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Effect of Using Lead-Contaminated Water by Surface Irrigation and
Subirrigation on Silage Maize Yield and Uptake
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Abstract

The aim of this study was to investigate the possibility of using lead contaminated water in surface irrigation
and subirrigation and its effect on silage maize yield. In this regard, lysimeter experiments were conducted in the
College of Agriculture and Natural Resources, University of Tehran in 2017 in the form of factorial experiment
in a completely randomized design with six treatments in three replications and a total of 18 experimental plots.
Treatments included: Surface irrigation with lead-contaminated water (SP), Surface irrigation with fresh water as
control treatment (SC), Subirrigation with lead-contaminated water and water table depth of 50 cm (50P),
Subirrigation with fresh water and water table depth of 50 cm (50C), Subirrigation with lead-contaminated water
and water table depth of 75 cm (75P), and finally, Subirrigation with fresh water and water table depth of 75 cm
(75C). The results showed that the effect of irrigation management on plant height, plant dry weight and maize
silage yield at 1% probability level, wet plant weight and maize wet weight at 5% level was significant and it had
no effect on maize dry weight. Also, pollution had no effect on growth and yield and components of maize yield.
The results also showed there was a 2.25 mg of lead per one kg of maize dry matter in the SP treatment, which
this amount is in the group of low pollution according to the World Health Organization (WHO), No lead was
observed in the plant samples of the 50P and 75P treatments. On the other hand, the highest maize yield was
recorded in the 75P treatment with 49.65 t/ha and then in the 50P treatment with 47.04 t/ha. Crop yield increased
by 36% and 29% in the 75P and 50P treatments compared to the control treatment, respectively. It is noteworthy
that the amount of lead metal stabilized and rised in the subirrigation treatment was out of reach of the plant and
there was no problem in terms of pollution and maize yield.
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Abstract

Surface water resource planning requires the estimation of water balance components at different spatial and
temporal scales. Moreover, due to the inadequacy of the stations in terms of number, dispersion, and temporal
data recording, numerical modeling of the land surface is necessary. In this study, the Noah-MP model was used
to compare the simulated runoff by SIMTOP and BATS schemes and to evaluate the dynamic vegetation scheme
for estimating actual evapotranspiration in the Neishaboor watershed monthly scale in 2000-2009. Due to the
low accuracy and dispersion of hydrometric stations, the SWAT model output was used for evaluation. To
develop the model, first, the sensitivity analysis of the modeled runoff to parameters of the model was
performed. The model showed the highest and least sensitivity to the soil parameter in the Clapp-Hornberger
relation (b) and runoff decay factor (f), respectively. The best and the first performance of simulated runoff by
BATS scheme were in mountainous areas and the evaluation criteria including R?, NSE, and RMSE were
respectively 0.81, 0.64, and 1.91. The second grade of performance was for the plain and the lowest values for
simulated runoff were in foothills regions. Results indicate that the BATS scheme shows better results in the
plain and foothills areas and the results of the SIMTOP scheme in the mountainous regions were similar to
BATS results.

The dynamic vegetation scheme has been able to simulate evapotranspiration changes along with the stages
of plant growth. The mean of annual evapotranspiration estimated by the Noah-MP model was 305 mm.

Keywords: BATS scheme, Dynamic vegetation scheme, Neishaboor watershed, Noah-MP model, SIMTOP
scheme
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Abstract

In this study, MODFLOW and MT3DMS codes were used to evaluate changes in groundwater quality in
Neyshabour plain under different scenarios. During developing the conceptual model, it was found that the
aquifer salinity increased due to the presence of fine alluvium and evaporite minerals in the margins of the plain
and agricultural return flow. Groundwater models was calibrated under transient condition for 10 years from
October 2001 to September 2011 and validated for a 4-year period (October 2011 to September 2015).
Quantitative comparison of the head and CI data in all the observation points indicated a reasonable match
between the observed and the calculated values. The root mean squared error (RMSE) was 1.92 m and 1.65 m
for the calibration and validation periods in the flow model, and the RMSE was 2 mg/l for the mass transport
model in Neyshabour aquifer. The MODFLOW and MT3DMS models were used to simulate the effect of the
two scenarios: (1) continue the current trend in groundwater withdrawals and (2) 40% reduction in groundwater
withdrawals has been examined by the model. In the first scenario, the average groundwater level showed annual
loss of 0.79 m and increasing in the groundwater salinity. Under the second scenario, which aimed to achieve
equilibrium status in the groundwater balance, pumping rate for all wells were reduced by 40%. The results
showed that although the average water level in the aquifer does not decrease, the groundwater salinity is still
increasing, with a rate of 50% lower than in comparison to the first scenario. This reflects the fact that reduced
groundwater withdrawals at the same rate for all wells may not meet water resource management goals and
groundwater management requires distributed information about the aquifer.

Keywords: Mass transport modeling in aquifer, Groundwater salinity, MODFLOW, MT3DMS, Neyshabur
plain
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The Isfahan values of Temperature and Precipitation Forecast Based on Two
Fine Scale Models Lars WG and SDSM and Artficial Neural Network Method
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Abstract

The scales of temporal and spatial steps of Atmosphere General Circulation Models GCM are continental
and global. Therefore, it is necessary the models act on the local behavior of the station data, to understand the
status of a local station using these models. In this study using SDSM, LARS_WG models and artificial neural
network method Based on observational data obtained from 6 synoptic stations in Isfahan province, temperature
and precipitation forecasts of these stations from 2021 to 2050 have been investigated. Pearson's correlation
coefficient (r) and coefficient of determination (R?) between observational data and scenario data at all stations
are above 0.6, and root-mean-square error (RMSE) is acceptable, then good simulation has been performed.
Based on the results, the temperature of Isfahan province increased from 2021 to 2050 and based on SDSM, In
2005 it had the lowest value and in 2050 it had the highest value And the temperature difference of these years is
about 2/3 ° C, which indicates that the temperature will rise and Precipitation changes are almost similar to
current changes and We will have the highest amount of precipitation in 1405 and 1406 which, in daran statian
which, It has more rainfall than other stations, it will be about 2.3 mm.

Keywords: GCM, Pearson's correlation, Synoptic stations, Spatial, Temporal,
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Abstract

It has been documented that the assumption of capillary movement of water in a bundle of cylindrical tubes
often leads to systematically underestimation of soil unsaturated hydraulic conductivity at low potentials which
is due to ignoring the contribution of adsorptive forces and liquid films. In this study, the performance of two
physical models of (Tuller-Or) and (Lebeau-Konrad) that take into account the contribution of both adsorptive
and capillary forces and the well-known capillary-based model of (Van Genuchten-Mualem) for modeling the
soil-water retention curve and estimation of the unsaturated hydraulic conductivity were evaluated. To that end,
experimental data gathered from literature including six soils that cover a broad range of texture and hydraulic
behavior. The results showed the superiority of the two capillary-adsorption models over the capillary-based Van
Genuchten-Mualem model in estimating the soil-water characteristic curve and unsaturated hydraulic
conductivity. Among the two physically capillary-adsorption based models, the Lebeau-Konrad model
performed better. The results showed that the Lebeau-Konrad model underestimates the hydraulic conductivity
of clayey soils in the near saturation range and the best performance of the Tuller-Or model was shown to be for
loamy soils. Because the Tuller-Or model is the most comprehensive and physics-based model for modeling the
unsaturated hydraulic conductivity up to date, future studies should be devoted to improving the flexibility of
this model via extending the model to other pore size distribution than the original Gamma distribution, such as
lognormal, incomplete gamma and Weibull distributions.

Keywords: Lebeau-Konrad model, Physical model, Soil-water characteristic curve, Tuller-or model
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Experimental Study of Combined Flow Trapezoidal Labyrinth Weir-Gate with
One Cycle

B. Khalili *, A. Abbaspour®*, D. Farsadizadeh?, J. Parsa*
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Abstract

The combined weir- gate is important hydraulic structure in management of irrigation canals. On the other
hand, the use of labyrinth weirs can reduce water level fluctuations due to longer crest lengths than linear weirs
for a specific discharge. Because of the sediments deposition in upstream of the weirs the flow conditions change
and the accuracy of the presented relationship is reduced. Therefore, the use of combined flow trapezoidal
labyrinth weir-gate can be a useful solution for passage of floating substances over the weir and sediment
transport under the gate. In this research, experimental study of combined flow trapezoidal labyrinth weir-gate
with one cycle has done for three sidewall angles of 15, 20 and 25 degrees, three gate openings 2, 4 and 6 cm
and three weir heights of 14 , 17 and 20 cm in a rectangular channel. Based on the effective parameters of the
combined models, the mean discharge coefficient has obtained in the range of 0.61-0.75. The results show that
the discharge coefficient decreases with increasing the ratio of Ht/P, and it reaches a constant discharge
coefficient of 0.61 for Ht/P >0.6. The discharge coefficient of the combined model increases by increasing the
angle of weir. Also the results show that the discharge coefficient of trapezoidal labyrinth weir-gate has the
highest value for weirs with a sidewall angle of 25 ° and gate opening of 2 cm.

Key words: Discharge coefficient, Experimental model, Labyrinth weir-gate, Sidewall angle
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Abstract

In the current experimental study, economic analysis of deficit irrigation was conducted for an orange
orchard and results were evaluated based on the highests net income. This experiment was performed as a split
plot in the form of a randomized complete block design with five replications in 2018. The main treatments were
two types of irrigation management including variable irrigation interval and 4 days irrigation interval. Sub
factor was 4 irrigation levels including 100%, 80%, 65% and 50% of soil readily available water (RAW). For
economic evaluation, production, cost and income functions and optimum water use depths were calculated
using English method. Results showed that irrigation water depth for maximum yield for two types of irrigation
management was 148.3 and 186.5 mm, respectively. When land is limiting, the best irrigation water depths were
146.2 mm and 184.0 mm. When water is limiting, the irrigation water depths are 109.3 and 136.9 mm,
respectively, which caused more than 16percent increase in net income per unit volume of water both two types
of irrigation managements. With this amount of saved water, if land is not limited, the cultivated area can be
increased up to 36% and 36%. Results showed that the optimum irrigation water management (in unlimited
conditions) is 4 days irrigation interval and 80%RAW irrigation depth. For this situation, the yield was 55
ton/ha. The net income for this case is more than 483 million Rials per hectare and B/C equals to 1.78. The
highest net income (for no land limitation and irrigation depth equivalent to full irrigation), is irrigation as large
as Ww (water limitation conditions) that net income for the without and 4 days irrigation interval are more than
476 and 611 million Rials, respectively. This case generates the most net income per unit volume of used water.
Results showed that in both unlimited condition and in water limitation condition, having an irrigation schedule
and also applying deficit irrigation has a positive effect on the gardener's income that for deficit irrigation in
unlimited condition 1492 and in water limitation condition 1369 m3/ha water is needed.

Keywords: Deficit irrigation, English method, Optimum water use depth, Production function, Readily
available water
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Systems: Surface, Sprinkler and Strip Drip Irrigation
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Abstract

Water is the most important limiting factor for agriculture and its optimal use with special importance. The
purpose of this study was investigating of the effect of different irrigation methods on yield and yield
components of wheat (Pishtaz cultivar) and evaluate of water efficiency. The following treatments included three
methods of surface, sprinkler and strip drip irrigation. The experiment was conducted in a randomized complete
block design with three replications in 2018 2019 in Khorramabad city. The research results demonstrated that
type of irrigation method had a significant effect (p < 0.01) on the number of spikes, number of seeds per spike,
stem height, 1000-seed weight, grain yield and water efficiency. Grain yield in surface, sprinkler and drip
irrigation methods were 7.870, 6.83 and 5.017 tons per hectare, respectively, in other words, surface irrigation
increased grain yield by 13.21 and 36.25 percent compared to sprinkler and drip irrigation methods, respectively.
Also, the highest volume of applied water (6411 m®) and the lowest water efficiency (1.22 m®) were related to
surface irrigation treatment. Strip drip irrigation treatment with about 3333 m® of water irrigation, saved 59% of
water compared with surface irrigation and therefore.

Keywords: Irrigation Method, Sprinkler Irrigation, Topical Irrigation, Volume of Water Consumption,
Wheat.
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Investigation of Subsurface Drip Irrigation and the Time of the First Irrigation
on the Quantity and Quality of Saffron
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Abstract

In the northeastern regions of the country, due to climatic conditions as well as severe water shortages, it is
necessary to cultivate crops that have low water requirements and at the same time have optimal water
efficiency. This research randomized complete block design study was performed with two factors of irrigation
system type (surface S1 and subsurface S2) and irrigation time (region custom or mehr (October) 15 T1, 15 days
delay T2 and 30 days delay T3) and three repetitions. The results of the mean squares showed that the
quantitative traits (number of flowers, fresh flower weight, dry stigma weight, dry cream weight and large flower
index) of saffron due to the interaction of irrigation method and time of first time irrigation were insignificant
and only dry cream weight trait was significant at probability 5% level. The results of the mean squares of
qualitative traits (piroxin, crocin, safranal, moisture, mold, and total microorganisms) of saffron in the irrigation
time factor and the contrast of irrigation time factor in the irrigation system type of all qualitative traits were no
significant. The results showed that the highest value for quantitative traits was the number of flowers and the
dry weight of stigmas for S1T2 treatment with 53.1 flowers per square meter and 0.79 grams per square meter,
respectively. Also, for qualitative traits of piroxin, crocin, saffron and microorganisms, the total S2T1 treatment
was obtained with the values of 1/92, 1/262, 1/33 (maximum absorption) and 10733 numbers per gram,
respectively and the best irrigation method and Irrigation time, surface system and 15 days delay were obtained.

Keywords: Irrigation system, Irrigation management, Stigma, Total coliform.
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Abstract

Prediction of flow discharge coefficient of gates is one of the essential issues in water engineering sciences.
In recent years, various semi-empirical equations have been developed in order to predict the discharge
coefficient of radial gates that the application of these formulas under submerged flow conditions suffered from
large errors. The aim of present study is to apply robust Gaussian Process Regression (GPR) and Support Vector
Machine (SVM) to predict discharge coefficient of radial gates under submerged flow conditions and compare
the obtained results with well-known semi-empirical approaches. For this purpose, an extensive experimental
dataset comprises 2136 data points were used to feed the utilized methods. Different combinations of
dimensionless parameters were prepared and the performance of aforementioned methods were assessed. The
obtained results showed that GPR method with input parameters of yq-y/w and y/w yields a correlation
coefficient (R) of 0.983, a Nash- Sutcliffe efficiency (NSE) of 0.967 and root mean squared error (RMSE) of
0.027 and indicated superior performance compared with employed SVM and other semi-empirical approaches.
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Abstract

The purpose of the present study was Investigating of Climate Change Effects on the Surface Runoff of the
Mazlaghan area. For this purpose, SWAT model was used to simulate basin hydrological regime and SUFI-2

algorithm in SWAT-CUP software to optimize model parameters. Statistical data used for runoff simulation
were years (1997-2015). To evaluate the ability of SWAT model to simulate runoff discharge, Nash Sutcliffe,
R2, p-factor and r-factor indices were used. Using the LARS-WG climate change model in the study area, map
the observational data of Razin Station with long-term climate data, taking into account RCP2.6, RCP4.5 and
RCP8.5 climate change scenarios for the coming period 2021- 2040 Climate change in the region was evaluated..
LARS-WG model to ensure the correct calibration errors indices of average root mean square error (RMSE),
mean absolute error (MAE) and the coefficient of productivity Nash Sutcliffe (NSE) was used; The results of the
study, while confirming the efficiency of the model, showed for the period 2021-2040, an increase in the mean
annual temperature will occur based on the three scenarios mentioned. Also, the average monthly rainfall under
the scenarios of RCP2.6, RCP4.5 increases and RCP8.5 predicts a decrease. Finally, according to the predicted
climatic data in runoff simulation, an increase in runoff is predicted in the Alluvial Basin.

Keywords: Climate change, LARS-WG, Mazlaghan river, Surface runoff, SWAT model
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Abstract

Saturated hydraulic conductivity is one of the main parameters in agricultural and environmental studies that
is essential for the estimation and management of water and solute transport in soil. In this research, 1200 series
of data related to loamy soils were used to prediction and modeling saturated hydraulic conductivity using soil
physical properties such as bulk density, available water capacity, organic carbon content and percent of clay, silt
and sand content. From studied data series, 900 series were allocated for use in training models and 300 series
for testing models in three designed scenarios. The performance of SVM, MLP and M5 models was evaluated in
estimating saturated hydraulic conductivity of loamy soils. The performance of the models was compared using
the statistical indices such as coefficient of determination (R?), root mean square error (RMSE) and mean bias
error (MBE). The results showed that all three models used have good ability in saturated hydraulic conductivity
modeling, but the M5 model with a high coefficient of determination over 0.95 in all three scenarios and a lower
RMSE than other models was selected as the superior model. The results showed that intelligent data mining
models make it possible to estimate unknown values based on ready patterns in a database. Therefore, the
applied models can be used to predict solute transport in soil and soil physical parameters.

Keywords: Bulk density, Decision tree, Soil physical properties, Solute transport, Water flow in soil,

1- PhD Student in Irrigation and Drainage, Department of Water Science and Engineering, Sari University of
Agricultural Sciences and Natural Resources, Iran

2- Associate Professor, Department of Water Science and Engineering, Sari University of Agricultural Sciences and
Natural Resources, Iran

(* - Corresponding Author Email: shadiheidari1990@gmail.com)



Iranian Journal of Irrigation and Drainage
No. 1, Vol. 15, Apr.-May. 2021, p. 151-163

1D

Oln! 523 9 5 bl & i
YOVNFY .o Ve Cadugurdl — (320595 10 alar Vo o

s 5 nde Wl
GIS s )3 SSleiow 58 Sy & Jow 28y,
(‘5‘%-0} 43\9'-5‘9) :L5°J.ﬁ“’ NLE.A)

A N %Y . . \ . N .
Fo o gl e dagrans 5 SIS 3 pee gl alB) L

WWAYAY 128l 55 o,

daS

Las (:L?Ul MATLAB u_.u.uyd._pl.s).s b 2 s d9 Sl T U9y Lfl>°)9 45‘.539) J:.w L;."i'”?) s)vl> BTy E:RTY

I Jeol @ls 8,5 &9 slresd alag) a0 Siiloiw ggo Gyt o] 1o o (iigy silo o lidyse slaedls ¢3)5lwal
oty yolaieds .ol oYL SB e ojled g 05 (6125w g cad (s> axlllandyge 039050 45 34y o) 5 (Sl ailbdg, (Sopd Slaseie
wljio Gloj b s o (olod sl yao jlade (185 jlai )3 5 gl byd plgiedr (939)9 SB)Sgyien ity b «Siloins 290 JB9) 4 2Ly,
il @l D Slalin grodls b sadplsl (il i 3illad oaimd lis wodelcuday lacdl)S .ai plodl (gilw Jio g5p0 byi (laisdy
b5 s i o3lizel (NRMSE) o 5,lukiul gl clayye 15k yin dR?) sy ANS) el 25 sla jas i jl e Jo oblss
NRMS (01 (slas jlado g ond s g 525 capd Vb o b Olgd s 5 0y55 il bl (6 5209000 oSl (gl Jao (S (2L
y yl Jio @l Glyicee 5 sl Jo)s3 2 (asllae €85 15 038" oo G50 oo (2lig) (il 3 Silatpw oo oo o ol o] ) (S

2l ey J.i.w &9 Cﬁl L L;Ltm\‘o'? 4

Ssiloisw ggo « il (6325 cupd «(2bby) cslroyd K33, 1 5alS gWojlg

$lg) BlSg)hn Jo5 g 290 b oo (45958 5 b (S5
sy Lhey b olgiise |y s ol sl o] 51 b Alais 5
4S5 el ol i (g (ol pordo 315 )13 Lo )50 s
03} (peo5d Comuwd (ol 33 500 aladi j3 GBS g 0 Glasuie S
I g aalsss alde das 93 (pl sla 15 9)am Labuwo 95
JSs oy by o o b awsdS ol 51Ol &S (6 pne Sluoguas
g 3s Jo sl (ITAY cggipe) domd oy 1y SIS 5008
P9 oS S SSUSS sl ) (2bbgy slaable os
N3 S Sy jloslitel LB WS (o0 (3 (2b¥g) sl )
Lo 03,5 S 5l glacgommo 1 ookl b ¢ 099 sloodld (lais &
Silwodls Glus 8 5 Cunlio sla 29,5 4 (£39y5 (sodly Jus
o Aaled (sl |y (Soalg )t (ly (slasl )b o lais s
2 a8 dbe 0l (2bVgy (S by, 5l St
5 )3 ptegs abslae p o 5 by (Ko dbles w59 ()]
45 Cl pioge atslae I (IS5 Siloinw g9 Nigd g0 485
Soiloismw gaso a5 cubly axgy Wb 0yl o b ool bl ses
S8 piege adslae 3 (Sualind (slooygd 45 a3 0 &5 (Soj

LYRUFY

2 AVl o5 Canl b b ) (S plysa OV oy

5 Gl SKiw Gllus dbul Cage g odb 7y les iz blis
8y = Fee slajiehl 59y ym adllan g gy 235 (o Jlo
el Cgenl Bl jlus ol Jlastiwl g jloe coga 45y,
CAled jolaie dy (yloj g K0 0 Jaw Glastiie (pox e
3 Mo (sdinaing g a3 3)90 glaiie o ) o] Bkt 1,
odos Pluwo 51 SO 1 )1y Jlgld Coonl cMw Cu pie 0B
st ot sl 35 o 1l g oo &S (G5l m wine )3

J._>|9 su] éél_m Copdo g (owdike AL, J._u.')‘ U_ul.uu)lf 4\_070] uw‘b =)

C)‘)?.l c).p(u&.n)'t.u)l cL;aM.u)l bl)‘] ol&usls ‘).@(ZAMM:\

ool Jl)'i o8 iily ¢ gt Mol A nlg ¢yl oe  wwdine 09,5 Lol wl =Y

Ol)i‘ ‘)e(-il.o)'tw\

et oMol 31T olSels «yguiaMal 15l ki (005 09,5 Lyl ¥

ol

(Email: Zakeriiau@gmail.com 2 gtane 0 g5 — %)
DOR: 20.1001.1.20087942.1400.15.1.13.3


mailto:Zakeriiau@gmail.com
https://dorl.net/dor/20.1001.1.20087942.1400.15.1.13.3

VPoe Calngu O3l = (98,959 IO Al ) 0 )lous ¢ oyl (inSB) g gyl a9 pis VOV

03,5 Jros 3390 Jow (b > Slotsw 9o Jie & o
3yLS aoly g g gy cpl gl B eV uoren Cal
And e ogls e |y g, cpl 5l ooliel walise flue ,>
a5l e & 095 35l Ul oloolSimm] yome 13 (sloo,8 adg>
U‘" P9 u]).: 9 gig) J) Dli:a.w.’.] LY) ui L)"’)J) 9 oli';w"] Y P9
1 as Qb Sldllas ases laicds b Cuond (pl 3 Jow
SlaroyB asbosg) adg > Suileinw z9e 09y 4 Jaw (b,

ool g ol Ed9e

L g, 9 dlgo
axlllas 3 90 5395
O 4S5 bl o Sad dplyd sladsgs 5l (S slroyd sl
o @B OY 54> YO U ddBs ¥ 5 an )0 YV oldlyas 5 0e
3> )8 (b Ak Ve 5 a3 00 T adB Y 5 a0 YA Jobo s
YNV )_")J d)s).c ul.u.ul 0dgl5te yd w9> O”l Caxwg (\ JSV»)
asg (il A0Bdg) cn S ol (slo B lhag, sl @peyiashS
Fog kS VY ol adgs ol 5 (ol aal ] Job g 2l oo 50
e YOFY LAV 5l dses ol odgioms jo glay)| Gilynss g 009
0394 > )‘ Cs)_> )l = ;‘)"" 45[5.)9) (:L' L' dbo)ﬁ d.:l>.)9) R
4 9 €Qlapeden (S pteg et oSl Cundiiml ;2 (655 pe (il
2 903995 yowo (b Jlod 4 g linly )3 glro B wlss) b
Gyl o ) W2y pl 4 S Bl Jlasl 5l e olbed oyl
Srngyiad oS! jl joue 3l a9 dlai o S > b &
23,5 o il 3y 5350 il b 50 3 e

ol oKl lgie a5 Olgn by o] dalllas 3,90 adgs |
g Cawl 43l olStu] ) Canwd Yl b QL] (6509 0ud Cowd
)’L:J .))99 dlﬁb)b oS ..394::&4’ JALM l) 0)9; 9 43)[{ ‘U)’I DK‘MM?" A
o=l asliey cslmealy jlas codl s LaolKiw) ol 5l e imgs
A5 oaliiw] ol

oS (g,

STEPNEWSRE ISR It Pres Pugse
L 29 sloaia b 5l O 103 9 pwe (392 SYsb
B35 o oeiisy 3 odlial L 15 bl gas g S ) sl
e 3900 i JUS b g e el 2 31y S Coans
P Gl 2Ly, plsil cae (Sdgyie Jue S Slatw
Gl Bua Ly o ol o aS il o JU 3D
Lol 005 1>l MATLAB 1381 05 50w 81)S g 0

zo—e by J odlawl L O by, (6955 0l oles]
ol a8y ©jg0 (Seiloisw goe Jho 2p00m ) & 2lb)lS
(Maidment.1996; Chow, >s-5 o)Ll g (sl oM 4 lg5 oo
b by y) )b g 5D cldlas jI sladises Jsd 5 .1559)
BEl ‘(\\"ﬂa) u;‘.?ub 9 )9"“"") ui“gi 1wl 04 03)91 Mgf 89.\990
)9_0; g aw by camgd o SO sla Jhe 0,8 @ glaalllae
‘_5_».3.70 CJLU ‘.\_~>].)): u.u)l_‘) uL\_M)] ug)l.a 0y )J)JT Adg> LS‘)’
o oles 5 Jadie it Solaiw gg0 45 35 o Jl S
Job @bt 1) plio (il (Bl oMo g
3 o3l Ly bl (oaif (s5bodend 3 (AY) el il
00 s gidS Jdo a5 0 i Soleius zge cu @ (38 >
ol =l glaanl b (gloand ) Jad B 5 Shoe 4l
WS oap 2 (W) (oL gealllas bl o ogm)
Ao 455,85 pasule Syileinw z90 (hg) 4 il 4> (b,
b LayLSy s Bl S 9,00 (g5lwand o Sileiuw zgo
ladllas )3 (AYAY) olSad 5 SIS oS Slaacly caslio
9 &Jw T JJ«o )‘ ol b L&MJB.)S) 0 oMew U.gL{JJS) L
ot Ulgs saiad s gaisd gols sl y 3l- pBiSole
9 hS)9 29 o5l Jols @l il Cono g Sisletsw ggo Jra
Sl goe Jio slajiehl )5l 4 (singh ) oo
FYOFY g s VEVY jo odoie YU o e i slp
=l by Al Ve (gilwan s Sl ond C])Do.w‘ Eolg>
sl sl ol e (il ©)lae & 292 o 1 S
g ol 3L (295 -8 peban b 2ol 2590 Gloj 9 b
(Vergara et al.. ass o olis S5 dges aab b1 o 6,550
2 Al bl (S g s Sl gl by sy
Se S sl 5 g ol adg Sl (S (il Jse
abaly 4 an gl s cob (L o) by, G159
2 e gy asllas 4 ol Bes g o () o (b e
sl 4o ez 5l SUlgy g ol 386 (o) 9 Slodsw g0 e
as ol UL‘M) CJLJ .J.M>|.)); u.)‘9h9u] Ia)‘).w 9 usLQ.m Lglm)bal Lv
s b jigy e (5 ) Sl )3 (IS ygbay SIS gy IS
Sl 5 195> 4(Rai, Upadhyay and Sing. 2010) <ol 5,05 b
390 1) Silairw ggo Lu 1) SUlgy (5,1 (gilwdnd (odogl )
Slois (53l Jre pisu )3 ok Jols ol 63 1,3 adllas
Olse 0 ads 8,5 55 5 ClAl 5,5 5 53 ke (58
Bly GBS0 0 b osd ol gjludms lusbe ly IS
ol 3l Sl ©ldllas 44,0 .(Chua and Wong. 2010) caol 4l



VOV i 50 Silodus g0 99y & Juw (2L g

360000

o

3730000 3740000 3750000 3760000 3770000 3780000 3790000 3800000
2 X s L x . L i

380000 400000

—t L o

o

L

o

=3

18

2

"

g

>¢

2

”

=]

£

S

”

:

e

5

o

&

5

L]

o

L8

[

I

(-]

T — O s

75 15 25 k(] —§

| o

v ¥ 5
380000 400000

dl&bjé 45[&.35) d&oh—qp‘dﬁ,@w—\ Js.w

Legend
—_— sl
B 0 ars
320000 340000 360000
9y , % _ = ayP
ot ox " 1=ay ()

in 5uD)J J._>|9 L;f.) q ‘ul))> k}o& DMJUL»J y LY Lf’l> »

. S, c .
o n3Sy B =gty [y Sl s
Oygo dny lgi oo (V) adolre iyl g dlold onia sl
((Alley et 355 > 05 (g5l aimns jlodlawl U (goae

al.1980)
t _ (q;_l_qui)]

Y (v

B
qj = a(yf) (¥)

129 oo ol (V) dlalee 53 (V) dolee (0,8 1501 b .l

B
1
t-1\F t-1_gt-1
(qla ) + At [in _ (ql 9; 1)]

t—-1 :
yj +At [ln - v

(¥)

Ax

ady BS9i whe lal)l dmlbre pslaie 4 Guieen
O A 03l Vo 45,9 ATCGIS 38l 5 5l e gloo 3 ]
095 5 w3l el laaids Jold & (63959 (slaodlsy (ol
Sy b b oy g Job il (SB (S5ddg)hen
A dunlie (g5lwdud GBS 0 bodd by, BT
Stk Glaye (ke ylo (prwlad claasls b S b))
— 0 s 9 (RY) s oy (NRMSE) oais 5 ikl
a3y ol 4 puis a4 b a8 S O g0 (NS) Sl
Ll 045

Gos o)) 50 48 Cul pitage daly 5l IS5 Sl zge
aogs 5l as Sl 1l as asgl oyl o b gloskw bl
255155 9 JSi V addllas 390 adge el Jos 4 (gloo,d ailsdg,
D9 par e late g9 5l JUI ghaie 5l b9y bl
25l allke aade cpl gly (b zae SYDlke



¢ Sl syl -

095958 M0l ) oledd « ol ! (LSRG g gkl 4yt VOF

) ool 48 sl Lt o 4 allasd g0 ddg> o laiie
Colegyd ad dewbre Soloiw gao adslee M g sl yiol )y
g5 & gl ddps (298 4 Jow Glolan (o) dnsbre jglaios,
B S Cyao Aol gy jb QLS &S ds g

asdys plaip JUK S (sl adio 53 6l S b
035 blad g JUB (> Gy il 95 93 52395 & 39
JLS ) b slaades g ool ) Sle JUS (59, (251 51
9y 0Bk Sl (8,50130 5 JUB (3 A pe pod £9 9 (P9
94830 &) b s > el Cundg (ol & Sle JUB
Obes LU Yooma 15V JSi3) ol cunsBly 40 Sud5 (0558
JS ol 4 Cuus 45 n aub 4o G 3 laanl
L o JuSiis 1y e B Colus e

& Ax =L, o5 3L (298 0 pbyr ly Shbs o,
295 home (3 i Gy Cunl e aio b Ly
25 g0 0303 5 alaly bawgs oye

5

3
= EI np'zglj%>5 + tr[ (qztmtl: -a5™") (0)

Ly
Gl yoo b ply pee; candVl il o by g, &
208 ly BSLS Geiee bawgs b QLS (SS9 58 Je
2 ol 4Bl dniog (059 yded e (sl Silotw g0 Jio
U (S s lS S g e 550 ddgs o 31
e 930 3 S s Csl (oo 0 9 (LS by s
et (BlS5d (Bly g (b JSS e bl b LS
§ el by S5 (slp cnlpl )8 o b Uy, 2l 5 (s,
sl 4Bl Ao (315 38 Jho G (mjp saest

1 | l | P : l
(v o a A
1 | !
l l [ — A~
| ]
XHJ‘[
! i’ » T"
— ¥ 2 iV
9ol L d/
n .,1 _I‘
| == TTES - -"’1 7 INE= NN l
JSGV ases - ¥ IS
g gy oy 3 UK casaVl sl o by Qp &S oo Yolre cddllas Dyg 0 ddgs 090 jLb LS (5,8 L

Cygloms 50 (wsj pdaw 93 jl Cllgy ¢ Sloj pB8 j2 )0 coins
sedolae > Jlosl 5 18 qf U adb dplona )b ool sl JUIS
D yasuie QL b d9b s ¥
dg— o.))_§ ool .)9_5 LgA;JUaA 2 5 9 |99> |) (595 (J“’?)
z=b 4 3 o (@Blilejl Jue 9 (Chua and Wong, 2010)
SOl adg 90 oyl dwle (gl Lidyge slaodls 3 oD
Ao elecwdasy Nanyang ¢yl s olSisly jo (—iulojl ol
5 Job yie YO a5 iolol Lisu Jlas ol islejl ol
o sl dbes ol cud yiopla Db 0wl o Y o,e
N> S bawgi Ghalojl Gise po Cusl @peyio YO tolejl (A
CewdYl slasl jo g, K00 dls go olusel o g V glasyl b o
LS dsge cwl LY cus chy e zglaw Casloss dbls]
SUE oo 4 a5 (7 VY =) Gl noj o 93 Jols 5L

gin 03l 5 dlay sy (i
Q = a APe (%)
Ol G g Miwd JUS 5 b g cole Q A S

(s i JUK S0 sl el JUK 190 (ol
G Se «Sile (55 uyd M & B =53 50 =

2Q
_+__QL

3ne

L .(Wong, 1992 and 2009) ¢l JUK o, W 4 JUK
Lo a8 obAx =L, 05l g cilwdus by, 5l ooli!
(V) cadoleo bowgs Qe (2905 Slyome 3 (23wl JUIS Jobo

g 0 03D

Qb = Js_/n v)

3
% t—1 g 1
neWe Qout +t, t uut Qo )
SR
A

c



VOO i 50 Silodms Zgo (o) & o (2ldg

9 00 (gilwdn s slaoaly )KLy SIM sl .cuslaodls dluss
bl S5l R? e coul slosaliie (claosly ,Sily 0BS il
OT Mo dS 0dg (glodaline 5 0ud (gilwansds (sloodld o Jas

la bl 5005 < 4 (RY) s o po i 42
Dy dalss layes g (g iogllas <83l oad (giluans
1o ;) "j Ol 331wl SO et L ol gy Hlade WS 0
i Ciygo)d 5 Gl ALib g3 (gilwdnd Jlo bl e
323Le bawgio 5l g 3gu5 odias Jde gl 4 a5 canl i o oy
ol 50 Sl — (i (b Al 0950 2940 odlitwl (glosnline

=1 - Zomyo*

NS =1 Z(ym—7)? ®

900 (&5lawdnds (0 YS wid sdalio 2> YM ‘_’JT » s

Cawl 045 dﬁjo)'l.\}] )J.)l.o.p u‘.i:Luo Y

015 plowl slo sty e sl s Slaype (:Siio S
e cgly & bl o 0dd Jao & b &5 Slaalin 9 Jio b
Pl 59,54 LSS s> 4 RMSE 344 o0 4185 5 oxile 3L
o S RMS sllas gly 00 dpwle dlie] ] anlg dae
Oyle a0yl dgng s l5e dx 00Dy degazee 9 o &S Cuu]
4y dS (048 5 old (dw i 2o s Slayye 1 S0ke Hds S0
i a0 e duslie ob b ) odelcunda oyo0 g0
ol iy Al a8 Olayypo sllas .S5Le

Hom|

RMSE = \[%Zin=1(Qobs - Qsim)2 (\')
5 035 (gilwded (o3 polde i yian Qons 9 Qsim 45

Gl slosalie g osis (g5loand sla 2o Dl N g losnliv
SrSojlasl asly Ly cwlio RMSE jluds a5l & asgily
o 93 (gl odd s lo (cla e oy o] Hlde duslie il puiie
asoly 4 1y RMSE jluds 1V gy dalgzs Cuwyd cglite slaisly b

01 Loy RMSE 1) )] 5 03,5 musndi diaanly yiio (slvodld
Giliseo (eln Jis diuglio (glyy )Limo o) .0l s(NRMSE)
Lo Ve 5 NRMSE a5 cul S5 a4 p5Y g dales Cunlio

ol Jde 09 3483 odimdyLis
NRMSE = — ¢ (W)

Xmax~ Xmin
S5 53 pole gy (o53)5 53905 < 0dd S5 gy pelul
ol 04 03)5] Y

1- Root Mean Square Error (RMSE)

2o el gl s (4 F i) cosl ol blote Llaties
59 O s 4 stalejl slaise ) Obly, S e Jie
D iuleil lagise (295 ol b sl osd oyl
obeyr o Sl esliiwl I L8 (S5 sbay e 29 oo
S i oS iyl oSl 3 5 0yllS paadoliiag S
o3l wl 3y90 iyl i (gl Wdgs JUK Byl 9> ya I e YOS
Niod [+ YA (gLt oy o by (b))l ey o5 28,5 )1)8
8 30l e (2bdig) dnelre )3 (595 (ybg) Cone /AN

S aleMbl sl albagy (awdins 1 pho Jluwo 51 (S
awle (gl ol (Bl cla U 55 Sgyhd Coglio 390,
5 Jims 205 355 5 b SOV )3 Gl Gas g o pus 00
Conglie (el (sl Miloo (935 Ol Caoglie (b)) cogu)
Elmy > 5 3l « Sl bl 1 sby) o)lore > Gl
P38 290 4 g e culpd ol Cunyd (1055 298 o0 03l
s Sisle 60 cupd Glgh ol 2 S SeS Gl ks
Lo Jgnp j) Logas (WAY . Luidb ¢ alel L5 ¢, Sid)) ol
Lo Sy 9 pobad Jsha (e ol daile)]
Sile (55 Gupd (0035 Gl 2l Gl 5 2LS Ly
) St aglCemdts lp Gimggy nl )3 D5 s o3litl
L (V08) 5n Lo e a5l gt olisly et b Siglo
Ol Silwatse 5 slaoyd ase ol ) 5 (aLS iy
ool el Sislo Co s el polie ) Jodo > cdolCavday
(Liu and De Smedt, 2005) sl oais 03] o)l (50,18

(Chow, 1959) Siuile yiolyly walie =Y Jouo

(N75) Ko cupd (21 6)8
il oS (lE (e (SN
JIA oS ol i L))
QAT o0 cely;
Al ol eely;

Yo omo 45 Cowl loj sl 0 (Sas,b lade (o)l cond
o 48 D9 o0 oy il gl b Cele p el o
Sk et g SN Hlaie P &S e o dwlbe 1P/t Cjgo
adlllas 3y sloolSiul (slagiyl sl Juo sl sl il oo
Syl ladbie O plealy 4 .05 Ol AYAF-20 o e,
o b slaodls Jlo cpl )3 39r ol o ol Jlo ol bl s
izl YU Y ol oyl caddllan 390 olSiuyl ¥y

Gl 035 03y9] Je b)) slaasls Lulgy 4l )

il 005 03591 A dlaily (D s oy drmole 0950

%Z?ﬂ(Q obs—Qobs)(Q sim—Qsim)

R*= (A)
Q obs xQ sim

)_3]).3 ngy Omd}bw 9 dloA.zaL.iu L;Lm;b Q ‘dJa.gl) &1 5



\fe

o gyl = (1905958 MO Wl ) ojledd « ol (LSRG g bl 4yt VOF

el s ol

|

e leaigg gl e

MATLAB ke s Aihd  |o

T ‘ .
|

N

| . L | L
et Ll DEM
= I.t.ul__._J

=leild

L] el

ke g

Sl it

ORRg3 (2,5 laged -V S

o=l o) el Jyw il g Jowo ] 4 4d9> Colaa
Gl g a5yl L8 aslbes gy Jale slanl o b g ailey bSB
] i3 Ao o dilaie maldl 5 ol O

St ey jlade (giloaie il ey 2ol SiRgR 5
VY Jliie oS M Al 0dd 03l 2yl hgy (wlwlp Sile
Job g s wnlune SleMbl solcwnds adlas 3y90 as9> (¢lp
Wl 03 035l ¥ Jgao )3 dadsgs 5 SSE 4 s> anl

L iGIS j3 amdgs (S9 b Olasuin jl Jols gls
72 b g slaroyd ade (5o 5 syl GIS (4l
A5 15 g clbanly] Cuniy ool bass
«slzo, )_..'>u1 EWPES u_.o‘l)l Ls)._s)Lf aid leMb) u"L"])'.’
sl Gblo g 3ol slacpe; 9 (55,9US (] Coluo p it
Oy dlllas D)5 0 0390 e SLS A il 4 il puimen



VOV i 50 Sl g0 (o) 4 o (2ldg

Slao,8 AlBdg, (Lades s SS9 58 Cluogad —F Joua

Coluwo

hol aalpl Jgb (i) adgs bawglo g5l T ) aog>
(5ol yio) (@230 yogksS)

Y/eY WA/ ¥ Y/5 V ades ;)
WIS YIvs \ W4/ Y ades )
\W/AA Yy ¥ VAF/) ¥ ase
/Y YO/ Y/o SAIA ¥ adgsp;
/SR YEE/ VY VOAIY B adgsypj
/Y YYFY/ \ OFIY § abg
V/¥A YYD \ 5518 Y ase
O/AY VAAF/ o YV/A A adssy;
VV/AY YIVA AYA ay/y q Aoy p;
y/ay YAYY/0 A Y/ Vo dogs )
Y/-5 .00 ¥y S0 W g
ARVAYN ¥.q¥ -0 SYIY VY Aog> )
v/ay YFra/0 \ aa/s W g
VoA YEY \IY SYIV VE adgn )
ARY VARV o5 YA/ VD ddgn
ANA Yo N Y VP by
vIY YAVY VYD Vi W adss )
V/¥A YE£O/0 \ DA/ VA by
YAVY yray \ VEV/Y VA ddgn )
¥y YFA- Y Yo A Yo adgp;
sI¥ VYoo Vo FI/va VN adg
VY0 YOSV \Vid VY- /5 Yy Adg> )
V-/SA yYYO s N V¥ gy
a/oF YYV- ¥ /A YE gy
\O/VY Y¥Ya/o \ /s Yo Adg> )

sy (53l Jbe 09 o atalie ¥ S5 13 o &5 s
03,5 Jos 339 caalllas 550 (coolSis] (5L sloodls I Jol>
ol a2l Uad zgl (00 (peesd )0 Jdo (25 .Cul
S pegydd slaoliul lm Jio DS o) s
Sl (45 (YL ke Sl odd 03yl ¥ Jods 53 canlllandyge
P NRMS ol sl Jlbo 5  R2) s oy {NS)

13 Satloin gy Jin 45 Canl ] J Sl 0 Jols bt
e <8y jl g 00, Joe (3890 Juw oLy, (silodnd
w] )‘.))9&)4.

I o 1S o 90 gy 4 o (2bg, S
Ul saolunl sl o (2bgy il Jie dvodls (3] wal,3
T whsy 4o slae,d aibag, s Ol Ly g 0ye5 il
43 ploxl (e Gl g5 (58,5 s 53 L) Slotpes

g M b sladS p blize ()b O jlol a5 (sl
099 3 s> g g 0)55 sl djl o) Jlog slod )l <o
A as STl bl (gladhie Ol o)l 51 (AYAF-1Y20 ) ()bl
03)gl ¥ Jgdn )3 Juw (0bgy (sl ord Ll g lasuie
Lol 0045

¥ US=s p a8 ab plonil o )B adg> )3 (obikig) ashl 3 4
ol 025 039l 00 Juols 39,5 BT g0



VPoe Calgu O3l = (98958 IOl ) 0ylous ¢ ol (SR 5 ool 45 pis VOA

Jaow by, gl XV ES4)] 2By Olasedn -Y Jgan
Mow SSTas 2> Wl b”i e Sl b”i Lwgio ‘:ﬂ Jw

Alo¥ \S[- 0¥ <153 war-yas Gl
\IEY Y/50A AN War- Y &b
YY) SYINEY ¥/ WAV o,
$\[- - FANIA YIS WAr-van  Olgs by
Bazaneh
18—
16
14 }
12t
o B .E 1 &

o
d
)5 |
g VRN
" R e
S0 100 150 200 250 300 350

knematic wave modsl |

05 ~ measured
I intensity
10 | 100
£ z
8 2
S w
50
1
L |
(& | \
ﬁ -F oL
s - . ¢ ——— :
50 100 150 200 250 300 350 50 100 150 200 250 300 350
Time Time

153 by 3 059 il ) 5 ing piad lSn] Sufloes g0 (s, 4 0348 (55l 5 (F1blite 155,000 £ JSAD

lgd Jy 9 8y95 3l Ul (5 kg i gLrolRiumnl Jio ) 25 € Jgsa
slade  adllae dy90 WORng!  aA LS

< [AY Gl
AN &3k
NS
~IA\d 0y95
'/\NV L.j’) J.g
AN (131
</a¥ &3
Phd Rz
-[aY 0y9
'/;’\ ugi?b J.;
[0 (i3]
o[-¥ %5k
NRMSE
o[+¥ 0y9

’/'V gT9> J.g




V04

o i 33 S lodows T g0 9y 4 e (U9

{ P

(A2l s aSa 5a) 525 s

(A oy pSca i) 238 g Sl

bt
o

12

10

1.5

.

Bazaneh

@ kinematic wave

1

@
©
1 1.5
(A i) Sl
Azna
T |l T || 1
(@ kinematic wave
@)

4 5 6 7 8 9

(A g S ) 0L



VPoe Clgu O3l = (98958 IO Al ) 0 leus ¢ oyl (SR g gyl as pid VP

Tureh
7 T 2 ' rpe - Y
) kinematic wave
—_— :1
6
5
4 -

w

(45 5 ke ia) 12 g Jed

O
0 1 2 3 4 5 6
(5 y aSn ) Slialita
Doab
100 T T T T T
kinematic wave
90 - — ] 1] i
80 -
70 | fl

(A,Jli PIREELOYH) EXR PPy

0 10 20 30 40 50 60
(A s caSiaia) Sl
i3l Ul g pog yuad ol ! 3 b b live jludo U Siiloiaw g0 (g & OVaw $S1as b (2liadgy 40 Wodld STy 4laged —0 JSUS
<9 Jy 90,98



VAN e 50 Sodleson mgo hgy 4 Jaw (2L

Cyc JJ.A 45 wl U] )‘ ‘;1) s(’/‘v c’/‘\c c‘/’\c 4‘/’0) NRMS
o sl 03,5 Jos 3850 Jew (2libig) (ilwarnd > Siloiw
ol )‘.3)95){ u)}UﬂA Cdd

aS aad o Lt odelcund sla)dges g o yadls )y
[P SRRYEC ON el oas Las ey 591 O3S 5 (2 Jae
ok Jdo (Snad 5 (il g oK) o dBlas 81)3 400
03y o y53-590 il o] (sl (ilwdund y> Jio oS 5l
YA G g (98 olgiea Olgd b oS! gl ool
LLd 4 cowl atih gilwans o gy slbas S oKt
by o Laolis! ool 5o Laedh el an |y gadge opl oylow
sy

oo Jio YL cBy 5 Uy snmd ylis ol NS ysboay
laroyd sl s ) (2bslg) (silodund 5 «Soilatws
lois GIS slad id 5 adlaie 854,05 4 dngl il o
LS Gl 45 A8 pasede b QLS adgs S5 5 ibatis
A gt S5 g5 cpl b sladdes 4 ) ol Jae

(OY0) Sl g jeiily Bl Gldlas  yimgh claasl 1Y
e g (SBLS ylaes,S (WAY) (0L ,u8 (IYAY) lgiel
(Vergara et al., l)lSen 91,L5,9 (slaaidl yiomen (VYY)
(Chua Sl 499> 4 (Rai etal., 200) ,\Sen 4 4!, < 2016)
Pl Sl gg—e Ja ol aSand Wong, 2010)
S2) ooy b g Ciw Yol b o (obd3g) (gjludnnd
LS o Aol cin S pMel isueols, Kl

&l

gy JEl 5 ol 3 DUlyy (o je (gilo 4 ATATY L losel
o oy dde ol eolaiwl L S Cljb ases jo
.ol),xj)".n ol ;L;);’fb 4l ub)> S lasw
Ol Ggple 03 ol g (sl 3585 9 (daw (b2 (samgd
YYO-YFA :(VY) V8 SB g Ol iils a5 . o)l

S e ot YWY Bl 5 alel oSS,
Uiy 3l eolitwl b dwlels pius py3 b jlgy sla JUI 5 Sl
POV (V) WY el (505 5 el 4255 1 SLelSS 2051
Aird

b9y 4t el ades obiey (S ey WYY ool 3
il oLl jie 550] adgs 3 GIS alyusg 4y Soilatows g0

2 gy > Leodly (ST Jlagel B JSKS 53 (imen

53 odd edaliio jlade Ly Slekow zge (b9) 4 0w piSTus
ol 03 039l D9 b g 0y55 il Bl (6 ke yauds olSiuns)

Bl (S b b awglie 3 5 568 slayldgel 4 a2 g5 L

Dot S 3 3550 0333 1 S 53 Kl 30§ ol

wbornlitio y3lio b Lo b, 51 Jols sdsoralia olio

20,5 o A0l

& 5 4o
9 Sl b b ek 3 S M aS) 4yl

L) b W S (oo 0bul ) (il Sl 5 e lilus
ol jolatedny Jlaisl glacMew Jlie ) by, (Sdg)an
P edbo Jbs g Gl Ly g b 5 g)lje 4 03y lilus
2 M S jadaie ay il cawnl 3l @ilag, b
Cblis g (rizren g laaty g bt Cudy d2bd b g by,
5 5 ol w5 i) et bl py¥ s g, cloe,lS
Job )3 1) adlllaesyge adlaio 4y (29,5 5 (399 Ol b ke
el Jw (b)) Joee (2l 45 3500 (e i oo
0P 42 UigR ol )3 )13 3929 yelate pl 4 (Jlite (slasdy)
atly (o Alhsg) adgs > oo (2bg) 4 Sleiow zge
Lol 04

S sgs o § WS wlng, Suj Slaseto ) ol b
e o)led 9 05§ cupd g cuwd Syl adlllandge 039
9 Jew g8 Jlinl dalpd (pl (992 oS b oSl (YL S
Do by 4o > Uy,

ol 62909 4 392 D> Ly (6 5209)0 oSyl as> 295
o=l 4 0ys g 4l sl og) dw (slaodly 5 0gr a3l s o]
W Joe > Ol s kil ) )3 S (e Colin (295
A 8 36 cov |y (00 g ol maw o aaly wlgy e aailBsg,
45 (Chua and Wong, 2010) ous sob oldllee gols 45 axgil
9 03 Sty «Slotw zge Do) 4 (bg) g yobate &
B g 485 )l )3 duwlore glp adg> CulS 5 o Sl £
BlS g il Ly g b Joae Wae cul 2 g0 (gl ol
oo sl o e (535 jlai 53 g gl byd plgieds (63959
b9y iledde siye by e 4 4l jho loj b sl
b el Ssladew gge 09y 4 oo )8 WlB2g) Jew

plosl (gjlw Jae ey sy L wdelcanda sladdl S
Sl Jae G o) s o 0g Shalie ol b S
oyt YL ylaie Olgd g g 0y il Bl (g gy dem ol



VPoo Calngu O3l = (98,958 IO Al ) 0 )lous ¢ oyl (SR g gyl a9 pis  VPY

complex terrain using GIS and remote sensed
information.  Journal of  Water  Resources
Management, 19(5): 605-624.

Maidment, D.R. 1996. GIS and Hydrologic Modeling -
an Assessment of Progress. The Third International
Conference on GIS and Environmental Modeling
January 22-26, Santa Fe, New Mexico.

Rai, R.K., Upadhyay, A. and Sing, V.P. 2010. Effect of
variable roughness on runoff. Journal of Hydrology.

382:115-127 .

Vergara, H., Kirstetter, P.E., J. Gourley, J., L. Flamig,
Z., Hong, Y., Arthur, A. and Kolar, R. 2016.
Estimating a-priori  kinematic wave  model
parameters based on regionalization for flash flood
forecasting in the Conterminous United States.
Journal of Hydrology. 541: 421-433.

Wong, T.S.W. 1992. An Introduction to Kinematic
Wave Method for Storm Drainage Design. Hillview
Publishers, Singapore.

Wong, T.S.W. 2009. Kinematic-Wave Rainfall-Runoff
Formulas. Nova Science, New York, USA.

5 ShsltS pole sl il )l (wlid )5 asbibly - lilS
S b @lia

& rlllie 5 & Sl (iseyrin oy (LS ploarS
5 Jao jl oalaiwl L aailiog, ;0 0w (obsg,y AT
Olgs aslidg,y 16350 aalllas) 18- plESle 5 Kilotns
A (V) 5 olpl Gl imgs aloe ((olaowo

ul)Lm.ul ub_ee .39.) J_l> 'LS‘))‘.)‘S 6)9J9).\;.m Avay £ ‘69.}.4(47
P F¥Y u‘).ee oKiisly

Alley, W.M., Dawdy, D.R. and Schaake, J.C. 1980.
Parametric-deterministic urban watershed model.
Journal of Hydraulic Engineering. 106, (HY5): 679—
690.

Chow, V.T. 1959. Open Channel Hydraulics. McGraw-
.Hill Pub. Co., USA, 680pp

Chua, L and Wong, T. 2010. Improving event-based

rainfall-runoff modeling using a combined artificial

neural network—kinematic wave approach. Journal
of Hydrology. 390: 92-107.

Liu, Y.B., and De Smedt, F. 2005. Flood modeling for



Iranian Journal of Irrigation and Drainage olp! S g 6kl 4 s
No. 1, Vol. 15, Apr.-May. 2021, p. 151-163 . AV-IEY .o AFee Coliguy syl — (20,59,8 30 ol Nolods

Flood Routing via Kinematic Wave Theory based on GIS (Case Study: Ghareh-
Chay River)

M. Rezaei Anvar?, M. Zakeri Niri?*, M. Sohrabi MollaYousefi *
Recived: Oct.28, 2020 Accepted: Dec.28, 2020

Abstract

The purpose of the present study was to determine the flood Routing kinematics of the Ghareh-chay River
that is done in the MATLAB programming environment. By providing the required data, the flood flow routing
modeling of each station was performed by the kinematic wave method in the Ghareh-chay River basin. The
results of physical characteristics of the river indicated that the study area had low slope and roughness
coefficient and high soil curve number .In order to improve the kinematic wave routing, modeling was

performed with input hydrograph as the initial condition and considering zero value for all zero-second
discharges as the boundary condition. The obtained graphs show the conformity of the modeling performed with

the observed data. Nash-Sutcliffe (NS), Coefficient of Determination (R?) and Normal Root Mean Square Error
(NRMSE) indices were used to evaluate the model capability. In the results of the model performance evaluation
for the Hydrometric Azna, Bazaneh, Toure and Pole Doab with the high value of Nash coefficient and
Coefficient of Determination and the low error value of NRMS indicate that the model The kinematic wave has
been successful in simulating flood flow and has good accuracy; and it was determined that the results of the
present model can be generalized to basins with this type of shape.

Keywords. Ghareh-Chay river, Routingm, Manning roughness coefficient, Kinematic wave
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Abstract

The present study was conducted to provide sustainable solutions in water resources management using the
concept of water footprint and water use efficiency of barley at the national level. At the beginning of the study,
the provinces of the country were classified according to the Dumartin climate. Then, green, blue, gray and white
water footprints in barley production and water use efficiency in different climates and provincial centers were
calculated during the statistical period of 2008-2017. Also, spatial and temporal zoning of water footprint and
water use efficiency were performed. The results showed that the highest water footprint of green water in the
humid and Mediterranean climate of the north of the country were Rasht stations (592.553 m3/ton), Gorgan
(570.86 m*/ton) and Sari (543.53 m%ton) and the lowest In ultra-dry climate, Yazd station was obtained with
124.21 m¥/ton. Zahedan station with ultra-dry climate had the highest water footprint of blue (787.01 m%/ton) and
Rasht with humid climate had the lowest (86.73 m%ton). The highest amount of gray water footprint was related
to Zahedan stations (390.4 m®ton) and Bushehr (390.11 m*/ton) and the lowest amount was in Hamedan station
(239.67 m3/ton). In terms of white water footprint, the highest was in Zahedan station (1956.2 m®/ton) and the
lowest was in Rasht station (515.599 m*/ton). Spatial distribution of total water footprint showed that the highest
total water footprint was in the southeast of the country and the arid climate and the lowest was observed in the
northern and western parts of the country. The results of water use efficiency zoning showed that the highest
water use efficiency was observed in the western regions of the country and the lowest was observed in the
northern and western parts of the country. Therefore, according to the obtained results, it can be said that the
northern and western regions of the country are more suitable for planting barley. Also, due to the lack of water
in areas with dry climate and high water footprint in these areas, barley cultivation in these areas should be
avoided. In these areas, cultivation of crops with less water requirements and higher yields should be planned.
Barley cultivation in these areas is due to the high tolerance of barley to salinity and low soil fertility. Therefore,
it is necessary for the authorities in these areas to plan the cultivation of crops with lower water requirements and
higher yields and tolerance to salinity to replace barley.

Keywords: Climate, Green water, Relative water supply index, White water
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Tape and Strip System with Two Continuous Flow Regimes and Decrease Flow
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Abstract

Today, due to high water consumption in the agricultural sector and the water crisis in the country, efforts
have been made to improve irrigation methods. Given that agricultural irrigation is still superficial, it is
necessary to find a solution to improve these methods at a much lower cost than pressurized irrigation. The
purpose of this study is to use SIRMOD software to determine the optimal values of design parameters such as
length, flow and cut-off time in two continuous flow regimes and flow reduction in strip and stream irrigation
systems. Using the SIRMOD model, 25 and 50% of the actual values of field length, inlet flow and cut-off time
were generated. The results showed that with a reduction of 25 to 50% in the length and flow rate to the farm,
evaluation indicators such as application efficiency, storage efficiency, distribution uniformity, increase
significantly And runoff ratio and deep penetration ratio were significantly reduced. The results of the effect of
changes in tape length on evaluation indicators show that the amount of storage efficiency in the range (-0.5 to
+0.25) is almost a constant value equal to 100, but in the range (+0.25 to +0.5) The efficiency has changed even
in some places to 80, and the application efficiency in most furrows is a value between (90 to 40). The results
showed that the flow reduction method, while being effective in increasing the evaluation indicators due to the
interruption of water flow by the farmer after the end of the progress phase, especially in strip irrigation, did not
have a significant effect on increasing the indicators.
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Multi-Objective Optimization of Cropping Pattern by Emphasizing on Water
Footprint in the Eastern Provinces of Iran
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Abstract:

Increasing the water productivity by cropping pattern optimization is one of the best ways for development in
agriculture. In this study, in order to maximize farmers' income and minimize blue water footprint of wheat,
barley, alfalfa, and maize, the NSGA-II multi-objective optimization algorithm and United Nations commission
on sustainable development’s indicator has been used in four cropping pattern scenarios in the 56 cities of the
eastern provinces of Iran. The results showed that in some scenarios it was not possible to fully achieve these
goals in the multi-objective model. The results also showed that the production of 50, 75 and 100% of the current
values causes a low, moderate and severe water stress in the study region, that on average, save 55, 40 and 30 %
of the region's water resources, respectively. Implementation of this model in the study area would increase
revenue, reduce water consumption and, consequently make more environmental sustainability.

Keywords: Blue water, Green water, Multi-objective optimization, NSGA 11, Optimum cropping pattern,
Water security,

1- M.Sc. Student, Department of Irrigation and Reclamation Engineering, Faculty of Agriculture and Natural
Resources, University of Tehran, Karaj, Iran

2- Assistant Professo, Department of Arid and Mountainous Regions Reclamation, Faculty of natural resources,
University of Tehran, Karaj, Iran

(*- Corresponding Author Email: khahmadauli@ut.ac.ir)


mailto:khahmadauli@ut.ac.ir

Iranian Journal of Irrigation and Drainage
No. 1, Vol. 15, Apr.-May. 2021, p. 199-210

1D

Oln! (523 9 5 bl & i
1AA-T1e . AP e Caditusdyl = 3858 A0 Al Vo ylonds

di.h}};—wkb e
zlol ale 2ol GRLTL LS s Sledr 5 gl ks J1 sanllas
Flow-3D (gsds Jue 3l eslaw! b

3 . A - . %Y . \ L. -
ol Ol 5l B (gLl deass O Kee (5 955108 M0 ¢ SIF G AL del A

NAC VAL SRR AIgE

VWAYAITY 13l 53 s 6

2SS

Sl (LS (g 5l (26 toglie 5968 Gy | (631 0ol G I L Gpituns o g Gt (LS sy oloe Ol Elsel sanus
w815 8l il Coms LBl g dwstin Ale Gide sla Shg jl (b (aLS by buwg zge (ol Mibi oo glgel g5 Ab oS L ol jon oS

Olod 5 gLy 151 Sl (imgiy )3 Mllion Zge S g e (62909 90 E] A8k zge Ll (pizmen 5 e ()] g (i
l_g LAL}K )9_|a.uo u_)‘ L.S‘)’ uB)f )l)B X D)9 ‘FIOW 3DL_5.)..\.C J.Lo )] odlazwl l; CI?AI L&"‘)‘A » )u.uo &l.m)l l) L_AJ-AO u.s‘bl..f UM.MJ}J uw.h_m
odliwl 3590 zZlgel (olyme 1 pito gli5) L lalS 1515 5l dalllas (ol WU and COX (2015) bawg yuiw 5 V-/ACM o,e 9 ¥A-CM Jobs
Oglate zae Hlaa Cov (SIS lods g il 4y oligS o wlisS 4 il lods Jold Slods aw 3 Slas (g0920 9 A Jdo sl 48,5 1,3
3 (e (a3 Olaie & gge Eli)] (g cnl 3 oS Cunl S3 Y 2SS S gy 3y90 Bl (aS sl £95 5l (S oS
L 395 5 ) zlgal 5b3, a5 wimd o L JUI Jgb p> cuglisie calati jlan ) zlasl £las)) (g puSojlal bl p osel Cowds gl D9 o 48,5
@l 295 glyel (2l Gl 4 omie (93b5 4o U Wl oo (LS iy duwdin )3 jui 5 9 WS (o Cund (0B ol glitie slaglor

e Jo > VIV B olye 55 s ceel Blg5 oo olas)] lodin 13 o &S dad o oLl

e Ll oree A8 byl g3 Jolgw bais > ol 4
2 2l S8 Wl Juolgd g b cglis)] i 1 gadllas LS
2 ogdle WS (o Jolo 4 39)9 plSn Zge JU8) (13T g (S
Ulgs o lelas )] (651,38 Caliso Y &S adly L 455 oyl
2 3 glaaad > oais pbol Gldllae 4 as gl WAl o pol>
layiio olgan @lsel (alie y o] Sl (ALS (s de;
ohSimgh bwgy &S cusly Jdd Sl > yles oo 1y o35
L aslw BT VE QYA UL“’ U"] 9 Silods W29 axllas calises
ML & cusily oo Joloe 51 (o Glin 35 1) it gl L
P alS e jisg o adlas > Sl yids ol @l
sl ¢y, Siimg s (sladyabuwd & IST L odds rw Lyirgh o]
ool Jos 4 Slaiss gols g plool Aliue ol & Cuns LolS
9 3 e S-S Ty glag ooy QRIBEN byl 5> canglia
8) 3w )8 U Coui 1) (IS5 g g el b e

Toe o KapeS ewdids ok ¢ LS e 1 5lS W 0319

.

LY RY-T

olals 5, Sles 13 (k295 B S Slg5 oo &5 elgs 5| (S

W l_:a‘_’j SAwlid 5 (65,18 (sog0 i dwsl Jolw
-0l ) i 50575 5 et )l b QLS (il (i plor
odp) T30 S35 2da pogde LS (pl DI olien S sl

Lyd (wdipes 03Sild o Sdgyiod (clmojlo iyl (owlid,lS 4 gol sl —

Olrl oretia B i B (2lyd (g8 9 psle oS

058 5 pole oKl awdige 0.Suily ¢ oL yd (slrojls (flyes 09,5 HLskuwl =Y

Olnl redie B o p (2>

@lie 5 (55,91 ud e IBLT g (o)l (dine 09,8 (655> (gomitila-Y

I @S ol oSl s o

Sl 555l 5 Sl pslie esine 855 Slalllas ol )5 -F

(Email: sazehenteghal@yahoo.com (s o g — )
DOR: 20.1001.1.20087942.1400.15.1.17.7


mailto:sazehenteghal@yahoo.com
https://dorl.net/dor/20.1001.1.20087942.1400.15.1.17.7

VPoo Calngu O3l = (98958 IO Al ) 0 lous ¢ oyl (iuSB) g gyl 4g pid Yoo

OBg3 cnl )3 IS 1B gy 3)50 o D bl 53 Cogus)
Ly S ol ol aailiSs (gl b alal, 1 (3Sikis dulie gl
5 bl Ll Ladlis o)lub als calow] woyd yiol3l
P9 gLl S (LS Jidg 4 barpe SSE (g)lul op pui
= P Qb dopd it lagjlu 31 (WAP) 595 9 (JLab
by L guls .6l J1y8 awyy 3y80 5 (gilwand |) S il s
ol el e g aLS sy (shopd Yo gV N Lials
s s aaled dalais o S ioleyd sdue > AY 5 YO Y
miaia LS Lide oS5 S (IVRE) oliSen 5 s s
A5l )18 o)) 0,90 alilejl g Ty Laale b (sla
laglisy) 5 alS Lide o515 Lialsél L a8 o lis s
LW e 4 OBl s 4 Caus b ya (69 i Cas o ccalieo
- S Lo )s AVYA B OYIOF 1y s clalé 5 ao s YA
b

LS Gide U (pdmggy ) (WAT) GllSes g 3l gaesns
idg Ul g Jel jl s glaal @ pe Sl ials
Ol @l Sl 5B cw)p 3j90 1) Elgel 908 0l 3 (aLS
9 &9 S35 52939 Eo— ELE)] IS L &5 o plis 3uioS
i el g 4Bl (I3l (s b zge 2y 0 aw (ioeen
(V748) hlSeon g (o)l 980 idey bawsi 9o (Sop yid
USEL 2ydte oy gloal G950 (alpe 22 (olo (LS (s I
Ol gl ol @lts 0> )13 (y 3)90 1) Jlaned Jolge )
S9y y= 0b Jloel (69,5 (939)9 g5 L)) LRl L &S D
L 4 Sduw)y 450 cpl 4 owiomen byl b o il 8l i
@ Ohdg 9 bl 4 Cond 05 (9,05 (LS Ly jea>
P ko (LS Jidg bug zee (2l (o) @ 298 Clidos
Sl glsie 4 (BUS Jidy o5 WS o g wisby Jolsw
Ty i g (3Pl Rl el WS o0 Joe e )Ll
e oo lS ) ol 4 (639)9 z90 £ g 39 00

—a i & o olow jl cblis die) 48,8 O)ae Gldllae jo
bl laojlu (B (ke 0, 5 aorecinj sl
mlag e Cponl Al da g b ] ol do gl oS ddlaie S|
L;Ltbb}tw elsl AS.«JI 9 u..{lg').) 9 c_s"] dtmb)'lm Oy Cawgd Cum )
33,55 ddbaio piawwsST 3 (KiBu; pb 4 el Jolgw | cbles
Dby U (S9-S5 Cunnl sl 0db g 35 ol
Cungjlagme JI3uwgd (p Kl S5 plyie @ glgel 2l p 2LS
..)))5 ) L)‘ L) w]a dl_bao)".w 9 A)S‘“’Cﬁ" dL&:D)’L\» Lgl)g
b Jolp jlcblis 5 (alS Gidg Sl oy p G5 cnl ogly
Al e (Jrecinj glaais 4 cole

b alS Lade jl ool LIS jsbody (VAT piie b 5 (sais
o5 G o aome byl il & (S )b o Glaal 4 as g
Sy g () ol 9 CBlS by 0l g9 (SB o pdy
mabaly (3)9] Sty Sl B gl ) (LS Lide ()l
9 895 b 9 oy g Bos b 0l (g o) o
el S cblis ol oS iyl 5 (ol Lids lis)]
b g9y od e Sl SHB )bl o > @Bly (g Sldg)lS
Ssle 5 355 (6305 walpd (sdes0m0 (sl)) uwl.aj ol Jeols
Ml s > e 9 (Cook and Campbell, 1939). >4
2 Gyt b 3 1) Cilis (clalgiol cladle b LS Cuoslis
S5yl iz lagSl 4 oy (LS gols 38T gy 2 ol
‘_’JT —odle )b s 0 g ere 33U slalginl sladdls
Slalsl gladdlo b g) copd o sln Sopd glodse
oy ol yiygy dilaie calisre (gl 0 dwlrs (glp ¢ Buis
2 o g I olagss (Li and Shen, 1973) 545 o (o3,
LCWR l_’ ‘3)!&0 OLS 4_(9 dl)J Sl w)..o d.».wl?u uo9..a.’>
S (FP) (2L by (6l () cuopd stmmsle (so9Me &
$9y = aBislejl (callas (Li and Shen, 1973) 3 gy
o3 (clalgzus] (elnals 5| odlizl b 5,Sole ol gy Jdo
dgds A S ol i s «wd S O yan (Bllax] yols) Couw g
Slye by Gidgy ol Sl yoe > 5o 5 203 Fe BN
o i bty b > (Kongko, 2004) 45,8 Slytus (553
2 S ) i (H) 50 g)] @ (LS) a8lo Jobo s b (580
2 &9 =l (LSIH = 0.75) 5 psitune (ctidgy Laalpd b sl
Augustinetal. ) .ob o (wli 8l oo Voo IO 120 o
5o 5550 Bl 4 ol ol alEile]] iy cadllas (2009
o g ol o) S S 0515 ol 40 (S
S (Furukawa et al. 1997) 5)l> csyd (a5 jhad o (yide

45 et 4y (2L}l 5 m a4 (o330 (AL g3
plosl (LS by J1 (86 S 9o s 5 (g oS
E55 90 L ki yuf g Byime Clbs g0y by WCuwl 0l
0l (g5l Ao Cllasil yony Coww (g8l 5 pdy Bllaxi] dBlu
Ol Al (sl " skl L (65985 oy ol 52
Sy ookl 550 iy Collasil alS ide 5l 5L Sy g Bl
5 e caalls (Kutija and Erduran, 2003) s_i 4,5
S bug oad colol 9o 5551 (lie 595 2 (2B
390 ST Jolguw 5l clblix 3 1) (bg) cnl (2B 9 )Kle (Jolo
2 (W) o) Sen 9 20,5 .(Harada and Imamura, 2006)

9 Ulyy ol 21y (2 iy £95 aw o515 51 293 Cllas



YoV zleol ol mo i pliie Gyl b (BLS Sidigr (ylodusr 9 gLl puid 51 gandllan

Dby owdits ol dalllas gy dwiin fles | o oriwious o
V USCS 5 el 03 o3l glgel (e 2 peite lisyl L ol
Ve/Aem 2 ¥A-cm 5 S5 5l aegp ol

WU and  ligiss wlwl y 45 1) 5683e sdwiin ol jl oo 0o s a2 5B Sl gy il 2

) ) . Wu and  lewgs wdsio YL 4180l clbl o8l o 5 i &S
Casl 005 51l AUtOCAD 38l o3 jl eslizul s o COX (2015) 1 b s s L

oa <a . g A 0

5,5 )5 o3kl 3y90 FIOW-3D 38l p 5 )5 oxiwcono lyt (et g s TR O ‘;”” e x (2015)
ol Simgis 50 ol o odldiwl 8 )5 518 salaiwl D90 zlgel
UW‘)’“‘:J‘S )‘ o9 1AW J.\o )1)9‘P)J )‘ odlésiw L s)9§M ‘1:91.9 ‘..\.ul

W g, 9 dlge

.39‘3@ odalie

Tl (2o 32 LS 1515 1 gandllao (gl WU and Cox (2015) bwgi saws a3liuw! (g dwssid - JSG

O odlawl dy9—0 dl_lbctBLw )_las ol 04 z» ) J5A> B C‘yn] D9y l_: ‘LS)—’I &9_: )l Lk Ty &9.5 ¥ BT L)”l dl).:
A 48,8 L s yeddee o= Slastin g cul oad ody HLis ¥ IS ) zge opl Solews
e b
/ / s £l
./'/’ VV\\\_‘__/,/"", \"\‘_” / &
PR LR
z9e Job

Sl T Silowi - UK

axlao 3,90 C'9‘°' Olasuin - Jg»

n H(m) Tm) Hyem) kh ka KC
) WY -/¥ 7AW V2 SERYAL U B

Y WY -5 VIAY ¥ Y Y

¥ WY \ YIAY A Y FLR 7

™

VY \IY YI¥Y ooy <y ¥o




VPoo Calngu O3l = (98958 IOl ) 0 )lous ¢ oyl (iSRG g gyl as pis Y0¥

8 Joo (Swlous g (ygawl 5
0S5 9 99 Sllas lul p (Priwcone g Gerl BB Gl
YFem els)l & a8l YO+ Jols ibgy (WU and Cox, 2015)
Vo/¥em (o ,e FIAM Job L pgls sla-cm Job j> omm s 4
aS 0 Sl o ot ggi 5l ibay 4 oad oanl zae 33,5 oo 3l
L Jde (b 5l s bl oo <155 390 L VAVEM ] gl
FIOW-3D Ly e 4y Jao Js! 3 AUOCAD 58l p 5 5l solizsl
J> s b A5 0 bl cunlio LAV 888 b ol piY
b 49).«04) 9 ewslio 0 ‘S:Lo) )Jaa )] cu_‘?lf Cdd uw)‘.) 2 D9ML
B (58,5 5 50 b 55 9 4ol o5 Goe g e 3k b 4 g L
O O b g dbul (gan e (a8 90 U cnl Gl daddle oS
Sl g 2lud ¥ Jodo oy JBlis 4y 55 a8 > by s Laas
S jl Jols (ke (sllad ljee g oadaiz )3 jas 5 sla st
S 9 3 iy ol gl 45 sl (S5 4 pY amd o ol
el U sl 5l a8 i awss oS Cawl odds oolaiw] (gais o
el U syl ol Loy aSud (ppo90 5 9o Jolis |y JU
Ol d9dn ol ¥ gz 5 & jshailen il oo Sibgy
Qb il 1y cds Slaolxe (a8 dlal 18,5 ,las 13 Soe8 L
@S Slnl A SaS &5 8,8 L5 3wl 56 1y a5 ol Js
Oloj I3l a5 g Sluwlome (sla ol Sl Gl 4 joxie
¥ solesd el iV Joun 3 9B oe aSud ol S sl Y
e g B pogdhe |j dl e (ganpie b oyl
Ol &5 298 8> il oo JoB BB 5 ol U ln Y olej
Jiie ol 31 Slabrs sllas olel ol 53,5 ki, 5 SasS |
byody o plonl GLS ol pogyle; i & (Jg )5 528 50

W N

OBl 9 5Ledyee baulpd (sluand 5 JUU (b I e
9 = b Jaboo an  Slwle aSui ly conlio Dl
5 0 9 99 Sz gy g il Jol @l b gl anglie
s dang L dales adly,, (Wuand Cox, 2015) uS'sS
2 o 4l o> clls oo il e bl el b5 20 sl
o=l 90 29 e odliin] uiwcouo g gl S 6l Y gl
T EL5)) Ao S aal p 2 )3 g )] Conns I Sigy
) dayly) ol oas oL Janl (Ky) jel)b olgie 4 (gl

slaadlon jlaslojle Jiagin (2l 3 (ooyp 2590 Olode

b o)) el aw a8 Ghte S il b el (slaslgiul

§ it sl Sy o allan ST 5 2 4 0 S
ol 00 001> L dmy glajisw ) aledes oy

slgS 4 il los Cdls -

sl Jol canny a3 )1, 8 cladsle clbs oyl
b pgy casdy sladdln wisb o YFeM b ply elasy) o yails
b a5 pyles slacad)y 9 N CM pows cad, AYCM gl
el owdin 5ol ) alil o FCM g ACM (5 4 glis)|
A.em U JUK gl 51V ¥mM galols | s cyiibgr g958 6
Pl p s Ly o )3 398 @83 by o o] Lglie o 51 e
A by ey (6 ddads w0l &) gl 4l > 5 Flow-3D
i los Y SS9 o0 48)S )5 )3 oo clive (lgie
dad o s 1y e oyl ]

sl a4 8658 plossy U -0

-olisS" ghls Jol canny j0 a8 )3 13 claabls clls oyl

b sy an oo U pgd slacayy g SCM L ply glasyl op s

e 66X ol sl o VFEM AYem Y -em Acm gl

U JUK ol 51 VM galold jl a o by g9y (gelais

5 e dw gl oY S5 b o ashl Lglize ol 51 e A-CM
N ULM.' 1) Ol‘“\ﬁ% Of’.l

S350 ol b -

o2l sl ey o 48,5 )13 sl Job <l ol
8l Jlyte (ped 4 IS (o0 puS SagS 4 S jlg sl @
o SHim iy e sy gl cndy oSep pgd 3y s
iy 9y saball | iz Sl S o i S8
Ligliza o] 51 G eCm b UK (slasol 51 VM galols 5l imy
-0 by gleds cpl il gam dw sl =V S Wb e sl
V-5

bawidid )5 s 40 (gld i dlasl g i Y Joua

(20,3) (be g Kb S Jgw JS Slass

(M) €58 6l slayl (M) Lol aSeud sl 1

Vo/¥ FIAS
A YVAOYY -
Y/ yYavavy.

ey )
AR e Y
AR JJeed v

—




Yo¥  glgel @l plie Gl b (LS iy plodaz 9 U1 s 51 ganllla

obigS 4y iy 4 obigS cle 4 bgyje (sms s (sles —ill

by 4y oligS s & bgype (gum dw gl —0

S35 s 4 by amaw i ¢
P g ploda gamaw glod -F JSs



VPoe Calgu Ol = (98958 IO Al ) 0 ylos ¢ ol (iSRG g ool a5 pis Yo F

2GSl oy yiege &S S cpl il o Hlas (8 ys Wao jlas
Elosl (2o o920 gouind (i @l > dl e p3l iagh
)‘ u_uul.: JM.Q(_M)‘ AW 9 u.!bLf uwy (8029450 d D99 )l o=
X=e/a g X=ofo X=2/y X=+ gabads Jloa o zleol glas,l 4 S5
9 wlassy jl polie u;l C‘)"“"‘ o Gl 0l (658 ol
CFD (b9 4 gl (gamlone 55 5« uSsS (F Ui 5 99 Sz

ol 005 ST Jodo 0 polie plodd dwlos las y0lds

11

1
0.9
0.8
0.7
0.6
0.5

KV

0
—— ol (A g 1.005
—— S S 5 g9 a5 1

H(x)
K, =X
Hs

FUSCs il o ¥ S 5 o &) & jgo 4 Liulojl gl
oS ojlul (gabais jlor 3 1) (Ky) JUl jiehly yuss o920
by 45 cowl olaguSoilul SG ape laged s o ol
Yl Sl oBiolol > (1S5S (5 S0 9 99 S (59
S5\ Jsde b Y ojledd gge cllo bl 1 5 lSs) oS
Py 4 &S Cul olagySejlul JSS (g5g) Jlaged 5 Ailesd (S
5 S Sl 5l gyl il 5 ok (503l CFD

()

X(M)
0.2 0.5 0.9
0.93 0.78 0.58
0.91 0.77 0.61

ol Ligi jl Jeols gl b WU and Cox (2015) colallle gl dwglie £ JSu

Wu and Cox (2015) Ligis b dmslie 43 pols idgis 10 s o5 gdmilow -Y Joan

s 450 _ . . )
. Wu and Cox (2015) gl ol dgh gl 55030l bl bl o jlows
[0 \ AVRRIN \
AVARY /2 +/A¥ Al A
AJARY A% +/YA [0 Y
¥/ /5N +/OA A ¥

Y o lowi Z g0
oS 0lsgS 4y il o lis)) plody s aw 310 IS
b cnl )3 e e 0Lt N o)ledd gge (alpe 2 1) SIS 9 ik
g olisS @ ail b bgje (ole (p i & 390 odalia
5 9 dloe (ol oy s S13505 el o5l ey
e e |y gle (oS il 4 0B b oS 9 o odalie
T 45 3950 odabie (g S0jlul gojl (gl > (yioren 255
(o Nwgn ol s el ol & ams oo gli)) 1381 (S

D9 g0 0alin by loda colad )3 s opl il

oolae glds g o odaliin ¥ Jodo 0 &S jshaien

(Wu and CoX, S9-S5 g9 bawgi olSialesl 13 osd (6 pSojll

5l 58 g pob glis CFD g, 4 o duslce y3lie 5 2015)

Jie s 3l bl 5 ggbge opl 4 slitwl b sy o olis 1y %0

i Sl ez 4 Je cpl Sl oalatal b ol (o codlitl 390
&by glgal (2l p it gL (BLS by (orin

A alise e e iRk cnl 20 ) o> 4 a2 L
o 29 pled Al o zge Job ya (sl g A5 w85
cd)5 )8



YoO  zlgol ol i pliie Gl b (BLS Sidigr (ylodusr 9 g5l puis 51 gantllan

1.2

1.1
1 1

S 09

0.8

0.7

0.6
0
—— oS 4 aily il 1
=2l 4l S s 1

KAl 0.99

X(M)

0.2 0.5 0.9
1.13 0.941 0.6338
1.159 0.963 0.701
1.148 0.95 0.675

Y o5l 290 COUKY jiolyly 1 S sy 10 S

s 5 US4 ] 5l ol ol g ol dd sl o0
5 2l & g8 lssS 4 il e lis) oy 4 1 U5 il
1345 aSgSilen dm e bt |y ¥ oyla 90 ilywo 1 (515545
Oryir 4 e oS 4 il s lody el o ol S5
by (lye (nyieS g 9o 39290 b dw (g 5l il e
e Jilie o cpl 3 58] e 3l aid 4 obgS cls lores
PN ol sy e ol Gy Sl s 10 se S Ky by
oS 4y il e yb Lol plaks 4 bgsye e oyl 48 bl e
lilam Ky el jlade 1o g ol oo lude skl 2 4
—alads pegd 40 Jdo Cﬁ‘ aS W AW Y ob’gf Ucl.é.';)l olede>
o dod 4 bayye ol bl o VAPY L ply g (60505l ¢
P g » obess Jols L plaie el (25 (lo b by
ol ks 5
Pess alpe @ofl plon & 2580 oalin ¥ Jgi> 5
oS g (e 9 04d )T 5 Al cpl )3 ) ojled zge
pll sty 4 oligS g oligS 4 aily slagylodr Cov iy 4 (lpe

D9 50

dw cpl dao oo lais & Y ojled zoo Gl b cls oyl jo

5 3195 zoe (S B (pwp y9e iy 4 W] plos
B3V Jote 2 ol sl (Shy plo 9290 5 eB) dbie ]
e ¥ USS Sppe 4 1 ol @l g (il Casl ord
Jlis zgo opl Cot il (asuine ¥ S 53 S jelailen ail
il ey ol an Gicdsy Sl s )3 g9e S Ky el s
oligS & aly elayl lods 4 bgyyo Hlade opl &S il o +/FFY
Sl am Ky el jlade pSlas g ail oo ide skl 3
mdlai (ypog3 )3 Mo oyl 4 bl o il & obigS Lelis) ot
Oy iy 3 el J‘ 2 MLUA AT L )gl)g 9 ‘_g),fb)l..bl &

Dogme 3 goe & Ky il jladie Jolis 0 JS5 4y 4255 L
4 bgsye e cpl a5 sb o +/EYF plp oy o ol 4 Liide
Orimen bl e by (Sl )3 g olisS 4 ail (2l)l Glore
e i bS] lody (il Ky el jlade Sl
VAR s ol 5 o yaSoilas] salaii mogs )3 e ol & el
Feb)y e yalols i pSojlul gdads » )5 zge )] Sl
Slr ol 3l e S sl il oy g0 ol 855 0 Ky
~o iy (V) iy Billae olyme a0y ol 0,8 b o
19
POD = (1—- K, ) x100 (v)
e sy Ky g Jble lyse Auoys POD (Y) sl
doyd & by pe ol .anl (g pS0jlnl cabais oy ST 55 pel)l ol
5550 Jgi 53 o)ledd zge J1 ) () o bgye (e

Cawl 005

Vg9 Pl eod e 20,3 -0 Jgua
POD(awe ) Ol

Tt obisS 4y azly el
Ya/a- IR N
YYIo- S5 el

doyd oy yiaS g eoligS an Wil ol)l lads cls 4y by ye
A8l oo il 4 obgS o li)] otz 4 by

Y 5 lowi Z g0
dw opl s zoo Glgie 4 Y ojlod zae Sl b clls ol 4o
€95 3 goe 0l 85 B (o 090 i 4 (2B lod
53 Jgiz 0 o) slaShy plo g 09 lis)] 5 13k oo 5



VPoe Calgu Ol = (98958 IO Al ) 0 ylos ¢ ol (iSRG g Gyl 45 pis Yo F

Joiz ¥ o)l zge cod aglose cpl 4 bgye (ol 20y

) 045 ;.)V

1.2
1.1

1
0.9
0.8
0.7
0.6

KV

0

——oliS 4 ail alla 1

=l 4l S s 1
KA clla 0.99

e e 9 oS A wily (oli)] plody @ bgiye ol
o bype ol aiboe il 4 ol (ol5)] ot 4 bgiye

\d

0.2 0.5 0.9
1.139 0.951 0.647
1.168 0.972 0.718
1.159 0.958 0.688

Y 5 ko g0 Cou KV jiol)ly o LS iiudgy 51— IS

Y zg0 P Cod (ol 0 pd - Jgua

alose

obigs & by b
IIPRRER SO
SISy el

POD(we )

Yo/

ya

ARTA
1.2
1.1
1
> 0.9
0.8
0.7
0.6

—— ol S 4y 2l s 1
=l 45058 s 1

S8 @l 0.99

0.2 0.5 0.9
1.134 0.946 0.641
1.162 0.967 0.71
1.152 0.953 0.681

¥ o lowd Zae Codd KV ol )by o LS piigy S1-V S

Y oo Plcod ol oy -V Joso

POD(xo )

Olodw

YOI
YAIY
YYIy

olisS 4y ity s
PRI
SIS b

zo—e 2 85 B oy 2y90 i 4 lmgh ol slag e
P olale Sy plo 930y g eli) asbie sl g9 5l &
ol Jeols mls 5 (gilodudd Cosl 0l S5 Y o)led Jgio
KV jiolyl jlade J8las A S oll bl o A S5 g0
S il PRl e ol 4 G Sl s 3 se oS
Uidgr slail )3 9 0lisS 4 aly ol@)l lods 4 bgsje Hlade oyl

o bgye (malpe (p i 45 2980 odalie ¥ o> 3l
Sl osS plosz 4 bgrpe ol %S 9 Al 4 oS oy
A5l e

£ o lo zoo s



YoV zleol ol i pliie Gl b (BLS Sidigr (ylodusr 9 gLl puid 51 gantllan

L) gl 4 bgrpe (ol (S 5 obsS 4 il (o)
dw cplds barpe olpe duopd 4 bgyye gl bl o lils & olisS
Gl 0 JSIA Jod o elasyl lons

4 olsS (ol plode Gl & KV yiall jlade Sl g sl o
L lp g 5 oIl gl (g )3 jlade pl o oo iy
Oleds 4 barye olpe op it 35 <l opl o a8l e VAV

£ g Fleod Ll o3 -A Jga

POD(we )

alose

Yon
YA
Y-/

oligS 4 by b
IIPRRER SO

SIS b

s d)_,fo)‘l.\_il alads u’Pi FRY ERPR Py u,.\.mlf 3 &Lé.?ﬂ OT
Ly sy oo 365 e il 4 1L o X=-AM (g abail slen
sl s e 255 3l e 9 OB & se B A8 9y
ol Lalgs 5 zae gl 5 LialiEl (JUIS 5 45,5 15 claeile
(oo LU g Allie by (Stwgn ol > 4 0y
DB ok g ase S om0 &5 adllo I end Colua b
deole )l o oils Canilas grdaw oS colun (ol 05 (15,5 oo
ol ) €83 b dgd o Cguie gloal (2lime )3 (sere Sl
i glalod e Gl 05300 OMA] &S 5 S sdaliio g5
glo—el Sl 9 (e Olien ) o o il oo ghaio »
P aS el Gl e ols jl el glaylaged (awyp b e o
331y 395 Glise yiSs zoe (535l (b 4 Ege 39 2 selad
S50 3 oo (pols e Sl by 1)L zse s g
Ol 3l g Al Smly g jui (Sl Coles v Sl gs
P e Sl 4 plied Gl & €8S o g oo BeiS
Cnilon o 1A 4 Casl o3 paito glis) b LaLS Lidey
s bl zee (g5 S ls b agales j0 g Lide slanl o il
Sy 5 eolel vty SleMbl 55 g pols g 5l edelcany
Sl ool cxilon o o pio b S wiad o i WSS g 59

s (e CpyieS g oy 4 39 g0 odmliia A g 5
blyo il 4y obsS 5 obsS 4 il oty 4 byypo iy

(S 35 4o
walizes el lods dw g Golite zae clls Hlas ol
oz 9 g, Soiluil plake s 55 sl 00 plogl YU (g5l
2 e 3929 P 53 oo (2l i Ky o pd (9] Cowts
€83 |yl 00 S YL cla IS5 s 4y alS idey Jobo
Dby (did (lade £95 )0 i & CELY (li e el
Ol dgdee Jolo o od) gl (ol 53 i 4 ot LS
Jelos dny oy 3)90 iy (ot Gloda o9 (e
Loablos £li] 515 s pipbllan] dndblos ool (pgmad S
oRgi () g9md90 5l lge ol 4573l (S by 155 g
Loasls ol &8 bl b 4 g0 2050 b b0 )5
9 zo— gLl aomit ) 9 4Bl alS (L e Cap d9290
P JB e oo a5l Gy 9 Mbe SIS Ky yialil
&= & g Ky ol oS 595 o0 oanlie b cuwd jl 1) 25 (651 5]



VPoe Calgu O3l = (98958 IOl ) 0ylos ¢ ol (iSRG g ool 45 pis YA

Cavallaro L., Re, C.L., Paratore, G., Viviano, A. and
Foti, E. 2010. Response of Posidonia oceanic to
wave motion in shallowwaters: Preliminary
experimental results. Proceedings of the 32"
International Conference on Coastal Engineering.
Coastal Engineering Research Council. 1-10.

Cook, H.L. and Campbell, F.B. 1939. Characteristics of
some meadow strip vegetation. Agricultural
Engineering. 20:345-348.

Cooper, N.J. 2005. Wave dissipation across intertidal
surfaces in the Wash Tidal inlet, Eastern England.
Journal of Coastal Research. 21(1): 28-40.

Dean, R.G. 1979. Effects of vegetation on shoreline
erosional processes. Wetland Function and Values:
The State of Our Understanding. 1: 415-426.

Dean, R.G., and Dalrymple, R.A. 1991. Water Wave
Mechanics for Engineers and Scientist. World
Scientific Publishing.Singapore.

Dubi, A. 1995. Damping of water waves by submerged
vegetation: A case study on Laminaria hyperborea.
PhD thesis. University of Trondheim, the Norwegian
Institute of Technology, Trondheim, Norway.

Fathi Moghadam, M., Drikundi, K.h., Masjidi, A. and
M .2012 .Investigation of the Effect of Vegetation
Density and Flexibility on Roughness Coefficients
in Riverside and Flood Plains, Iranian Water
Resources Research Quarterly, Year 8, Issue 2, Fall
91.

Fathi Moghadam, M. and Zaraei, M. 2016. Investigation
of the Effect of Coastal Vegetation on the Damping
of Destructive Force of Unbreakable Individual
Waves on Shabidar Coasts, Journal of Irrigation and
Water Engineering, Year 7, No. 26.

Furukawa, K., Wolanski, E. and Mueller, H. 1997.
Currents and sediment transport in mangrove forests.
Estuar Coast Shelf Sci 44:301-310.

Harada, K. and Imamura, F. 2006. Experimental study
on the resistance by mangrove under unsteady flow,
Proc. Congress. Asian and Pacific Coastal
Engineering Dalia, 984-975.

Jellilund, R., M. Zeid Ali, L. Nouri Hindi and M .2012 .
Investigating the advantages and disadvantages of
protection and organization of beaches with
vegetation against morphological changes, Fifth
National Conference and Specialized Environment
Exhibition, 90.

Journal 629, Guide to the Design and Implementation of
a Coastal Protection Structure.

Kongko, W. 2004. Study on tsunami energy dissipation
in mangrove forest, Master Thesis Report, wate
University, Japan, 43 pages.

Kutija, V. and Erduran, K. S. 2003. Quasi-three-
dimensional numerical model for flow through

Ol o5 cali b idg (sdwdid jd i b oS5 )0 0k 30k
P ol laids ) glael (ol 5 Foo slajial)ly ol
(Wu and Cox, 2015) sl 133l eolj s b 1y o yea

&l

sladanio p 2S5 (ide o515 56 ARLLT )y
A=A :(V) Al (280 5 (olel s Ll b

u“-’“’?’ )_:I I Avad J ‘639913 £ cf..\_an rz';é P ‘u_;)])‘
2 WSl 5 ite glosl e (5958 2le p Gl alS
sy

A’..’;% &9_) d_w rvf‘)_ﬁ )Jl Avas ) ‘L.S’L“)]P - cL;oLo‘ ‘ ‘L;iﬁ)f
Ayl g b 4l ) Cguy 9 Sl (liee 2 (BLS
MY (V)Y ol oiSa s ool

5 bl 4l SB Ghled (LS (idy deo ) dilie

BEY-0VY :(F) W) o)) iSa

Glabsd oy (sy9p0 VAV o opddo b o spic g, B

b (LS Licde Gk L) gleel alie 5 Sl

Pl o)y WWAF o)l p epaie b g ol sa0ine

Ored LSS glgel (69500 (iaS  (Jolo LS by S

Slgal Glyez dared oKl leag (wsine (Moll (e jliens
ol sl

fg VIR LV P2 FiN N P T VK TSV I gy BN S SO0

e pilen ey oy )3 o (LS by bawgs

ey larme g Jow Ol Cogme Ly (anb mlio Copie
Il e oggls 5 (oggls 5 ol

Asano, T. S. Sutsui, T. and Sakai.T. 1988. Wave
damping characteristics due to seaweed. Proceedings
of the 35th Coastal Engineering Conference in
Japan. JSCE. 138-142 (in Japanese).

Asano, T., Deguchi, H. and N. Kobayashi. 1992.
Interactions between water waves and vegetation.
Proceedings of the 23rd International Conference on
Coastal Engineering. ASCE. 2710-2723.

Augustin, L.N., Irish, J.L. and Lynett, P. 2009.
Laboratory and numerical studies of wave damping
by emergent and nearemergent wetland vegetation.
Coastal Engineering. 56(3): 332-340.



Yo zlgol ol pliie Gl b (BLS Sibigr (ylodusr 9 g5l puid 51 gantllan

Division, ASCE. 99(5):739-814.

Wu, W.C. and Cox, D, T. 2015. Effects of Vertical
Variation in Vegetation Density on Wave
Attenuation. Journal of Waterway, Port, Coastal and
Ocean Engineering. Volume 142 Issue 2.

flexible, rigid, submerged and non-sub merged
vegetation. Journal of Hydro informatics. 35(3):
189-202.

Li, R.M. and Shen, H.W. 1973. Effect of tall vegetations
on flow and sediment. Journal of the Hydraulics



Iranian Journal of Irrigation and Drainage Oln) 452 3 5ylal 4yt
No. 1, Vol. 15, Apr.-May. 2021, p. 199-210 . 1AQ-FVe Lo AFer Clguadyl — (2235958 10 > o ylos

Study of the Effect of Changing the Elevation of Vegetation with Regular
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Abstract

The development of water waves through submerged and non-submerged vegetation is accompanied by a
loss of energy through the resistive force of the vegetation, resulting in a decrease in wave height. Wave
damping by vegetation is a function of cover characteristics such as geometry and structure, immersion ratio,
density, hardness, and spatial arrangement, as well as wave conditions such as input wave height, duration, and
wave direction. In the present study, the effect of geometric arrangement of vegetation with variable height on
wave damping has been investigated using the Flow 3D numerical model. For this purpose, a channel with a
length of 480 cm and a width of 10.8 cm, which has been previously used by Cox and Wu (2015) to study the
effect of plant density with variable height on wave damping, is modeled. The operation of the three
arrangements, including long to short arrangement, short to long arrangement, and zigzag arrangement, is
examined under four different waves, all of which are linear waves. It should be noted that in this study, wave
height is considered as a damping index. The results obtained by measuring the height of the waves at four
different points along the channel show that the behavior of the waves in dealing with different arrangements
follows a fixed pattern and also changes in the geometry of the vegetation can greatly lead to Increase the
damping of the waves. The results show that a change in height arrangement can cause a change in damping of
up to 7.1%.

Keywords: Geometric layout, Green belt, Vegetation, Wave
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The Effect of Different Spur Dike Shapes on Bridge Abutment Scour in
Compound Channel

S. Emamgholizadeh’, A. Nazeri®*, KH, Azhdary®
Recived: Nov.25, 2020 Accepted: Jan.02, 2021

Abstract

Scouring is one of the most important factors threatening the stability of bridge abutments on rivers. Most of
bridge abutments are located in floodplains. In the present study, the effects of four different single spur dike
shapes including the simple spur dike, T-shaped spur dike, L-shaped spur dike with a clapper toward
downstream, and L-shaped dike with a clapper toward upstream on the maximum scour depth at the abutment of
a bridge, are studied. The present study was conducted on a rectangular flume with a width of 1m, a length of
12m, and a height of 60cm. The compound channel was constructed in a symmetrical and rectangular shape with
the width of the main channel 20 cm and the width of the floodplains 40 cm. Spur dikes with three lengths
including the 4, 8, and 12-cm lengths were installed as single spur dikes at 4, 8, 12, 16, 20, 24, 28 and 32-cm
distances from the abutment. The results indicated that the simple spur dike, the T-shaped spur dike, the L-
shaped spur dike with a clapper toward downstream and the L-shaped spur dike with a clapper toward upstream
reduced the maximum scour depth at the abutment by 80%, 93%, 96% and 78% respectively.

Keywords: Abutment, Experimental model, Flood plain, Local scour, Spur dike
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Abstract

The investigation of plant production limiting factors requires extensive and costly research, so the use of
models can be noteworthy. Practical models including Aquacrop and DSSAT are used to simulate plant
production. In the first year, these models were calibrated for Khuzestan wheat farms in Ramseh pilot and in the
second year for two pilots, Ramseh and Hamidiyeh.The normalized root mean square error, agreement index and
model efficiency with DSSAT model for grain yield values in the first year were 0.036, 0.01, 0.92 and 0.76,
respectively that Comparison of these values with statistical indices obtained from Aquacrop model indicates
less error and more performance index for using DSSAT model. Also, the performance of the model, which is an
indicator of the effectiveness in the selection of models, shows that the DSSAT is more efficient than the
Aquacrop model. Mean root mean square error and normalized root mean square error of wheat biomass in the
DSSAT model were determined to be 0.23 and 0.04 respectively that indicates the DSSAT model has higher
efficiency and accuracy than the Aquacrop model in simulating grain yield and wheat biomass.
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Abstract

Among the indicators of optimizing water consumption in the agricultural sector; crop water productivity
index has received more attention. This index is estimated based on the crop yield and water requirement, which
depends on meteorological parameters, soil characteristics, field management and crop type. Due to changes in
meteorological parameters in different regions, changes in the crop yield and water requirement in different
regions can be expected. In this study, the Maize SC 706 was cultivated in the research farm of faculty of
agriculture, Razi University, Kermanshah, in a randomized complete block design with treatments of 120, 100,
80 and 60% of irrigation requirement and three replications. The AquaCrop model was calibrated and validated
using measured farm data. The results of model output and field data showed that the difference between
biomass yield and grain yield in irrigation treatments was significant at the level of one percent. According to the
calibrated crop file and daily meteorological data (1988-2017), water requirement and grain yield under full
irrigation conditions in five synoptic stations of Kermanshah, Islam Abad Gharb, Sarpol-e Zahab, Ravansar and
Kangavar were estimated using the model. The average of grain yield for the 30 years studied in these stations
was estimated at 9403, 9261, 9171, 9016 and 9151 kg / ha, respectively. According to the estimated yield and
water requirement, the amount of water productivity in the full irrigation conditions was calculated, the amount
of which for Kermanshah, Islamabad Gharb, Sarpol Zahab, Ravansar and Kangavar stations respectively were
0.95, 1.09, 1.09, 0.88 and 1.18 kg of grain per cubic meter of water were estimated.

Keywords: AquaCrop, Deficit irrigation, Maize, Simulation, Spatial variation
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