slo i ol ()L
@il Gliee oyl 5 Shb o)lol & slaxty 5 s> 5 558
S5tz Gl Al 0y50 4 Cons Lo Job (solos yo Dl
ol (5l 45 sl (] Ay 055 e (] 45 el il
s o S 558 ol gl S @ ikl b

e sl 5 A Siiy @SS s gsi]
RV

0,4l 0929 W g (e 8bw () AigS a”

REFERENCES

Abbasi, H., Delavar, M., Bigdeli, R., (2017) Defining
optimum pattern for irrigation manegemnt in
agricaultural ~ section  using  optimization-
simulation approach by SWAT model, 16"
Iranian  Hydraulic  Conference,  Ardabil,
University of Mohaghegh Ardabili. (In Farsi)

Abbaspour, K.C. (2013) SWAT-CUP 2012: SWAT
Calibration and Uncertainty Programs - A User
Manual, Swiss Federal Institute of Aquatic
Science and Technology, Switzerland.

Gheysari, M., Mirlatifi S.M., Homaee M., Asadi M.A.,
(2006), Nitrate leaching in sprinkler irrigation
system under the management of corn fertigation,
Agricultural Engineering Research journal,
29(7):101-118

Abbaspour, K.C., J. Yang, I. Maximov, R. Siber K.
Bogner, J. Mieleitner, J. Zobrist and R. Srinivasan.
(2007) Modelling hydrology and water quality in
the pre- alpine/alpine Thur watershed using
SWAT. Journal of Hydrology. 3332-4:413-430.

Arnold, J.G., Srinivasan, R., Muttiah, R.S. and
Williams, J.R., (1998) Large area hydrologic
modeling and assessment part |: model
development 1. JAWRA Journal of the American
Water Resources Association, 34(1), pp.73-89.

Bagheri, R.M., Ghaemi, Z., Khajehzadeh, A., (2018)
SWAT application in defining Nitrogen and
Phosphor load in Seymareh Dam reservoir
subbasin, 1 Conference on SWAT application in
Water Resources Management, Esfahan, Esfahan
Technical University. (In Farsi)

Bailey, R.T., Wible, T.C., Arabi, M., Records, R.M. and
Ditty, J., (2016) Assessing regional scale spatio-
temporal patterns of groundwater—surface water
interactions using a coupled SWAT-MODFLOW

(g — ooke) 1Foe ooty M 0 ko DY 098 oyl pl S g OF Wlidizs YYY-

anly> (1alS CaSe yie ek OVA 4 35250 mdg )0 CaS
Al aele> 58 2055 leaily sl el ol cpl a5 28l
l.g ¢\.|L| 0,99 4O doind olf;;......ll)o 03l w ul)‘ﬁ) )JQLQ.A C\......JLQ.A
ORAY 65i” C)Lé‘ L.SBJ)L)-A.H B uus) o Ls)l.mm )JQLQ.A
o llyy Oliee gl Gol Jloel b a5 20 00 (LiS (952
2 PraS &l 0,50 S (5 5mg ied o] )5 0ad
axtls sler s W6 Gl Jlas Jb Lyl 5 olin) S 5
SalS g0 Sie Sl 00game [0 (g9 ki (pl gl L]
50 oad cud Slily, Hlade oo Ol bl cllsy ol
Al Sl L 5o a8 YA el joloty aid ol
e B T o N B O

c).lo 00gde 4 AJL; 0599 S 4 L_s}d‘"““ u] é)L\A )l Ca.&‘bﬁ
A QLS (5 yieg aum oSl jo (i Slily, g 4l tals

a2 oo lid Jow LS jebay .l oals ol jles Jad 0 0%
L Bk 5lo,S SaS shos 395 malS 4 (lgs oo o8 s b
oS 2l 8y e 5 SB et 4 5l 6l oks (sl

model. Hydrological processes, 30(23), pp.4420-
4433.

Biareh, M., Hoseini, A., (2016) Simulation of water
quality for Karaj dam basin using SWAT model,
11%t National Seminar on Watershed Management
Science and Engineering, Yasooj University. (In
Farsi)

Batoukhteh, F., Misaghi, F. and Dehghanisanji, H.,
(2017) The evaluation of effect of increase
irrigation efficiency along with increased acreage
on the return water and underground water storage
using SWAT model, Journal of Soil and Water
Resources Conservation, 6(2), 1-13 (In Farsi)

Engebretsen, A., Vogt, R.D. and Bechmann, M., (2019)
SWAT model uncertainties and cumulative
probability for decreased phosphorus loading by
agricultural Best Management Practices. Catena,
175, pp.154-166.

Ficklin, D.L., Luo, Y. and Zhang, M., (2013) Watershed
modelling of hydrology and water quality in the

Sacramento River watershed,
California. Hydrological processes, 27(2),
pp.236-250.

Imani, S., Delavar, M. and Niksokhan, M.H., (2017)
Simulation and assessment of management
practices for reduction of nutrients discharge to the
Zrebar Lake using SWAT model. Iran-Water
Resources Research, 13(1), 69-87. (In Farsi)

Meshesha, W., Wang , J., Demelash, N. and Mclain, C.,
(2020), Groundwater Modelling Quality in the
Cold Region of the Athabasca River BasinTesfa,
journal  of  atmospheric  science, doi:
10.20944/preprints202011.0299.v1.

Qiu, Z. and Wang, L., (2014) Hydrological and water
quality assessment in a suburban watershed with


https://www.sid.ir/en/journal/JournalList.aspx?ID=18078
https://www.sid.ir/en/journal/JournalList.aspx?ID=18078
https://www.sid.ir/en/journal/JournalList.aspx?ID=4460
https://www.sid.ir/en/journal/JournalList.aspx?ID=4460

YYYY Lol cdale g by Ol s (205, 1ol g glodlwl 815 e o5

mixed land uses using the SWAT model. Journal
of Hydrologic Engineering, 19(4), pp.816-827.
Russo, M., (1991) Effects of fertilizer rate, application
timing and plant spacing on yield and nutrient
content of bell pepper, Journal of Plant Nutrition,
https://doi.org/10,1016/j.jhydrol.201.126304
Shafiei, K., Porhemmat, J., Sedghi, H. and Hosseni, M.,
(2018) Investigation the effect of land use changes
on the quantity of water resources using remote
sensing data and SWAT model (Case study:
Maroon basin-southwest of Iran). Journal of Soil
and Water Resources Conservation, 7(3), 71-87.

(g3 — ole)

(In Farsi)

Shultz, C.D., Gates, T.K. and Bailey, R.T., (2018)

Evaluating best management practices to lower
selenium and nitrate in groundwater and streams
in an irrigated river valley using a calibrated fate
and reactive transport model. Journal of
hydrology, 566, pp.299-312.

Wei, X. and Bailey, R., (2021) Evaluating nitrate and

phosphorus remediation in intensively irrigated
stream-aquifer systems using a coupled flow and
reactive transport model. Journal of Hydrology,
598, 126-304.



