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Surface irrigation models are tools for evaluating and designing surface
irrigation methods. Using it, all stages of complete irrigation can be simulated
and designed, and by changing the input factors, which are in fact design
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factors, a high-efficiency system can be achieved. The purpose of this study is
to investigate the parameters of the infiltration equation, the depth of
infiltrated water in the field, and the field evaluation parameters including
water use efficiency in the field, percentage of runoff losses, uniformity
efficiency, and deep infiltration by SIRMOD software. In this study, first, the
required data were collected from the farm located in Kaboudar Ahang plain
of Tasaran village with field measurements, then the existing models in
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SIRMOD software were evaluated and simulated which includes
hydrodynamic model, zero-inertia, and kinematic wave. The results showed
that the data estimated by the model were consistent with the advanced time
data observed in the field. The best simulation results for infiltrated volume
were predicted with an average error of 5.5%, and runoff volume was
predicted with an average error of 0.8%. In general, based on the results of
this study, the SIRMOD software has performed a good simulation of the
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furrow irrigation system.

© 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

The most common irrigation method in Iran is
surface irrigation. Most well-designed and
managed irrigation systems have the ability to
have an application efficiency above 90%, but
most furrow irrigation systems have a lower
application efficiency, which is mainly due to
poor design, inefficient management, and lack of
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evaluation and implementation of systems. One
way to improve the performance and
management of furrow irrigation is to use surface
irrigation models. Having a proper mathematical
model can prevent the repetition of many field
experiments. Mathematical models of surface
irrigation are based on the equations of Saint-
Venant, which the difference between them is in
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the form of applying the momentum equation.
One of the most popular software that examines
the three models of kinematic wave,
hydrodynamic, and zero-inertia is the SIRMOD
software, developed by Walker and Skogerboe
(1987) at Utah State University, which is widely
used in irrigation management and design.
SIRMOD software covers all surface irrigation
methods (strip, furrow, and basin) and can check
different wave and cut-off currents. Despite the
widespread use of SIRMOD software in different
parts of the world to simulate and evaluate
surface irrigation systems, this software has been
less used in Iran. Hamedan province is also one
of the major agricultural production areas of the
country. This province, with 1.2% of the
country's area, ranks first in terms of land use
among other provinces. Among these, the main
limiting factor of agriculture in this region in
recent years is the issue of water and declining
groundwater levels. The crisis of limited water
resources in different parts of the country,
especially in Hamadan province, has been
significant in recent years. For this reason,
increasing water efficiency and optimal use of

water resources is a necessity of the agricultural
sector of Hamadan province. The purpose of this
study is to investigate the parameters of
infiltration equation, depth of infiltrated water in
the field, and field evaluation parameters
including water use efficiency in the field,
percentage of runoff losses, uniformity
efficiency, and deep percolation.

Materials and methods

In the present study, the data of potato cultivation
farms located in the Kaboudar Ahang plain of
Tasaran village of Hamedan province were used.
The soil texture was clay loam and the water
source of the farm was well and the irrigation
method used in this farm was furrow irrigation.
The area of the farm was one hectare, the length
of the furrows was 130 meters and the width of
each furrow was 75 centimeters. Some measured
field parameters and information include field
slope, determination of inlet flow to furrows,
applied irrigation program, outflow runoff
measurement, determination of advanced and
recession time, and Faro geometric parameters.
Specifications of the farm studied was showed in
Table (1).

Table 1 Specifications of the studied farm

L The length of the Width of Farm Area Farm Slope .
Irrigation Method Furrow (m) Furrow (m) (ha) (m/m) Soil Texture
Furrow Irrigation 130 0.75 1 0.0035 Clay loam

First, the important input parameters were
identified in furrow irrigation that may have
significant errors in measuring or estimating
them in the field. These parameters were cut-off
time, input flow, Manning roughness coefficient,
infiltration equation coefficients, and furrow
slope. Therefore, these parameters were entered
in the sensitivity analysis of this study to
guantify the relative impact of each on the output

indicators including water use efficiency, water
requirement efficiency, uniformity distribution
coefficient, surface runoff ratio and advanced
and recession times. In the sensitivity analysis of
each input parameter, the value of change was
considered equal to #50% to provide the
necessary conditions for sensitivity analysis,
which the values are shown in Table (2).

Table 2 Input parameters to the SIRMOD model with the change of 50%

Parameter Initial value +50 % of Initial Value -50 % of Initial Value
q (Lit/s) 1.39 2.085 0.695
Tcot (min) 100 150 50
k (m3/m/m) 0.00625 0.009375 0.003125
a 0.28 0.42 0.14
n 0.03 0.045 0.015
s (m/m) 0.0035 0.00525 0.00175
To compare and evaluate the accuracy of Results

SIRMOD software in the prediction of advanced
and recession time, infiltrated volume, and runoff
volume, the statistical indicators of RMSE, R?,
EF and RE were used.
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The results of sensitivity analysis showed that the
infiltration parameters of the Kostiakov-Lewis
equation had the most impact on the calculation
of water requirement efficiency. The current cut-
off time and inlet flow are in the next rank of this
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effect on water requirement efficiency. The
results of Table (3) show that SIRMOD software
has well estimated the amount of infiltration with
all three models of the kinematic wave, zero-
inertia, and hydrodynamic. In the middle and end
of the season, the amount of runoff in all three
models was higher than the amount of runoff
measured in the field, and consequently, the

amount of water infiltrated in all three models
was less than the amount measured in the field.
In general, the lowest relative error rate of
infiltrated water volume in all three models of
hydrodynamics, zero inertia, and the kinematic
wave is related to the beginning and end of the
season.

Table 3 The comparison of measured and calculated values of infiltration by different models of SIRMOD

software

Input Kinematic Wave Zero-Inertia Hydrodynamic Measured
Irrigation time ~ Water  |nfiltrated Runoff Infiltrated Runoff Infiltrated Runoff Infiltrated Runoff

(m?) (m?) (m?) (m?3) (m?3) (m?3) (m?3) (m?) (m?3)
geg'””'”g of g3 2.1 6.3 2.1 6.2 2.1 6.2 1.99 6.35

eason

Middle of 9.6 25 71 25 71 25 71 3.19 6.41
Season
End of Season 9.9 2.6 7.4 2.6 7.3 2.6 7.3 2.8 7.1

Regarding the effect of inlet flow on furrow, it
can be said that in all three models of
hydrodynamic, zero-inertia, and kinematic wave,
with increasing the inlet flow to the furrow at a
constant length, the predicted values were
estimated with higher accuracy. As the furrow
length decreased, the simulation accuracy of all
three models of hydrodynamic, zero-inertia, and
kinematic wave increased.

Conclusion

According to the findings of this study, it can be
concluded that: All three models predicted the
best-simulated results of infiltrated volume with
an average error of 5.5% and for runoff volume
with an average error of -0.8%. So that the
application efficiency with an error of less than
8% and the uniformity efficiency with an error of
less than 1% and the output runoff for the
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beginning and end of the season with a relative
error of less than 4% are well estimated by all
three models. For the middle of the season, the
output runoff with a relative error of less than
11% is less accurate than at the beginning and
end of the season. Input flow and infiltration
parameters had the most effect on the advanced
time. The cut-off time also had the least effect on
the recession time.

Data Availability
Data can be sent from the corresponding author
by email upon request.
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s (m/m) 0.0035 0.00525 0.00175

Sg alolre ol S g 3588 e A Do oy K (b2 alad ey TCO (L, 20

Aol oy 2 ol AU degtell ik (raleaSs 2o
(Bautista et al. 2002) o b, b asLs

syl 1S e Cales Jlade (05 (oS Cux

D 8,5 5w (0) ey )50 4 sladail; (5995
SZlNﬁZ?;l_(Xni_ciXCi) o

A

ke Xni zrgys sohl o gl bl slows N s
bl 50 e Sl a el T ekl po (g5 Sl s
b o ol 1 abis po (zgym sl lade Xei w595,
A5 6395 ol )d jesd o it S35 sl
3 e Cdle el (99959 el o psd 3llas jlade
ol Jlade aS cwl ol saims lis Conlus Lzl sl )l
5 S oo aied jo 093 gl Gl ay co il
6T 50 el of Jlade a5 aes o plis cute cudle
Ol el el i adgl Gl @ cas Canlu>

sbar a5 glaigSa ol eolanwl Jolate bg, 5l Liegh

Environment and Water Engineering

Joo Comwlins 3IGT —F-Y
Solnl )2 451 oo (5355 (sl el )yl Ll o
2ol e b5 spSeslal po cel (Sos (lazusx
sl bl ALl ol e 4 (ghlo pae slalas acie
$39s5 o sl B oloy Sl Lol ol il
bazmsr Gl g S9d aolee culpo (Siile 65 uyd
3)ly Bubizs ol Comla 5JGT o Lol )b cpl 13 oen
Bt (295 slagasly ol jo o 5B b s
SISt el S plal, ol S5 e,
Sor 9 Sorbamy saoley 5 (raw Sy, Cuns 9
Felib o Colas Jlod )0 090 (atiin (oS Ojged
b ood a8 o o 7200 Joleo i lade (6999
olie a5 bl 0350 wal 8 1) Comlu Jolows o3¥ Lyl
—py g, lead ools lis (V) Jeux o alol>
Z9 Oy d(osls i (g0) adsl Cundg )0 14l
699)9 SLoyubl 51 S o pti Lol 485l 5o Lo

ol i 5 Cojlasme )

Vol. 8, No. 2, 2022

VE) il ¥ o)lad h oyp0 (DS


bshahmorady@gmail.com
Typewritten text
401


ey

\f’\ su‘)mb‘)eJ

Sl 5IUT 3550 150 50 slogaslis p Slpuis ol
3 bl 99 o ln T Jolo joss Jladie 285 18
Ol 5 Sledd W) (owyp Sz D w85
Sl b ez 2 ln S e sl g S Conles
by damer 4 (995,5 sloyull ad uolbasS
Sy Camles asls b 12l L VFE SIRMOD
Col (7) alal, Sygo Jall 90 loy pr Olpss

(Saltelli et al. 2009)

|Eag—Eaq|[ q Tco ]
Ea, lAqlEas—Eay]| ATcolEa4_ Eaz|

Sensitivity=

|Eas—Eaz|
olie G abaly og (o (e e Gy 3L
B oo lis 1y Jae Jawgi ool o i polie g 28l
o) e az e ol (SO

|Eag—Easz|

5SS ol Slss asals
Joe YL cds s lis il 3 SGop SS 4 el
(Ebrahimian and Liaghat 2011) ..

9 el ools U”")‘f Cono omool,i.s JM @T)lf w)..o

e Hlade ol S b ol o e 5l ol Ol asels
B 5l oo
Lane and ) ai acwlxe (A) akal, 51 a5 col lnosls

(Ferrira 1982

)Qu_i; ‘mBg,de).sw)owLQJu_,

EF = DA 1(Ql Q)Z —¥N(Pi—Q))?
1 1(Ql Q)z

QY

polie Pidodiges slaws N (558 sleakal, o 4
oSiles P ga8ly palie Qi Joe ewsay 0l i
88y polie 5:Silee Qg Joo awgs 00l i polie
Sllgy polie 2Lyl Hshaieds (g slaz (a3Ls 512l
oo 4y a5 Al oolaiwl W s a8l 3985 O e g

(Moravejalahkami et al. 2009) sl o (V+) alal,

RE = (V”V %) « 100 0

0
0l 08) (st ez Vp o Jae od gl RE @S
el a0 50 00 (5 S 03Il w1 Vo g Jow bawgs
Sy g Lasl Y
Camwls 36T V-
o oyl o Saalizdgym (slo e Copmslas 3T s
i sl ey Jad sl e Sleis goe

sy 2 ol b s sogys oyl JEDe Jolee

Environment and Water Engineering

rlo s b ool ks Sl g0 (2S5 jsbay 5 Olejee
Slolen Ghgy ol b LB wad asl o5 col byl )l
Sloysite SO Comlus Jdo 0 a5 oo el Glojen
Jols o fd ggemme ;0 0gd (pw)p 05 ke
S99 2 5 Oboz &k by (2S5 9 Glojee Dl
5 89955 2 (0K) 355 oo 5 599,520 (O Teo)
(TC0,8) 3585 oy 5 Sl @lad by «(0,8) S9i5 Bl
S 9 358 Olgs (TCOK) 3585 oyl 5 iy gl (s
Sl g il doyial )l s (090 <ol (28 b @K) 35i5

*)

bl gl @l Jlade A g 005 Hlewd], B aS
Sl Gl ol (als (sl ool Jol> nolie
slacdl 5l plas’ jo Glojen sis (sl p 53,50 (29,5
Saltelli et ) o gosaiws (V) Jgoz &0 0ol axas
.@l. 2009

Sl e oo Y Jgur

Table 3 Sensitivity classification

Sensitivity Sensitivity Range
Low 0.1 < Sensitivity < 0.5
Medium 0.5 < Sensitivity < 2
High 2 < Sensitivity <5
Very High Sensitivity > 5
SIRMOD I3l 5 <do> U, -0-Y
» SIRMOD  l8ls s cds ol 5 awlie sy

P> g 48k 3985 x> (Sgpm (S rbn Olo) Smibe
Slasye 5Siles jgdome Jlre kel slagazls 5 U,
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(Milapalli et al. 2009) o oolazwl (RE) s sllas
5 amlie 5 Db sl A0 (e RMSE Las
Al dewloes (V) alal) 51 g casl (ig, o pclin Sl
oS Jae o 0 ol e 5 Cenl Sute ojlgen o bl ol
Sfdes 5 2ol laJae i b anslie )5 Joe ]
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Table 4 The sensitivity of irrigation indices to input parameters in different models

Model Irrigation Indices

Sensitivity of Irrigation Indicators to Input Parameters

Application Efficiency
Water Requirement Efficiency
Uniformity Coefficient
Runoff Ratio
Advanced Time
Recession Time
Application Efficiency
Water Requirement Efficiency
Uniformity Coefficient
Runoff Ratio
Advanced Time
Recession Time
Application Efficiency
Water Requirement Efficiency
Uniformity Coefficient
Runoff Ratio
Advanced Time
Recession Time

Hydrodynamic (HD)

Zero-Inertia (Z1)

Kinematic Wave
(KW)

n, So, k, Tcot, a, q
So, N, g, Tcot, k, a
So, N, Tcot, k, g, a
n, So, Tcot, g, k, a
Tceot, So, n, &, k,
g, So, N, k, a, Tcot
So, N, k, Tcot, a, q
So, N, q, Tcot, a, k
So, N, k, Tcot, g, a
n, So, Tcot, g, k, a
Tcot, So, N, K, g, @
g, So, N, k, a, Tcot
So, N, q, Tcot, &, q
So, N, g, Tcot, a, k
So, N, k, Tcot, g, a
n, So, Tcot, g, k, a
Tcot, So, N, Kk, g, @
0, So, N, k, a, Tcot
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Table 5 The sensitivity analysis in the simultaneous change conditions of input flow and cut-off time

Advanced Time

Recession Time

Parameter HD ZI KW HD ZI KW
q+50 Tco+50 No No No No No No
Tco-50 No No No No No Medium
q-50 Tco+50 Low Low Low Medium Medium Medium
Tco-50 Low Low Low Medium Medium Medium
q+50 K+50 No No No No No No
K-50 No No No Low No No
4-50 K+50 No No No No Low Low
K-50 No No No No No No
q+50 a+50 Medium Medium Medium Low Low Low
a-50 Medium Medium Medium Low Low Low
4-50 a+50 Medium Medium Medium Low No No
a-50 Medium Medium Medium No No No
Tco+50 a+50 Low Low Low Loyv Loyv Loyv
a-50 Low Low Low Medium Medium Medium
Tco-50 a+5h0 No No No Medium Medium Medium
a-50 No No No Medium Medium Medium
Tco+50 K+50 No No No No No No
K-50 No No No No No No
Tco-50 K+50 No No No No No No
K-50 No No No No No No
a+50 K+50 No No No Low Low Low
K-50 No No No No No No
a-50 K+50 No No No No No No
K-50 Medium Medium Medium No No No
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Table 6 The comparison of measured and calculated values of infiltration by different models of SIRMOD

software
Input Kinematic wave Zero-inertia Hydrodynamic Measured
Irrigation time  water  |nfiltrated Runoff Infiltrated Runoff Infiltrated Runoff Infiltrated Runoff
(m?) (m?) (m?) (m?3) (m?3) (m?3) (m?3) (m?) (m?3)
Be%'””'”g of g3 2.1 6.3 2.1 6.2 2.1 6.2 1.99 6.35
eason
Middle of 9.6 25 7.1 25 7.1 25 7.1 3.19 6.41
Season
End of Season 9.9 2.6 7.4 2.6 7.3 2.6 7.3 2.8 7.1
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Table 7 Statistical indicators of simulation of the advanced time in different models and different irrigation

times
Time Model Stat_istical The Beginning The Middle of The End of the
Indicators of the Season the Season Season

EF -0.57 -2.06 -2.83

® Hydrodynamic R? 0.99 0.95 0.99
£ RMSE 4.09 5.68 6.30
= EF -0.57 -2.06 -2.83
3 Zero-Inertia R? 0.98 0.95 0.99
S RMSE 4.09 5.69 6.31
< . . EF -0.72 -2.1 -2.92
< K'C\?;‘/z“c R? 0.97 0.95 0.99
RMSE 4.27 5.72 6.38

EF 0.99 0.98 0.86

° Hydrodynamic R? 0.99 0.99 0.97
£ RMSE 0.71 1.08 3.30
= EF 0.99 0.98 0.87
g Zero-Inertia R? 0.99 0.99 0.97
§ RMSE 0.71 1.08 3.20
@ . . EF 0.86 0.92 0.82
= K'C\?;‘/z“c R? 0.96 0.98 0.95
RMSE 2.30 2.20 3.75

S 9 Soriar 215 50 lol e sla oo Ll s po e bl sla el -A Jga
Table 8 Evaluation parameters of models in different irrigation flow conditions in the advanced recession stages

Time Discharge Model EF R? RMSE
Hydrodynamic -0.58 0.89 2.10
q=1.49 _Zero—l_nertia -0.62 0.85 1.81
Kinematic Wave -0.55 0.87 2.70
Average -0.58 0.87 2.20
Hydrodynamic -0.73 0.92 1.74
. Zero-Inertia -0.72 0.87 1.58
Advanced Time q=1.59 Kinematic Wave 068 091 1.79
Average -0.71 0.90 1.70
Hydrodynamic -0.85 0.97 0.99
q=1.69 _Zero—l_nertia -0.78 0.94 1.32
' Kinematic Wave -0.84 0.93 1.44
Average -0.82 0.95 1.25
Hydrodynamic 0.93 0.88 0.97
q=1.49 _Zero-l_nertia 0.84 0.85 0.95
' Kinematic Wave 0.87 0.87 0.99
Average 0.88 0.87 0.97
Hydrodynamic 0.96 0.93 0.89
Recession Time q=1.59 _Zero—l_nertia 0.86 0.89 0.91
Kinematic Wave 0.94 0.91 0.92
Average 0.92 0.91 0.91
Hydrodynamic 0.99 0.99 0.72
4=1.69 _Zero-l_nertia 0.98 0.99 0.77
' Kinematic Wave 0.87 0.97 0.74
Average 0.95 0.98 0.84
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Table 9 Evaluation parameters of models in different furrow length conditions in the advanced and recession

stages
Furrow Model EF R? RMSE
Advanced Stage
Hydrodynamic -0.63 0.95 4.09
L=125 _Zero—l_nertia -0.71 0.92 5.51
Kinematic Wave -0.59 0.93 6.20
Average -0.64 0.93 5.27
Hydrodynamic -0.82 0.98 3.97
L=120 _Zero—l_nertia -0.77 0.95 4.79
Kinematic Wave -0.73 0.93 5.38
Average -0.77 0.95 471
Hydrodynamic -0.91 0.99 3.89
L=115 _Zero-[nertia -0.86 0.98 4.71
Kinematic Wave -0.83 0.97 5.24
Average -0.87 0.98 4.61
Recession Stage
Hydrodynamic 0.91 0.95 1.89
L=125 _Zero—l_nertia 0.89 0.91 1.91
Kinematic Wave 0.88 0.92 2.10
Average 0.89 0.93 1.97
Hydrodynamic 0.97 0.96 1.73
L=120 _Zero-l_nertia 0.93 0.92 1.84
Kinematic Wave 0.94 0.94 1.88
Average 0.95 0.94 1.82
Hydrodynamic 0.98 0.99 157
L=115 _Zero-l_nertia 0.95 0.98 1.65
Kinematic Wave 0.96 0.98 1.71
Average 0.96 0.98 1.64

9 yoo oyl ( Seolnsgyune Joo aw jo gileand <

S 25 azis - F

3 &y Sy s SiS e 50 rosls Sl gl cpl o
5 il ez plaes ol @lsi 5l SaaT)0sS Gl et
2 d92ge ladae awgar Glamex o)kl (gilwand
S deols s aslsl jo o oolazwl SIRMOD l58ls 5
el o a5 g,

Ty 9 Ao ekl (Soludgae Joo 4w e )
L1y adl 3985 pon> (ghlwdd @bl on e Sslodos
s Liogio b1, Clly, a5 /00 sl lawsie

sl L o)l leaily a5 (5ebds . oged s i+ 1A

Environment and Water Engineering

azex Job F1-0-Y
L g lp s )bl glagasls mls () Jyox
B ) alte sladsb Lyl o Cub (50955 (20
e (1) Jsoz mls wlol paes e plis (55,00
do 5 Gilwdnd C83 wmsr Jsb el L &S col
Ol Silaios Eo0 9 yho oyl (Seslisg e Joe
Sz S5 Oley D wamgr Job 1ol L (e 8L
3 (shes 3gi5 Uil g wdge Do deyie 50 Ol (595
ool Jim Jbd Job &5 > 4 cod Ll b
@S b Gaghy Sl e oal slaasdl o)ls 6568 ol
Wrmex Job ials Loyl cills Azad et al. (2017)

ol i 5 Cojlasme )

Vol. 8, No. 2, 2022

\\c'\ol.';....gls"\’o)b..‘b‘/\o)jo \_/‘.J


bshahmorady@gmail.com
Typewritten text
407


A

VE) e g sl

s Jolpe dmgion S8 @omex Job alS L -
oyl o Sealudgye Joo dw o 0 Gl )bl

odls dy  cw yiwd
Ly).'a )‘ J}f.m.n oM?—' d}lo )‘ ‘W‘P)‘b [we 2 aosls

el syl BB e

O 9 gilio 25

8ls olai me a5 Wls o el Alan cpl HBans g
s dlie ol el g (Saisg bakly jo

References

Abbasi, F. (2012). Principles of flow in surface
irrigation.  Publications of the national
committee of irrigation and drainage, First
Edition, 211 pp [In Persian].

Alizadeh, A. (2004). Design of irrigation
systems. Fifth Edition. Astan Quds Razavi
Publications, 583 pp [In Persian].

Azad, N., Rezaverdinejad, V., Behmanesh, S.
and Sadraddini, A. A. (2017). Optimization of
surge irrigation system based on irrigation
and furrow geometric variables using
SIRMOD model. J. Water Irrig. Manage.,
7(1), 151-166 [In Persian].

Bagheri, M. and Alipour Hafshejani, M. (2011).
Evaluation of surface irrigation models in
sugarcane furrow irrigation located in
Khuzestan province. The First Conf. on
Strategies  for  Achieving  Sustainable
Agriculture. Payame Noor University of
Khuzestan, Ahvaz [In Persian].

Bautista, E., Strelkoff, T. S. and Clemmens, A. J.
(2002). Sensitivity of surface irrigation to
infiltration  parameters: implications for
management. In: Burt, C.M., Anderson, S.S.
Eds), Energy, climate, environment and
water-issues and opportunities for irrigation
and drainage. proc. USCID/EWRI Conf., San
Luis Obispo, CA, July 10-13, pp. 475-485.

Behbahani, M. R. and Babazadeh. H. (2005).
Field evaluation of surface irrigation model

Environment and Water Engineering

5 1) 5l 5SS sl b (316 ledily g TA Gl 568
s> b elyy Jad bl g lal gl (29,5 SUlg,
03) (ye3S Joo dw y2 lawgt o954 1Y 5 508 s

05 8 Sle 625 cu S 5 Ol et sl gl b -Y
@ Wl playll Wl (g5 slaaSls n
53k b Sgis Aoles culyd 5 bz ek oloj bz
Sloysie 90 Coslus Juld aijls oo slazg 5
S5 2 b 86 s by b ol a8 ol oles
5 3985 alolee b yal)ly izes g Sl (59 0y al> e

50 13 6 8,5t ol sam sleas,

SS9y 2y 0 e 3585 sla b g (50959 (20 =T
21 356 S @l ploj ized Cbly (g5dey (o
LBl S Ol S,

(SIRMOD) (Case study in furrow irrigation).
J. Agr. Sci. Nat. Res., 12(2), 1-9 [In Persian].

Clark, B., Hall, L., Walker, W. and Eckhardt, J.
(2009). Application of SIRMOD to evaluate
potential tail water reduction from improved
irrigation management. World Environmental
and Water Recourse Congress. American
Society of Civil Engineers. May 17-21.

Ebrahimian, H. and Liaghat, A. (2011). Field
evaluation of various mathematical models
for furrow and border irrigation systems. J.
Soil Water Res., 6(2), 91-101 [In Persian].

Farasati, M., Farzi, S. and Pourmohammad, P.
(2018). Field evaluation and analysis of
furrow irrigation by SIRMOD and WinSRFR
models. J. Environ. Water Eng., 4(3), 207-215
[In Persian].

Gholami Sefidkouhi, M. A. and Koulaian, A.
(2014). Field evaluation and sensitivity
analysis of the SIRMOD model in furrow
irrigation. Iran J. Irrig. Drain., 8(3), 473-483
[In Persian].

Katopodes, N. D. and Strelkoff, T. (1977).
Hydrodynamics of border irrigation-complete
model. J. Irrig. Drain. Div., 103(3), 309-324.

Khoshravesh, M., Mirzaei, S. M. J., Shirazi, P.
and Norooz Valashedi, R. (2018). Evaluation
of dripper clogging using magnetic water in
drip irrigation. Appl. Water Sci., 8(3): 1177-

O (g 9 S lame

Vol. 8, No. 2, 2022

1191.
[@3
B

\f’\ ul.»..w..ll; Y o)Lo.{:: A o)jb


bshahmorady@gmail.com
Typewritten text
408


f-q

slazmsz gylal Sbs,l s gslwans

Lane, J. W. and Ferrira, V. A. (1982). Sensitivity
analysis. In CREAM, A field scale model for
chemical, Runoff and EROSIN from
Agricultural Management system, (ed.) W. G.
Knisel, Vol. A. Model Documentation.
USDA conservation Res. Report No. 26. 113-
158. Washington, D.C.

Mahdizadeh, K. M., Gholami, S. M. and Vlipour,
M. (2014). Simulation of open- and closed-
end border irrigation systems using SIRMOD,
Arch. Agron. Soil Sci., 61(7), 929-941.

McClymont, D. J., Raine, S. R. and Smith, R. J.
(1996). The prediction of furrow irrigation
performance using the surface irrigation
model SIRMOD. In 13" National Conference.
Irrigation Association of Australia. Adelaide.

Milapalli, D., Singh, R. and Raghuwanshi, N.
(2009). Physically based model for simulating
flow in furrow irrigation. . Model
development. J. Irrig. Drain. Eng., 135, 739-
746.

Mohamad Jani, I. and Yazdanian, N. (2014). The
analysis of water crisis conjecture in Iran and
the exigent and measures for its management.
Ravand, 21(65, 66), 117-144 [In Persian].

Mokari Gahroodi, E., Liaghat, A. M. and
Nahvinia, M. J. (2013). Application of
WiInSRFR3.1 model in furrow irrigation
simulation. Iran J. Irrig. Drain., 7(1), 59-67
[In Persian].

Moravejalahkami, B., Mostafazadeh-Fard, B.,
Heidarpour, M. and Abbasi, F. (2009).
Furrow infiltration and roughness prediction
for different furrow inflow hydrographs using
a Zero-lnertia  model with a multilevel
calibration approach. Biosystems Eng.,
103(3), 374-381.

Raghuwanshi, N., Saha, R., Mailapalli, D. and
Upadhyaya, S. (2011). Infiltration evaluation
strategy for border irrigation management. J.
Irrig. Drain. Eng., 137, 602-609.

Saltelli, A., Chan, K. and Scott, M. (2009).
Sensitivity Analysis. John Wiley & Sons:
New York, NY. 504 pp.

Soltani A. and Soltani M. (2018). Assessment of
base flow separation methods in Karaj dam
watershed. J. Environ. Water Eng., 4(3), 216
— 228 [In Persian].

Soltani A. and Soltani M. (2018). Assessment of
base flow separation methods in Karaj dam

Environment and Water Engineering

watershed. J. Environ. Water Eng., 4(3), 216
— 228 [In Persian].

Stewart M., Cimino J. and Ross M. (2007).
Calibration of base flow separation methods
with stream flow conductivity. Ground water,
45(1), 17-27.

Stewart M., Cimino J. and Ross M. (2007).
Calibration of base flow separation methods
with stream flow conductivity. Ground water,
45(1), 17-27.

Taghizadeh, Z., Verdinejad, V. R., Ebrahimian,
H. and Khanmohammadi, N. (2013). Field
evaluation and analysis surface irrigation
system with win SRFR (case study furrow
Irrigation). J. Water Soil (Agr. Sci. Tech.).,
26(6), 1450-1459 [In Persian]

Taimori M., Ghanbarpor M., Bashirgonbad M.,
Zolfaghari M., Kazemikia S. (2012).
Comparing of base flow index of different
methods of hydrograph analysis in some
rivers of West Azerbaijan. J. Water Soil Sci.,
15(57), 2019-228 [In Persian].

Taimori M., Ghanbarpor M., Bashirgonbad M.,
Zolfaghari M., Kazemikia S. (2012).
Comparing of base flow index of different
methods of hydrograph analysis in some
rivers of West Azerbaijan. J. Water Soil Sci.,
15(57), 2019-228 [In Persian].

Tallaksen L. M. and Van Lanen H. A. (2004).
Hydrological Drought:  Processes and
Estimation Methods for Stream flow and
Groundwater, Elsevier: Amsterdam, the
Netherlands, 579 pp.

Tallaksen L. M. and Van Lanen H. A. (2004).
Hydrological ~ Drought:  Processes and
Estimation Methods for Stream flow and
Groundwater, Elsevier: Amsterdam, the
Netherlands, 579 pp.

Tavakoli M., Karimi H. and Norollahi H. (2018).
Investigation the effects of climate change on
water resources of Illam Dam Watershed.
Watershed Eng. Manag., 10 (2), 157-170 [In
Persian].

Tavakoli M., Karimi H. and Norollahi H. (2018).
Investigation the effects of climate change on
water resources of llam Dam Watershed.
Watershed Eng. Manag., 10 (2), 157-170 [In
Persiany].

Walker, W. R. (2003). SIRMOD IIl. Surface
Irrigation simulation, evaluation and design.

ol i 5 Cojlasme

Vol. 8, No. 2, 2022

{0

\f’\ ul—k—hﬁo\.’b Y o)Lo.,.':: A o)jb


bshahmorady@gmail.com
Typewritten text
409


AR \f‘\sul)KAQS@m‘)QJ

guide and technical documentation. Utah Zare Bidaki R., Gharahi N. and Mahdianfard M.
State University. (2019). Comparison of separation methods for

baseflow from direct runoff in Doroud Basin

Walker, W. R. and Skogerboe, G. V. (1987). . !

Surface irrigation theory and practice. U.S.A. Iz‘ggisgig’[:rr]agérjs'iai?vwon' Water Eng., 5(3),
Prentice Hall. '

Zeinalzadeh, K., Broumandnasab, S., Naseri, A.

A. and Soltani Mohamadi, A. (2008).

Sensitivity analysis of furrow irrigation model

Willems P. (2009). A time series tool to support
the multi-criteria performance evaluation of
rainfall-runoff models. Environ. Model.

parameters using SIRMOD computer code.

Softw., 24(3), 311-321. The Second National Conference on Ahvaz

Willems P. (2009). A time series tool to support Irrigation and Drainage Networks

the multi-criteria performance evaluation of Management, Shahid Chamran University,
rainfall-runoff models. Environ. Model. Ahvaz [In Persian].

Softw., 24(3), 311-321. Zerihun, D., Feyen, J. and Reddy, J. M. (1996).

Zare Bidaki R., Gharahi N. and Mahdianfard M. Sensitivity analysis of furrow-irrigation
(2019). Comparison of separation methods for performance parameters. J. Irrig. Drain. Eng.,
baseflow from direct runoff in Doroud Basin, 122(1), 49-57.

Lorestan, Iran. J. Environ. Water Eng., 5(3),
200-212 [In Persian].

How to cite this paper:
Lohrashi, K., Khoshravesh, M. and Ghadami Firouzabadi, A. (2022). Simulation and evaluation of furrow

irrigation in potato cultivation using SIRMOD model. Environ. Water Eng., 8(2), 395-410. DOI:
10.22034/JEWE.2021.296401.1600

Environment and Water Engineering ol (pwdige § G jlame

Vol. 8, No. 2, 2022 VE) il Y ol oA 0,50 é/



bshahmorady@gmail.com
Typewritten text
410


