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Table 2 - Results of statistical comparison between station daily data and outputs of GFS, ECMWF and MeteoBlue in
the period from 18 May to November 2020
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Figure 4- Advection term of ET, based on meteorological forecasts and climatic data recorded at weather station in
the period from 18 May to November 2020
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Figure 5- Radiation term of ET, based on meteorological forecasts and climatic data recorded at weather station in
the period from 18 May to November 2020
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Introduction

Irrigation should be applied in accordance with an accurate estimate of the crop water
requirement and the crop growth stages (Jensen and Allen, 2014). In recent vyears, several
meteorological forecasting models (MFM) have been developed which are capable of
forecasting weather data. Such data could be used to calculate and predict crop water
requirements during the next few days. The performance of irrigation canals and water delivery
systems can be significantly improved if future short-term demands based on the predicted crop
water requirement are available. The appropriate performance of these models in the agricultural
sector depends on the quality of their predictions of various weather variables. The aim of this
study is to evaluate the accuracy of the predicted spring sugar beet water requirement in the
Jovien region when 5-day forecasted meteorological variables by ECMWF, GFS, and
MeteoBlue MFM were used as the climatological parameters in the Penman-Monteith equation.
The prediction accuracy of these models was evaluated under four categories, 1. Inclusion of the
three main meteorological variables involved in calculating reference evapotranspiration (ET,),
including maximum air temperature (T,a.x) and minimum air temperature (Tp;,), and maximum
wind speed, 2. Inclusion of radiation term (ETR29) and advection term (ET{YY) of the Penman-
Monteith equation, 3. Inclusion of ET, and water requirement of spring sugar beet.

Methodology

Meteorological forecasts for ECMWF, GFS, and MeteoBlue databases were obtained from
https://www.windy.com.  The meteorological variables presented by these models and used in
this research were temperature, wind speed, and the degree of cloudiness. The study period was
selected from May to December of 2020.

ETO was calculated using the FAO-Penman-Monteith method presented in the FAO 56(Allen et

al., 1998). The first part of the FAO-Penman-Monteith (%) represents the
. 2

contribution of the energy terms to the process of evapotranspiration and the second term
900

(w) signifies the importance of advective forces. Meteorological data obtained from

A+ v (140.34 uy)

the Jovein weather station was checked to take into consideration the possibility of non-standard

surface cover surrounding the weather station in accordance with the method recommended in

Annex 6 of FAO 56. Crop coefficients in early, developing, middle, and ending growth periods

were also calculated based on the method recommended by the FAO 56.

Results and Discussion

The GFS model had the best performance in estimating T..xwith the lowest Bias and RMSE

errors of 1.4 and 2.3 degrees Celsius, respectively. Also, MeteoBlue with Bias and RMSE values

of -2.2 and 1/3, respectively, had the best performance in estimating T.;,. All three models

underestimated the air temperature. The bias error of GFS, ECMWF, and MeteoBlue models in

14
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predicting the maximum daily wind speed in the Jovein region were 0.1, 1.3, and 1.8 m/s,
respectively, and their RMSE Respectively 3.3, 3.3, and 3.4 m/s.

Since the GFS model estimated Tmean and consequently vapor pressure deficit (VPD) with a
higher degree of accuracy as compared with the other model, the advective term (ET{YY)
computed using data estimated by the GFS model was more accurate than that of the other
models. The bias and RMSE errors of this model in estimating the mentioned variable were 0.4
and 0.7 mm per day, respectively. All the other three models underestimated ET9".

The bias error of GFS, ECMWF, and MeteoBlue models in estimating ETORad were -0.4, -0.5,
and -0.2 mm/day, respectively, and their RMSE were 0.61, 0.67, and 0.65 mm per day,
respectively.

When the overestimated ETORad and underestimated ETZYY terms were summed up to calculate
ET, according to the FAO-Penman-Monteith method, the bias error of the outcome (ET,) was
significantly reduced for all the models. The bias error of the ET,for the GFS, ECMWF, and
Meteoblue models were 0.03, -0.03, and 0.47 mm/day, respectively. Their RMSE values were
0.62, 0.58 and 0.94 mm/day, respectively.

K, of sugar beet for Jovein region with 4-day wetting intervals and light soil texture with an
average ET,of 59 mm/day was 0.56, and K. .. and K. . were also calculated as 1.176 and
0.676, respectively. The seasonal water requirement of spring sugar beet for the Jovein region
was 866 mm. The seasonal water requirements calculated using the outputs of GFS, ECMWEF,
and Meteoblue were 860, 866, and 788, respectively. However, the cumulative error of these
models were 66, 65, and 101 mm, respectively, during the growing season.

Conclusion

A notable result in this study is the interaction of the ET29Yand ETSH2d terms, which canceled
out each other over and under estimations—all the three models underestimated and
overestimated ET#9V and ETR? terms, respectively. Thus the absolute value of the oblique error
of the computed ET,was less than that of the ET#9Vand ETR¢ terms. However, the RMSE of
ET,, which indicates the noise and random behavior of the error sources, was not reduced.

Keywords: Irrigation Management: Reference Crop Evapotranspirations Crop Coefficient:

Irrigation Requirement
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Table 1 - conveyance efficiency values in canalettes branching from D7 and D1-L canals of agro-industry company

farms
(D1-L canal)D1-L Juls (D7 canal) D7 Juls
qe s JUU oo

JUS o JULS o Lo JULS o Lo

(1) JUsst oyloul ol o (1) JUsst oyboul il i ‘

Conveyance efficiency i ailo ey Conveyance ey i aiSlo ey
(%) ] Canalette efficiency (%) Canalette
Canalette type number Canalette number
type

87.5 450 1 85.4 450 1

89.5 450 2 94.4 450 2

85.8 450 3 92 450 3

89.8 315 4 934 450 4

89.1 315 5 87.1 315 5

93.7 315 6 95.1 315 6

88.2 230 7 68.1 315 7

- - - 70.7 230 8

- - - 89.7 230 9

89 - oSl 86.21 - ol

WS 9 A JUIS 51,1 DC-6 g DC-5 gads 13 JUIS 51 camuiiin o &5 b iy UL JWSI Hlosily yalie-Y Jgao
Table 2— conveyance efficiency values in canalettes branching from DC-5 and DC-6 canals of returned A canal lands

(DC-6 canal)DC-6 JLls (DC-5 canal)DC-5 JLls
) . JULS o ylos : . JULS o yLeis
(1) Uil ylonil JUE e N (1) JUsl Lol JUU e s
Conveyance o aslagiey TR0 Conveyance JECASTINE T s el
efficiency (%) Canalette type Canalette efficiency (%) Canalette type Canalette
number number

91 450 1 93.6 450 1

83.1 450 2 94.4 450 2

89.3 315 3 91.4 450 3

945 230 4 88.7 450 4

- - - 95.1 450 5

- - - 92.4 315 6

- - - 94.1 315 7

- - - 89.7 315 8

- - - 88.1 315 9

- - - 94.1 315 10

89.47 - ool 92.16 - oSl
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Table 2- conveyance efficiency values in canalettes branching from DC-2 canal of returned A canal lands and M
canal from lands under canal A

(M canal)M Jtls

(DC-2 canal)DC-2 Juls

e LLS 0 yLanis JUE GLS o Lot
() JUisil ol JUU o Ji e () JUisil ol o Juises
Conwveyance BSOS W oY) ’ Conveyance ) ’
efficiency (%) Canalette type Canalette efficiency (%) = Canalette
number Canalette type number

915 450 1 89.9 450 1

85.2 450 2 85.7 450 2

88.8 450 3 89.7 450 3

86.2 450 4 88.7 450 4

58.4 450 5 90.1 450 5

90.6 450 6 93.7 450 6

88.4 450 7 - - -

89.6 315 8 - - -

91.3 315 9 - - -

94.6 315 10 - - -

89.9 315 11 - - -

85.2 230 12 - - -

86.77 - Ol 89.6 - OeSiles
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Table 4- Land loss rate in different projects

JUE (b e (il JUls Job JUS Job
ol Jd! coluw ) .
R o> 9 ) n aslegiy wSleghy b »
OLse )5 25%0)  Average channel (a1 (ngle) i (LSa) )?)g.
Occupied area width and I A Project
(m/ha) exclusion Canalette length Canalette Area (ha)
(meters) (m/ha) length (km)
oo Syanpls
28.3 2.83 10 100 10000 M oghan Agro-
Industry & Livestock
Co
S JUS 5 )
765 2.91 26 230 8750 A
Downstream lands of
the return canal A
A JUS 5 o2l
49.1 2.89 17 180 10585 Downstream lands of
the canal A
S
51.3 - - - Mean

30wl 00 03,91 O Jgoz ;o i L sloosg o
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Table 5-Waiting time for farmers in different projects

A JUE pj o8l Lz . o ybo Caxiao g Gl X
b gio il A (iS5 JUB 5 ol © i o359
lands under canal Moghan agro-industry .
Average returned A canal lands Project
A company farms
S 50 (agds) laul e
37 41.5 36 33.62
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Fig.4- Unprincipled sealing implemented (a and b) and destruction of sealing washers and water leakage from it (c
and d)
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Fig.5- Weed growth in the soil canal
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Fig.6- Weed growth around canalette (a and b), inside canalette (c) and grade 2 concrete canal (d)
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Fig.7- Principled and unprincipled dewatering, localized damage and inappropriate exploitation
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Extended Abstract

ntroduction

Moghan irrigation network is also facing the problem of water losses similar to other projects. In
recent years, more than 43,000 hectares of tertiary irrigation canals has been lined using precast
concrete channels (Canalette). The main purposes of the project were; improving irrigation
efficiency, increasing water use efficiency, reducing waiting period to get water, and preventing
water loses. But the project due to weaknesses in various stages of design, construction,
operation and maintenance were faced with numerous issues and problems. In this research, the
performance of construction canalette in terms of conveyance efficiency and network operation
and maintenance problems have been investigated.

Methodology

To do this, 40 canalettes were chosen after various visits to the different projects area and
reviewing the existing related documents. In order to calculate conveyance efficiency, the inflow
and outflow values of the channels were measured. In order to estimate the waiting time for
farmers to receive water, the time required for water to reach from the water dividing site to the
field was measured. The amount of land losses in each project was determined according to the
availability of information such as the length of the canalette and considering the average width
of 2 meters for the canalette and also the specificity of the area covered by the projects. In
addition, by taking photos, talking to farmers, water distributors and other relevant factors,
exploitation and maintenance issues were investigated. Field observations from the study of
technical and social issues, issues related to the operation and maintenance of the canalette
network as well as the results of measurements were analyzed and then the necessary
suggestions to improve the current situation are presented.

Results and Discussion

The average conveyance efficiency in the studied canalettes in the three studied projects, namely
agro-industrial lands, return A canals and sub-A canal lands, respectively %89, %89.47 and
%86.77, respectively. The results of the study of land losses in different projects showed that
land losses in agro-industrial lands, which are segmentate in an integrated manner, are far less
than farmers' lands (lands of return A canals and sub-A canal). The results of local visits
regarding the issues and problems of maintenance and operation of canalettes are presented
below.

1) According to the visits and studies, the lack of complete sealing of the washers is one of the
main problems of prefabricated canals. As a result of inadequate performance of the washers,
unprincipled sealing performed by farmers in various ways, including the use of bitumen,
concrete and plastic in the network was observed in large numbers. Investigation and research to
solve this
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2) problem and improve existing channels and not to repeat this problem in future projects
Seems necessary.

3) The climatic conditions of Moghan plain are such that weeds to grow in most of the soil
canals and are widely seen in the network canals. Also, in canalettes, the growth of weeds
around and along the canalette and sometimes even inside the canalette, creates problems in the
process of water transfer and canalette life. In addition, the transfer of weed seeds from the canal
to the fields by water causes damage to the fields.

4) During the visits, several cases partial and total destruction at the network level were
observed. Some of these cases were due to poor design and implementation of the canalette
network and also lack of attention to the geotechnical conditions of the bed. However, most of
the thematic demolitions have been done intentionally by the exploiters in order to dewatering of
the network. The use of canalette siphons in irrigation sub-networks has been proposed as a
simple and low-cost solution.

Conclusions

Based on the results, the average conveyance efficiency was found to be 89, 89.47 and 86.77
percents in three different studied areas that are agro-industrial lands, lands of return A canals
and sub-A canal, respectively. Also, the waiting period of farmers and land losses were
determined as 37 minutes in Km and 51.3 m? per ha, respectively. Furthermore, inadequate
performance seal washers, aquatic plant growth, damage of structures and intakes, improper
operating, using overdesign rate of discharges, and other social and maintenances issues were
found to be the problems in the operation of Moghan irrigation and drainage network
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Extended Abstract

Introduction

Providing food security in scarcity conditions of water resources requires the optimal
management of irrigation water. Estimation or determination of indices of water consumption
management, such as water productivity in agricultural productions is one of the most important
keys in macro-planning for the supply, allocation and consumption of water in different sections
such as agricultural section. Therefore, conducting research at the national level that can lead to
the real water productivity in the horticultural production in Iran, is essential and important.
According to the production (3.4 million tons), a significant amount of surface and groundwater
resources are consumed for apple production. This research was conducted with the aim of
determining the amount of consumed water in apple orchards in selected provinces under the
management of gardeners at the national level. Findings of this study could assist to the decision
on management of water and agriculture.

Methodology

The selected provinces were East Azarbaijan, West Azarbaijan, Ardabil, Isfahan, Tehran,
Khorasan Razavi, Fars and Semnan. The water productivity in 145 sites was estimated, in
addition to direct measurement of water consumption and crop vyield. The factors such as
irrigation systems, apple cultivars, gardeners' education, soil texture; and salinity of soil and
irrigation water were also measured or recorded in apple orchards. The ANOVA was used to
investigate the possible difference between the volume of consumed water, yield, and water
productivity in apple production.

Result and Discussion

The results showed that the difference between the volume of water consumption, crop vyield
and water productivity was very significant in the orchards from provinces. The volume of
consumed water and crop yield in apple orchards over the country averaged 9814 m?3 hal and
23.2 t ha?, respectively. The water index was 2.73 kg m=? in apple orchards over the country.
The lowest and highest water productivity were obtained from the orchards of Fars and Semnan
provinces.
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Conclusions

Some strategies have been proposed to optimize the consumption of water resources; and to
improve apple yield and water productivity in the country's level. The results of the research in
apple orchards of selected provinces in Iran revealed that average of water consumption in apple
orchards were 9814 m3 hal with the water productivity of 2.73 kg m=. Application of high-
efficiency and well-managed irrigation systems, and other appropriate improving methods of
water productivity can lead to optimal use of water resources, improve yield and enhance water
productivity in production.

Keywords: Irrigated orchards, Water productivity, Apple orchards, Water use efficiency.

oA



OA-AY Lo/ VFe e Ll [AY olond [TY ala/ oiSR} 9 (55l (605w (owiigee Wiliniod

AERI

B3 — (oole 1allio g5
Sl g 0 bro Wi 5 pF el S g5 U S 3WT e jlu SISt suiaca gl of
olweb! pus Wyl i 30 PMBOK cuns

Touwis 50 dlaan 9 ' (5 seulo yiesme

5 Oyl ol (e 008l calico mwitige 09,5 Al )| il IS (gemeiils g ¢ Lol wl iS5 Ay =Y g)
Olplelanly ¢ yliwe ol
VEOIYY 5y Fo,B AYRANVVY bl o &l

oS>

3298 gyl (slaaSimd Of JLEG! g 03midd (SLd piiimn Sldan (gl O golio drwgd 45 sonlrs gLdslo g
AL 55 il o 8 bty g (3Ll i LS g diliin G gt 059 3m ymd A LT 51 D9 o0 43 )5 5 &
B Il 3,91 yms S 3ylgd o gaaB 9b dy sl 0 9291 Sloaiis (o3 Lolind 098Il (S Smnsy 059 2 (51>
Sloladl 51 0gnd om0 (5 yIS o ymw )d Cdy Jud Cel LaSn ) (=1l D929 (pidrod dg—od dumuls [y 448>
3 lalicw! 43 Sy Cu im0 S Sy S ppimo 31D 9Ll g om0 SWedow! (ymi] (33,5 o5 Sl &5 (5590
e 93 Slaie p Sy (Gl g (w5 Ol b il gy WSy (2 ol 80— 5 19,0 PMBOK
9 0y d gy (iliste (gldojlw 51 4 oylicww Caldd (6559iS g5l (] S wad E939 Jlois!
Ol 0 ] DUy A )5 1B ity 39 D ygm0 BmtBOS ymt] 33 (0 59m0 dIllro g W lod o0 B3I £ 150 (5,
Ll (guiuay dm (ol po dlmiadas Jmrdod a8 (1S9 51 9 BSminnsy (2Ll (gl =03 (9 I G
L oyl glojlow (glpn! 5mndd jLS olonil ;3 ageai pues 9 (o= ol pmid (LS ing y 45 Sl il AB 159
330595t (A (GaCu gl (gl dold] 3 LTI Lasmass 3t a1y el o YLD ud g paT CpdS
Ol gt aS suu o3liaw] ;9509 (g, 3l ouwd (2 el Sy (58,5 i 13 L ol ailaie
(09> 4y JLas bs Ar""‘s 4—’9’ 9 )L—AN ] Silaa! 4J9‘ A, )t_md [ ) LS)L?" ‘sl-hb)t_w Slasd AR 0
Oty L lal S 1) o)l amdy (0 JU (gLl ool g pgmmw aiy (SIS (g bl ool (g1 2]

W13 olais 395 a1y adlaio ol 3> Sy a3

Sols sl iy

M) Sy po ‘QJQ Jwaj)ﬁ AHP 0:39) ‘,95.;5 0:39) cd‘) slas]

7L ol Jslse 5l Lmosg n () aegomms 4o
odzmn 9 )lgb Loojg il Copaseasindyoe om0 g Sl jo (65Tl s 0351

3l goaxio sla Salos 4y jLS 9000 olog b e Jols Soe e 4o 6 lel slasjlw
Cudgd—me (p—imen .(Fouladgar et al, 2016) 4o ul goonio ylaand Joli Laolypn 5l aiwo

http://doi: 10.22092/idser.2021.353203.1456 Email: mr.shahraki@eng.usb.ac.ir i sis 003,155

01


http://doi/

DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

(Shahraki & Jamali Moghadam, 2016) a5 o
=l S— ple—e 4y Dl olaelacgame (5,55
pos 5 e L5 L 055 (sl oz Sl
o (gl il o 4S 39 e Al Co e
Sg— a8 5 LS ay | ol5U g 580, Sl oMbl
Ga—uluglel g (ga—uas, sl,— .(Zhai et al., 2012)
oyl w6 S pee—al Lo by, 5l Lsods
o S (S o
o=z Ol 5l Sle e e Sl 0 S
oas, (Ataiee ,2010) cwl Lo (paz Lhau3s
oylme iz (S pe—al slo o 5l (S0 S0
L1y efgm (soucaglyl g (ganas, Bl so a5 Cul
fo Dglite Lo jlns

)‘)_$‘ o)l as QHLSA ool

2y e S e S A
sl etz Joame ol po Lalidlas sl o
Sl Sl esle sl 4y g5l o lne ull laasy 5
sl slmosls 5l les o aShy cs Ll S
bl JEis & )50 43S 18 g Sgad oolitul
(Rezaei & Ghaybdoost, ss-is oo bl lixe ,
sloaiis, s Lalnl Ly —alise oL _iims 2016)

e, glacilw ggiasass L oo
A_’meb).’ LaX VTN .{9,'9‘ 9 LS’l_’))‘
395 (g 9 ol3 yhax
&30 Joe aljl as 04> umgis ,o Zanooz, 2008)

3 ) G
(Jafarnejad & Yousefi

Sl slacSu o,y 580 goaua T, g ‘S,Lwlm) VS
‘r'>‘).|a 9 LS)_’)A_AL’).’ ul_i.o‘ 9 ..\_».».9-‘»)).) o)j)_: u_i’ »
ool 1) 3Sg0 sl =l gl 1) 055, 0 S

(Omidvar & s gy g ,lga ol .o Soges

b=l a0 09> 3 i3 0 Nirumand, 2017)
Js—ol = e FMEA (g jleslaiul by Sy
5 &35 Gl (MCDM) o)Lins iz (6 =5 pore—add
Ol JSie Lyl oz lo y (6 2S5 (55555
po—s Lo )gmS1 Sy a by sloiyis 39—

P @Mk, i 8y, ool gl

AS o Gz g3 |y 28 g 5 Ll sla isu
b P & Ansari, 2008)
)Mj u_i_m.») u.:)_,.os l_» 6Lbo)5)4 k-)L?b\J‘ l_busj.w

“age 5| (Piri

9 025 slwojlw colw 5w Bl e 4 ja o3,
Ll @)l ot o g [zl ad> yo 50 oo s,
(Zahraei et al., ool o ahd & slaal)l
syl el Laogs s iyl 5o Lincabad pue 2016)
3550 059y sl 5o (IS o 59, 5 S
B9t A e 5 009 (S50 4 9 kS Al 3o
g Loaciahd pa e Ll 3] 08, 5 ol ool
Oy 50 (2l i Sy o g 4 o
(Kolahan et al., 2014) o,ls zilaal 45 059
Sl ool oSy S g o e
TR TN S P VY ‘)_'3‘1 -Jlez! Jlog i g PMBOK
plomil (o oo a8 sl Sy, L ablie gl oy,
sl a 2012) sls
goloulca Lo 2l 0 a

5 (Sabzehpour,

’A‘\Jjﬁ)\

Lo slocs—,

LagT ancaglslh = )bl (sloojlw 5l s lo 0 00
Sl I )52 Glo ol pils
&!y— (Shahraki & Jamali Moghadam, 2016)
St T3 51 lssn Sy ollit 5 6 S
aS (63 ls0 glm D By, . B,F S5 —ao
Wil oo Cenl glls LS s ol Lai g gl a8
Sl Gl gy ol 0 =S o0 )18 eoliiul 5 )5
oz (b 0 S premal 4 S8y (i
5 Soslemez 4 ymie Sy y0 45w il ge ad> e
(Kazazi & Faizi Rad, 50,5 oo oledbl aazs
5 5,5 slasl b g ol La 5 5, 2014)
sloosls 5l glacaomme & g0 any (50 1S pao—as
(Amiri, oa_ib g0 JolSL 2lS g sk, 25
plael 5 Cprlad pue Gls 4SSl (gl cnl pliy 2010)
(88 b o Lag S peemal (o 1) (25 slmools
S, lio 0, S5, Bl olocl A cgommo (5,945

. N )‘ g &

1- Probability-effect



e 8 S o (S 9 b (55l (g0l Sl ! guisa ]

G =S el § Sy S e Lo bl
29529 9 o1y Al ol Lo g, Lo ole]

Ll 48,55 &y g0

Bgy g9i90
i yaeliy ol Jold 059y Sy S pos
Syl oo oSy Slolid Sy S poe
! 0)5)_4 J._S‘_J)_,..S9 g_:)L.‘a) sLbu_i_ma) 4 GML)
9 Jl—ﬁ.&-’" w)‘)J‘ JAL.» 0)5)_’ u_i_m.:) w).:A_A Slon
6M‘JB 6‘)10 u_i_m.;.) w)ad_n | 03‘9)_3. 3o Tw
g T I T W P gl SN WP J
g9 Jloiz (og0d anin Baa L Sy Zu e
)05 oo 059, Blaal 1 glhasls Sla s i
059 Jobo 30 Sy S e Al 3 050 o plxl
oo [(Sabzehpour,  2012) c ol (ga—x 0,90
3905 o 4 (Jlgto Jlow iz (b Gl
s=iS By b sl O ilaley pae asdly L 3,0
Qa.ol.cod_?l.l)o PR Sis eel ‘QL._,.M;” 1 PE:] [P BN
9 6})5Li5 p.._ls 8| o 6‘04_0.(: | ) aS Cewl oo
o=lasa gl c o ) sl ozl ge
4o Cdd ml 0 (Bas o il a5l 0 Sy,
(Ahrariroudi, 2018) 55, 5 o el sl oo
Jol sl slnojon ;o Ss—s sloS—uy,
9 o (Sl 2L (5,18, ( ae Lo,
o le o sl s o il e Sl

Sl eal Ll el LaicnsST 4y &)L

81

Wilbges B> |y el slac s gaua gl
(Shafiee Nikabadi et |l Son 5 oot —ixe

Gl P dangi 4 055 g al., 2016)
aazg b (e sloodsm gaasd, 5 2Loj)l
s 05 Slae 5 o1 80 5 S 989 Jlozs!
5 lwlis 4y (Ulfat et al., 2016) o)L San 5 codll
Sliliwl gle 1 0gmy Sy su—uagll
Otatee Lol il g5l 5,545, L PMBOK
| ns e ool Sl slasiyy LS,
5 el o 85 pae B e ;8 Soly > £oBy
Olg—ie 00l s CmBge 5l B Bl l s
(Shahraki &  so—de Jloz 5 5 i 0S50l
drwg 09> imgim ,o Jamali Moghadam, 2016)
e Sl gloogs y Sy 2l slp o
S aoges aSl ], Gl slael a_cqome (6,955
5 bl o gslsy 5o S slael ()55 (Sl
il s ilw i 53 (295 59505 gy Uy
OLSes 5 (Gliws )l 0 (o S 5 e L) S
4093 53—z o (Ardestani et al., 2013)
S oyl Gk 5l siplss ol agy Co pas
LSl 5951 ol 5 (55l sloaasin g,
Obsy Lo Leegsn ooyl anlp o olaind o8 L
ol Sod g (o loglo o
bl g oloj,las (Tahmasbi et al., 2017)
Lo gy 5 ooliiasl Ly 59l ous o5, (olaSn

22s  (Topsis)

b9y a5l (eleol (g3L8 o )lime vtz (655 uoal
A1 059 Sy (GInAT ) A (5 S po—S
)l 4o (Nakhaei et al., 2017) )l Son 5 250

a u)L?:.A ddo_w 0)5)_: 4 b9_>).a QSHA"}‘ x_)‘..\.’.A.Q.’ 9
9 D4 ;L"> . ay )l o2 ol< !‘ o‘, oD
025) )‘ ool il L._.: 5);.;" 6___,..,._, s QJL__JLY
Sl 3 o, Sy 4o axsls,, RAMCAP
—yp @l el S a S ol pk e
Syl g oad sloaody, ol jo Lo,



DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

)bl slaeisn b 55 039 Lo, 5l oo
M) 39— J_‘No )’| aS el u’.il_..w’l 65)—:-; 9 4y
Sy Co o (Alamatian et al., 2018)a_ib

9o Joae il aie) il jo (SIS asiled
S sd)l_.:.?—l L;Lm;l_» 6L°¥§—~*.’.) ‘Sglﬁ)‘ﬂ

Lol oo o0ls ol V IS o oy ganas,

b e Dl e g uileS (raga g 4t 5 Lo
sl Sy, (—izen (Darvishi et al., 2015)
LS Sloages (58, (e 5l ol Log o (5,18,
as oy, g ol 8l ol 58,5 a0l g ol 8l s
slooisyn o Sl sl oLz J Yo
S slailol e (Snlan sae ol g,
Gt 0,5 1SS les e Lo LS )l Ko b sl lhis

Sl GBjep Sy (il Coa plaasiis § Gl )5 4 aslas 9 (e (S BulS Gllhs plod]

Lol 2 b Sty oy 59 oo 5

oY o¥

Tyo b Joloxs

o

29599 o9y bl py Sy o5 S92 lwlid wiyl,3

—
—
—
S

AR Jal o) UK
Fig. Y-Research steps

141




eSS ol (s gy b 5 bl gojlw Slasl sy glgl

25 Gt B 03— 03 9 b DL
e po—the & Iy dcsame (655 )3 350, e
bl 3o peolas 5l o SO IS8 4 Wilg e
YOS o as ogd sl ol eesd g YU e

(Pawlak, 2012) coul ouls ools ylis

Sl olacl g )55
Sy90 5 (&S el § GAasy (2Ll sl

=y A Bl oloel dcgamms (5,555 0l Lis oS

SRE Egooe

ol gresd p==

Siral O<p<l

Fig. 2- Demonstration of concepts related to the theory of rough set numbers (Pavlak, 2012)

Ol ez il U ole 5o Loael 5l a_cgamo
el 5 (Apr(C;)) Aoy €

;.
T O

N33 o 4 ilaie 5 (Apr(C;)) abewss C;

gl o0
Ciomly o5
Apr(C) = U{Y e U/R(Y) < C}} ")
Cis) o ablate
Bnd(C)) = U{Y eU/R(Y) # C;} =
{YyeU/R(Y) > C;}
U ULY eU/R(Y) < C;} )

SleMbl any oS el 0l Bl (6,955 ol oy 5o

as (o= G—as &"9.: 9 JLm&-‘ é.»l.» )_Ja) Laools (591.@‘
L Gl )95 0,00 5l el s o5 an,lai o
(PaWIak, b)‘b )lSB)_uJ l_Qu—‘ O .]Lg‘j) 9 Lbd-(:g.o.’)bo
Gy Bly A cgomme Jmdow 5l Lol Bu» 2012)
Dl o oS laosls 51 o 85 peplie (o 4]
O ez 5 s ol Sl ool s (LIS 55 Loy
poe L ablie ;o (558 slodcsome (5,555 4 S
Sg—od AN )l o Al dw 4y 1) Wrosls liabl
sloa coommeY aly g 0, ol 5l ok
S5l oMbl L ablie asy jol8 olgasas o5l8
aold 50 o5l e a Co i -V Gl oS
S Ra Sa_u5 5, 5.(Sodhis et al.,2014)
k_L—AY 9 C1 < C2 < < Cn 9 ‘{CI'CZ'.”'C‘n}



DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

(Song et 50,5 o ploul V) adal, S5 L fia>
al., 2016)

RD; = (1 — DIim(C,) + A lim(C;) OV

ol e as
OSASD) o Gogd alo=A4

A ok il s 95 (S S e 5]
OB S el 51098 oo LBl 10 5l 555
10 5| 5SS g )laie anb A e i Bl oo
Al ol S 0,5 pre—al ;50 LSl
Ay Al e s ;K0 Sylie a3l a il
Sgison olsell 10 s i Jake A (gl wilion
(Song et al., 2016)

alwdw g, wlwlp b S ) —2S Sl

slpo
B S ) Sy (S Sl ald 0
99, 5l Ng oo (gd—naglgl gl Sl ST Gl e
o, sl (AHP) (5150 Al Jos oyl 3
Ay o s aw 0 AHP g, 050 e ool
gh 2 3 2l ol o0 S ree—as Sl
e pa Lo (29) Ojpo dm oo 4l
sbiwl; jo Lagl 51 S0 o (ond o 5 U Wigd oo
au AHP g, 10 39 e 00, 5 s Claal
039 —5bse (23 039 9 e U39 D2 99
il s 4 (ogy Slalie e Sl
A 2 ol o, (el 0y 4S5 Pl o
elgr sy g sloyiy il 1 aS ail e
00 dslie o295 O ygo a olie lanl Sl 6l

30 00,5 o Sl gy Slanlis il

o> g im(Cy) ol ol o a5 o9& ool il
5 0 5 ¥ laly) e 4y lim(G) o Y
(Song et al., 2016) el sus

lim(C;) = N%ZR(Y)|Y6@(CL.) ()

lim(C;) = NLU zR(Y)|YeA_pr(Ci) ®)

YU pass jo 4SS olacl slass sy au Ny g Ny
Aps o plas |y aslass 3 ) 86 ol eedd g
aglais al _old g Ul sae b o Sl oglad

Sl sae

RN(Cy) = [lim(C) . lim(C))] *)
S dilaie alold

IBR(C;) = im(C;) — lim(C}) )

Ly, lawg G, slacl acgomme jo —ob, aldes

:&...u‘od.&ol.:.g\’ LA

RN; + RN, = %)
(Ll'Ul) + (LZ Uz) = (Ll + L2 ' Ul + UZ)
(L1.Uy) X K = (KLy.KUy)
RN; X RN = (L1.U;) X (Ly.Uy) O+
= (Ll XLZ 'Ul XUZ)
‘QT )é 45

Sl 00— ¢ 9o RN, = (L,.U;) ¢ RNy = (L1.Uy)
K #F0 a5 el sl vae K g o

sace 4 Loyl oo ¢ Bl olacel ' Sloy Bl wllee

1- Deportation Ruff

pf



e 8 S o (S 9 b (55l (g0l Sl ! guisa ]

RS LAY Gelde (2gy Slmlie G 5ls
LS 09,000 HLS a il o0 o e Voo

30 500 olic 4 G aie p B ol Conl

Al maie oz 5 (Vi) =295 Slanlie s 5L

o et dia | ey AHP glapls ploil (sl

(Qudosipour, 05,5 i Lo I Lo abal,  lba 035 s o lome ;o gl Lo las g loa 35
2016)  Slubre (gl g o plsml gy Slylia
(VYA (91 (owad) 295 Clunlio gty a2 55 -V Jgo>
Table 1- Grading of pairwise comparisons (Ghodsipour, 2013)

4z )0 &y T

) OlaSs el ail sl LSS Cussl paie 9o

Y P s 3l i B 50 i & S yate Sy

0 b sy A3l 5 0k RS pais 4 ol yate S

\ by ks s5n S8k 5 ok sl K08 paie 4 Sl pare SO

A Sl ool 392 55 a3k 5y ok eslall 393 o0 paie &) Cund pare Sy

YESA Sglad ;o mbiar G35

n
Xij = yij/zl Y H
AU L 2Y
|) (f>9) s_:'_m.’LO.o 03y JLA)J w).)l_ac 4_:1)0 XU aS

Q1))

(Qudosipour, 2016) wS o oyl |y o )Lose olass

Sl i o gl slaslis o o sl S o

L e anl)s ol gt gz Jol an ) (o295
aalsl yo 9 095 (il Jley (s29) Slamlie w5l
039 M= Ols— o0 ol (Sl 5l sl l Ly

Dgad delxs | (K) o, Lo
ol S D) a5 (6 S el e Sls
59— a0 35 slasm ] ;o4 S osb e m*n
shwanly zi aib e Lajlas slasin g L5

81

e 0 o0 dunlin | yaie L jaie o5 LK
dlio ,0 g 09 oo 00ls olais! o4y YU sloel

09_'*’(5" oolo ua.»_a:u u] u"’ﬁ—i’“ | l_’J )_M
1
Wij = y_,-i)

g s
Y =
Y11 Y12 Y13
Y21 Y22 Y23
Y31 Y32 Y33
. Y
Y = [y;] iLj=
1,2,3,...,n

o0 )S hSis o) Olawlin o sl 4 ol
g a3F 2 39 (O N g N llo)
.éé)f‘sn ML?LQ\& 9\? 9 \Y Ja.g‘g)

n
=Yl ), Vo an
i=



DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

gt a8lsl (5 leme a5 0y (ol (S izren
G5 S am g oad Ll ol S ccl (g, o
G ol 5o el py o slomil oo (o295
L a5 (glSBoliS o oo s ol
ool ol (g, ol 00 dngs Loy o) ol poe
e 9 aF—ie 09y 039 laul (IS ()
D)Ll 09,5 5 el )5 iz 5l JSiie (o295
Pl aaie g oSl Geizres 9 LSSl
oS @lwlid sl (s (g, sl =
SLeMbl (¢ psla—ozr (glymr 90,5 o JoS—i w0y
by Tail wofg rmy SlosSmn ) (plwlid Cg
J—slss el Jslse Sloasls Gulwlyy 4yl
wlilasals 5 5L aWlsw L s il Jalse 5 (5518,
39 4ts LS o9z g 059y (S alwlid sl
(BB (aasino 72 4) (aasio 09,5 Gn
Jol sladslitny @mls 4o azg b 03,5 0 @95
P e = Slajle Bds a4z L e s
ol (2l 4S50 0 (2 0 oS b
aalsl 000, 5 o Bi> el i la sl )
PMBOK o ,lasticsl ol s pya debiiws py ¥lg s
293 Py 193 Tl (ol dm 39 B e A
Lo g ot walys ol 5 deliton py ajoi o)l
ail plaz adope poa s il mlian any

.(Alizadeh, 2014) ol oo aslol b adgie aJo

o9y Lo Lbojg p sld Sy ) ) dmwlxo
Iy olacl b 48l arwyi ;9559

2 Bl e pya—eby wl—wlp ;o Sog b,

‘) JjL..mAj Sl o)l..:.:.o w LS}.‘."?M“"" JSL..w.a

0 55 el 0,8 A S B led o (GUA_wd (5 5k

e eSS s ol g olwlis 4 ols

Jo—taie ay g, oyl (Ataiee, 2010) cwl lbay3s

55

sl 53F sl awslie o pli ga 035 c el
Sy 6l ailie ol e 4 Cond (pwy 2 990
salii V8 alal) 5l e s ool sboas],s 5]

D9l o
m Xij
w0 (27 ) 0
ndi )\) 45

o et il =gl i g tpll Sl aie =z
Loas 5 olows =M 4 5,5
Ga—nas, 2l Jos=z 59l Sy sl
oyl 90 05— oo ool WY alayl, 5l laai 58
2 dejlre o5 (55 9 LA 035 (6 S pee——al
J.»al?- m*1 GLQJ L)M.’).’LA (I od_.{o)f u_))_»a )id\_i’
\)f sl 1

SMgl oa S,
.(Qudosipour, 2016)

\ ”’.L.s‘, (PP

= Lol 039 mls X S, 2l o35 o ile (YY)

‘_f‘i"" 23]

i 45 lalBae odlelas oy als s,
Sl oo S o B Gl 5 5 laasii
1a5 ) Glwlid S g plaasie o, L Sa ST,
~dsli e s by, ol o (Alizadeh, 2014) oL
bl o 098 0 22395 059, lwlid IS
el IS 5 ematiin sl Tos e 5 >k
ol p Jlow)l )1, S5 Slads 00,5 0 Jluw,l 059
355 3 e (g Ll o B L5V oy Vgao
5 a0l Ll e¥ly gy a g Lol S5 olaas



e 8 S o (S 9 b (55l (g0l Sl ! guisa ]

bl ghlo a3 Slos)l slo,loe Yo oso

Ao Al o Ao Comd  Joliaie sla el g ojlul

OP9= Sglie 5l (ol O 5l (655 5> j9late
L Lo les u»Lw\).g Loa s Ggl_;.)')l polie da,lize

g TG SR EPY S R | SR P O - W
DB (Sdie) S9—w g9 5l ) lome ST g0 o0
ol am bsmye wlio g pramal (o ils polis
g5 5l @olare SS1 eizmen sl e Sy VY
= oo o s poldie Bl (i) (Lo
g oo duloe Yo kel 5l T A bgyye ulie
adal; 51D ous Gulhio o el i le Sl o

03,5 o0 dwlone V)

% = xij J=123,..,n e lee )
Lty X
1
xu: :,]1 ]_112 3,..n QSO'“A)LM (Y )
=15
ij
[Zut Fin
_ X21 X2n
D= . YY)
Xm1 Xmn

d—wlzo g L)l (459 10 = Sl sp gm0 o5

Ay pand 9 10039 Jlmo i et ) Lo
o 9 St JT 0wy

el oy b a s a2g oAl ol o

AHP s, 5l (s 5o

oolii ol YY aLusl) y59 410 48 59] iy gl

e gla,lze

a5 5o -

D9 s

(YY)

w={w;,wy,...,w, }

)‘ Yy 4\..]4:‘) d-Ja fl] )lou” 00— JL—AJJ u»J)JL—A

3l e29S Ol A S o e OB 5 e,
1) ol asdlas sl ool g ails 35 105 lvai 35
sl glacle> sloul ay jol8 g oS o olpiiny
Sl ,5—S0g b9, (Zahraei et al., 2016)
60)_é ML JB‘A_> 9 "Q:A_?‘)::S‘" 05)_? )90 —42
Cwd 4o 63.9‘5_» J._> ol) 9 A_SGA w.c»‘)_e ‘) ";E!Jlébo"
ulfd._:)j p.«.o_»aa .la_wy F&‘) 4 s)._:‘y‘_ga 0d—s!
(Rezaei & Ghaybdoost, 2016) s a8 53y

39533 hsy o el DLl gl an T M g (6,5
So-don plaml oS slaplS i 4SSl
{(Shafiee Nikabadi et al., 2016)

o (g yilo JuSCiS 1 gl o8
Sl 5 5] s S (glal

fo 3y 3l ool
DL () Lo 235 cn (e sl 4355 1,5
Laiygimw 9 (emy Jlo 5o slrojg p)laay 3 sasns
6L‘°‘5—"‘*'.’.) ul_o.m — LQ)L:M 032> UL..M; n)

Mbsa Lfbo‘)’jj.; W) @L..ul...w
X11 N T
X21 X2n-
QFY!

Xm1 Xmn

‘U‘ )$ FLY

J )lﬁ.xnl.gt\.]a.g‘))a=i54.}.1}§ é)ij.o.:=xil'

05 o 2 ip90 pL—F

(83w Jlo i) o



DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

Ol ) S el 09,5 G55 (e V
bj_mksa 4_._9;)_14.:)0 °/() Y5_Ma 4_7..\_:3..\.6@
)’| S Q] )L)._s.o ‘u.ul_> 0—9‘9" O )9 30 yaiSrod
‘Yl_, d_e‘y Sye—2 0 9 ‘>9—”"L5'° A_d)f)_laajo I

(Huang et al., sgu aalys /0 3| sy o jlake
2016)

sy 35 (Gusudsd ) it o5

Q3R S polin pully a3 als o ol o
S dn SxsS jlogyS A 9 g Wl oe s,
e a5 Qog 5 50 nlyd 40 g onl e
oraly assls ) hd by g0 a5 ol
Az g AL glaaiS - ST((Bpdmy b)) byt
bl aad; a5l 55 43S ey 9 (sl
Aol L85 Y adaly 5 alb Q Jlode o eS
Q(4z) - Q(4y) = — (¥)
Sl Plao Ar a5 (S im0 oldpgs b
il Ty 43S n e R 9 S slowog 55l (0 0
sk
Ar Az gleay S ails )8y ol byt a Sl
iy e a5l ) 5 o138 Clyte 4. Am
dle (Vo) alalyaazg LM o ie o iy

=

D3,5
Q(4) - Q(A;) < —— )

9 A a3 9o 0l S pes by ba Siley s
(Carbone & Tippett, 2016) g o ool Az

A

Nikabadi et al., 2016)
x_ll x_ln fll . fln
[ ) T
ErBN s LR P AP

lere 2 Gl (e g e Jloun] Gead 6l

S 9 ey

ol ) (g 2 lade oy
g osai e te |y fij loeys eod Jls s
s VF by, bwgi oS ool [T fTosy
205 oo dwloee YO

fit=maxfi; = fij ooy QAD)

fi=minfi; = fij n i o)

Sl g (Gudwdg—w Hludio dwlxo i )lez o
43S 2 lp b

e Jloass] polie 5l a8 al ol olS ol jo

Lo cmgllas) S 5 iie g0l gy o o bie 5 e

Y5 Lals, 5l oolial Uy (iali Ly J3la) R g (35
35,5 5o dusla YV 4

fi = fij

Si = ;Lzl W]]i;‘_f]_] (Y?)
_ fi = fij

Ri = {Wj.—f;_fj_ } (YV)

(Q ;o) )55y 5 (AL dnlino 1p2xy o5

adaly ol a3 o sl j5Sus a3t Hlaie
.(Shafiee Nikabadi et al., 5,5 oo aloe YA
2016)

0= vl + -3

=

st =maxs; ,
R* = maxR,;

YA)

s™ =mins;
R™ =minR;



e 8 S o (S 9 b (55l (g0l Sl ! guisa ]

oy Sl g Sy 2SS BB (S £9-59
lostiiwl by jlosme bz ol os 5 plosl S
A Jol oad aniS ad> el (b A b,
95 ol 990 4l ol s bl
slmoilas o0t lalids slacSy ) SaadlS o
) ool il Ly «(55,5l8 )Ll 5 ol opsd
W3 93 )0 oS gy 25 pl—aas
Josz 0 4o 28 GlosSan; 5 (ol s,

oo g o
S by -

Oz 5 Oh—Siley jl JS—tiie (29 S
Ao el ol )58, bl aakis
Sy 5l Yl Vo Jol i a5 glanli i
5 sl LS s L) aee) oo
oa—b o=l (s by, (bl g 00— (Sl
Sy ima 3, cles jo s ol ol
Jleizl iy 0 Sy 18305 JLre ez oll

LW ug.lwb.w (_SL“M) —YJQ-\?
Table 2- Identified risks

. s,
Sy 059> (=8 g ) Sy 25 w9,
kel
SIS o e p3Y Shgzme ja0 b alal, jo laglejle (5 Sen pos
SIS S pae lwojyy sl (Salon pllas 0925 pac Son
< . . . & poe
S o e Do Gep g @S slaglejle )b 5l adlaine Sloseas 351 ’
x -
Sl wiile Al llol B,k 5l Sledstinl & 65wl jo b
L) e ’ ’ ST A5
b lio g s)loyeh b g 6 y5les
SIS S pae (S olwl 5o Bl DLy (9,5 LyiSe pue
oS g 039 Sl LSl (3155 Al 4 SSley ol pae
Ay
olew! 5l
5.5.’>
Ay o e Slo ol polds jo CeiSe Cudlad pace  Boi> DYl 0e2g B
(B)ojg
oS g ypie laols, |3 s Sl 5 asdlodl 392 %
IS WWRLINER U G5, b g bgtw aiile &olgs sladey > yais CgiSe Blad
039350 Ly i Gaibe) aeliy yuns eotan g (oxmb &ilge (10,5 Ll pae
039350 Ly i 059, pmlu 5l gloy oSl 10 0595 530,y aolip pas
p) BIC) 20 5) b eyl
oley Cu e Sl Bk 5l codly b gudaio (guiils, deliy &lyl pas ‘
' o - ) Sy 2ebip v
ole) Cupde OLSSlawy 5 leansd o gous e Laa> 4y ax g5 pac Cros
97
Sy S pde Eyan g rmb (B)lae (il Sb g e JolS (0 pae
SlbLs )| g pae Woloy Bl 5l @9 4 (6565 ormss pae
bl )l cu e oleand B b 51 Gl glo,lid 59>y
ARy &5:']50 t$L‘bQL").L“’ ‘—9)]9 )l leL” e «5“(5}.’.‘)1"’" u*’)’“" pos Ls“"l" L_QL‘b)L‘f"‘é ™
Olrand Co pae OH>desd pmle cslie Joles pue D) leasys 5

81



DA-AY Lo/ VFe e bl JAY 0,lons /YT s/ i} g (55l (510 ler puotige Cliios

o b sLSiuy, —Y Joua wald!
Table 2- Identified risks

(£ sl ) Swsy p)

Slbls )l cu pae

Slbls )l ey pae

oleaid Cu powe

SleMbl #3355 9 039 alial Sl 5 sbewl culedlbsl s ,5 oS
Sl
5 ceslinl

wiboes ally 5 biudgtas (ululy
PP SSUPS UV PSR PCONEN J SPUUN SN PV TIPS
00,5 oo Loy (omlow o xS ssmg
=Ssn
Olrand sass T
B) Hland

Slbls )l cu e

obey Ca o

Oy Cu pae

Oy Cu pae

a5 yide

a3 yide

IS Slaptanes 9 SleMbl (5l Cod)b 5l o )10 000
S5 o Ooge )18 e
b jleadly b Balaia TN 059 n Sdyd 2,8 Al pae
Sole
Sl sl 09,5 )3 0590 JSS paasie 9 Wlid)lS 0925 pue
L3, ()llai 09,8 50 039 J S paastie g wlid )5 9929 pae
b bl g luba 5 asa J71S 5 Co e pllss 3525 pae
LSl Lawgs

9 u)Uaa
s

Oy Y g 0l 5y asl 5l (ABly sloanyie (285 iy
SV slaaso
6&035).3 CoaS J),..S ‘5|).1 k_J}\SA o)b.st...:l (:Ua; S99 pas

e

oy ,o o] ol ad, g ools &, csly 48,5 ditus pas

Ay <o pde
Ay <o pde

Ay <o pde

wl.: yaass '“d\?b}g 9,&2.’ 5 pas
(C)R

a8l Lavass liel fdge 4 Lda pas

oy o s> jaadie g9, el poe S9p

Sl mle &y e

Sl mlie cy e Aib g0 0595 ) pz b csliie Waojg (59, Slows H) Sl

Sl e o e Wosgp 51 S5 Ol Slen Jliinl pas

CohsS Co pe
CohsS Co pe
CohsS Co pe
CodsS Co pae
KU RGN

LSRG

iy By 51 o 55 Syl e, poc
Slery Lo ool iy ol CodeS L o3 1ozl e pue
SRy U= ° 2R <l S g a8 I8 el pae
oy 385 cea pas
QBI'IL‘,.,_...ZLA 90 4 (psli pas

Eran dge g plas gge 4 el pas

Ol el
() Skey

99,5 « sk ale) go2 W byl Juday I suasie slacalys
(e 5 OLL b sle )5 (S

bl

Dss>

B




SBds b )lel glaojlu Slasl g dsl

P ad

S

ov9)

o slacsus ;) Lol Ve s o ol jo

b.oc\.l.uhl.m

J_..l.’z.: quﬁ) L},«Jl—u}‘).’ Sl 00y ul_u (u.._:l_: S>>

059y = Sy 55 eSS JLgs by oad

¥ Jyiz Ngboe (so—uas, AHP sl
U e bl 48 Cul (o2 Slanlie Joor

3Mdu)w‘)dso)5)_>)_>g5dw)

N o) &) olael Oy a a S S, Co pie

L 00 4.».9).? )|).9 wLw)lS

il -YJgaa

g o (g 33

f the impact of risk on the project

>9) &

PR

(Ol 9 432 Bld) 0592 52

irwise comparisons o

Table 3-Matrix of pa

BEEYY
8395

~J

2y A

3 FM) EM) D

ISy, Sy HSy, G

PUFIKES

RELE
PUTIKES

ol e
PYUFIKES

RELE
PUTIKEN

onb e
YU s

RELE
YU s

onb e
YU s

RELE
YU s

ol e
RUFIKEN

ol e
YU s

omb e

P ASw

[y

0.312

0.4

0.167

0.25

3.205

3.39

6.024

8.065

4.000

5.263

0.250

0.333

3.802

4.484

0.238

0.263

6.024

8.065

B S

321

2.5

0.217

0.263

4.202

4.651

5.208

6.024

4.000

5.263

0.167

0.250

5.208

6.024

0.333

0.500

7.042

8.929

4.6

3.800

5.814

7.042

7.042

8.696

4.000

5.263

0.217

0.250

4.608

5.747

4.608

5.747

7.246

11.111

0.312

0.295

0.238

0.215

0.172

0.142

6.211

8.13

3.003

3.497

0.217

0.263

3.401

4.525

3.610

4.566

8.000

11.765

0.166

0.124

0.192

0.166

0.142

0.115

0.161

0.123

0.172

0.227

0.179

0.244

0.217

0.250

0.167

0.250

4.000

5.263

0.19

0.250

0.190

0.250

0.190

0.333

0.286

5.800

4.4

4.202

4.651

2.604

3.356

2.604

3.356

5.405

6.435

4.6

4.6

3.8

56

4.1

0.238

0.215

5.618

7.042

5.208

6.024

6.623

8.264

0.263

0.223

0.192

0.166

0.217

0.174

0.294

0.221

4.600

0.384

0.298

0.178

0.142

0.385

0.625

6.410

8.000

4.2

3.8

3.000

2.000

0.217

0.174

0.277

0.219

6.000

0.384

0.298

0.192

0.166

2.600

1.600

7.634

1.136

J S

0.166

0.124

0.142

0.112

0.138

0.090

0.125

0.085

0.250

0.19

0.185

0.155

0.151

0.121

0.156

0.125

0.131

0.880

195

15.25

15.92

12.049

7.120

6.398

20.01

20.817

47.736

48.604

17.366

21.480

6.753

7.421

29.216

34.153

18.285
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Table 6- Final weight of risks based on four criteria
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Table 7- Weight of criteria
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Table 8- Significance of risks
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Table 9 — Ranking of Risks
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Table 10- Sistan plain agricultural irrigation project projects
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Table 11 - Matrix of decision making (negative criteria)
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Table 12- Scale dec

trix (normalized)
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0.37
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0.23
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0.18
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Table 13- Normal weighted matrix
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0.034
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0.024
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0.10
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0.21

0.18

0.18

0.13

0.21

0.19

0.22

0.20

0.22

0.16

0.23
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0.07

0.21

0.20

0.37

0.36

0.38

0.46
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0.29

0.29

0.37

0.36

0.29

0.29

0.28
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0.32

0.31
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0.40

0.41

0.28

0.30
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Table 15- Utility and regret values of projects
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Table 16 - VIKOR index value (Q) and project ranking
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Table 17- Determining the conditions of decision making
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Introduction

Huge investments are being made in the development of water resources to build water storage
and transmission systems for agricultural irrigation networks. Unknown potential hazards arise
during project implementation. One of the effective measures that can be taken to reduce this
depreciation is risk management. Risk management in the PMBOK standard includes risk
identification based on experts' opinions and risk ranking based on two criteria; probability of
occurrence and severity of impact. Some opinions and judgments of experts and decision makers
are a set of qualitative, vague and sometimes incomplete data. Hence the theory of rough
numbers can be used. In this study, Delphi method has been used to identify risks that can help
in screening and risk identification. This method has a predictive structure and helps to make
decisions in several stages, which ultimately leads to the collection and accumulation of
information. Hierarchical analysis method is used to rank the risks. In order to prioritize several
projects, taking into account the identified risks, the VIKOR method has been used. Third place
and concrete canal irrigation structures are in the fourth place for implementation with the
lowest cost in this field.

Methodology

Risk management is a systematic and forward-looking process. After identifying, measuring
and evaluating the hazards of irrigation structures, the Delphi method can reduce the scatter of
opinions of experts and specialists and cause multiple interactions between them. In this method,
a questionnaire is distributed to identify risks among project specialists and experts. Then the
answers are summarized and based on them, a new questionnaire is designed and sent to them
again. Questionnaires are usually sent 3 to 5 times. In order to evaluate, rank and decide on risks,
the qualitative responses of the respondents can be determined by the theory of approximate set
of numbers. Rough set theory examines vague and subjective information without any
presuppositions. In this theory, any ambiguous concept can be presented as a pair of precise
concepts based on high and low estimates.

The Analytic Hierarchy Process (AHP) method is used to rank risks. The calculation of weight
in AHP method is in the form of relative weight and final weight. Relative weight is obtained
from the pairwise comparison matrix, while final weight is the final ranking of each option
obtained by combining relative weights. Where Y=[yi]-] i,j=1,23,...,n is a matrix of

pairwise comparisons and the weight of each option x,=7y,/>{,¥, where X;in the
. . . X;i .
normalized matrix verse shows even comparisons. K; = (Z}LIN—’) And K, expresses the line

element i of the matrix weight of criteria and N expresses the number of criteria. In the next step,
each component of the pairwise comparison matrix is divided by the sum of its columns to
normalize the pairwise comparison matrix, and then using the arithmetic mean, the weight vector

81



Prioritization of Construction of Irrigation Structures With...

of the criteria (K) can be calculated. The decision matrix of optionsz;; =( i“;l%) where  z;
represents the element of row i and column j of the decision matrix and M the number of
options, and the following equation is used to obtain the final ranking of options.
Risk Significance Matrix = Final Risk Weight Matrix * Criteria Weight Matrix
VIKOR’s method is based on consensus planning in multicriteria decision-making issues and
categorizes issues in such a way that the decision-maker is able to identify and express the
superiority of one option among the options. In the VIKOR method, the following steps are
performed to select a better option:
Stepl: Form a decision matrix
Step 2: Scaling the decision matrix (normalization)
Step 3: Form the weight vector of the criteria and calculate the weighted normal decision matrix
and determine the positive and negative ideal point
Step 4: Calculate the amount of utility and the amount of regret for each option
Step 5: Calculate the VIKOR index (Q value)
Step 6: Rank the options

Conclusions

The results show that with the method of hierarchical analysis, the risks of weather conditions
and lack of commitment to perform the exact work of project implementation have been
assigned the highest score. In continuation, these risks are assigned to the irrigation structures of
the study organization. Using the VIKOR method, a list of ranking of irrigation structures based
on the impact of risk on their construction performance is as follows: the implementation of
irrigation structures under first-class pressure, construction of pumping station and second-line
transmission line piping, Execution of greenhouse irrigation structures ranks third and concrete
canal irrigation structures rank fourth. This ranking can help to manage risks and select projects
with less risk, and managers can also prioritize low-risk projects to build, and avoid high-risk
projects.

Keywords: Raff numbers, VIKOR method, AHP method, Delphi process, Risk management
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Table 1- Average water productivity index in economic sectors in some countries (Unit: Gross Domestic
Product (USD) per cubic meter of water)
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Table 2- Age status of the farmers involved in the project (percentage)
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Table 3- Percentage of farmers with special education and extension services for Sprinkler irrigation method
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Table 4- Number of land plots and their average size
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Table 5- Comparison of water requirement with applied water in traditional and sprinkler irrigation methods of
wheat (cubic meters per hectare)
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Table 6- Comparison of production costs in two irrigation methods (million Rials per hectare)
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Table 7- Comparison of average production in two irrigation methods (kg / ha)
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Table 8- Comparison of income and production cost in two irrigation methods (million Rials per hectare)
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Table 9- Independent variables of production function
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Table 10- Results of the translog production function
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Table 11- Comparison of water efficiency in two irrigation methods (sprinkler-traditional) wheat production
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Extended Abstract:
Introduction:

Water is a unique commodity and a very vital substance, and the limitations of this vital
substance affect the capacities of other vital resources such as food, energy, fish and wildlife.
One of the main concerns of human beings is water shortage, a shortage that is increasing every
year. Many people in developing countries now lack enough water to meet their basic needs.
One of the most important signs of water scarcity is the drying up of rivers, which is now
observed in a number of important rivers in the world.Of the world's total water, 97.4% is the
brackish water of the seas and oceans, only 2.6% is the freshwater reserves. Most of it is in the
form of ice in the poles of the earth and glaciers (1.98%) and groundwater (0.59%), which are
not available. Globally, the average consumption of fresh water in the drinking and health sector
is 10%, industrial, recreational and commercial activities and other cases is about 20% and
agriculture alone 70%. In some countries, especially African countries, up to 90% of freshwater
resources are spent on agriculture in the desert and coastal areas of Africa. In Iran, the share of
the agricultural sector in water consumption is estimated at 93%.

Including the strategic product of the agricultural sector; It is a wheat crop that produces
a total of 712 million tons in the world, which is 28% of the world's grain. Iran is the 13th largest
wheat producer in the world with a cultivated area of 7 million hectares (2.5 million hectares
irrigated and 4.5 million hectares dryland) and a production of 15 million tons. In the production
of which water is of great importance. Despite severe water resource constraints, the efficiency
of using this input is low. Implementing proper management on the optimal use of water in
farms and exploitation units in the form of policies and executive programs, is the most
important action that is taken in the optimal use of water resources and combating water
shortage and dehydration in different regions of the country.Among the measures taken to
improve productivity and save agricultural water consumption is the development of pressurized
irrigation systems. The present study was conducted with the aim of economic evaluation and
estimating the efficiency of pressurized irrigation methods in wheat crop in Ardabil province.
Methodology:

In economic and social studies, usually two methodologies and mathematical program
are used to achieve research objectives. In this study, for some reason, production function
methodology has been used. This is a descriptive and applied research that uses the method of
(questionnaires) to reach the top of the research. The study population is farmers in Ardabil
province (in some crops, the Sprinkler method has been introduced and in others it has not been
implemented).

Results and Discussion:

Estimates showed that the amount of water used in the Sprinkler irrigation method
compared to the volume of water used in the traditional irrigation method has decreased by 17%.
At the level of 5%, they have given meaning. But the volume of water used in the production

yor
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method with Sprinkler irrigation is about 30% more than the water requirement of the plant
(wheat). It is possible to reduce it by another 20%. In other words, by implementing the
Sprinkler irrigation method, up to 37% of agricultural water consumption can be saved. If we
consider productivity as the amount of product produced from each unit of input input,
according to the estimates made in this study, per cubic meter of water used in the Sprinkler
irrigation method has been produced 1.04 kg of wheat. Whereas in the traditional irrigation
method, the amount of wheat produced per cubic meter of water is 0.62 kg.

Conclusions and Acknowledgment:

Comparison of these two numbers shows that water efficiency in Sprinkler irrigation
method is more than 1.8 times compared to water efficiency in traditional irrigation method. In
general, the estimated production function shows that the use of Sprinkler irrigation method has
improved the composition of inputs and their proper and timely consumption. As a result, the
amount of product produced has increased compared to the agricultural situation with traditional
irrigation. And with the implementation of the new irrigation system, both the volume of water
consumption has been reduced, and production costs have been reduced, and that wheat
production has increased.

Keywords: Ardabil Province, Economic Evaluation, Efficiency, Irrigation, Wheat.
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Introduction

In steady flow, the minimum specific energy and the specific force occur at critical depths. But
will it be the same in the unsteady flow? In this research, using laboratory data of water surface
profile, the correctness of these equations in unsteady flow and the location of critical flow,
minimum specific energy and specific force will be investigated.

Methodology

Laboratory equipment

The experiments were performed in a channel with a width of 0.37 m, a height of 0.6 m and a
length of 3 m made of Plexiglas with a thickness of 2 cm located in the hydraulic laboratory of
the Technical University of Vienna.

Due to the importance of bed slope, especially in different water measurement structures,
Darvishi et al. (2017) attempted to correct the Boussinesq equations Eq (6).

Numerical model

The numerical scheme used by Darvishi et al. (2015) to separate the derivative term of the
variable f at point n from the distance of the four-point finite difference. The upstream boundary
condition was considered as the flow discharge changes with time. This hydrograph was used as
an upstream boundary condition in the unsteady flow.

Results and Discussion

In Figure 5, the position of the minimum specific force, initially has a displacement in the
positive direction X, but over time, its position moves upward. While the position of the
minimum specific energy and critical flow is constantly moving downstream to stabilize its
position after reaching a steady flow. Therefore, determining the critical flow position to
measure the flow in unsteady flow using the critical Froude number and minimum energy has a
higher confidence than the minimum specific force. In order to investigate Equation 2 in the
unsteady flow, the diagram of the changes of specific energy changes in the critical flow relative
to the unit discharge is plotted in Figure 7. These two graphs are exactly the same, which means
that Equation 2 in the unsteady flow also calculates the unit discharge correctly. These results
are consistent with the results of Chanson and Wang 2013. A comparison of this chart with the
chart provided by Castro-Orgaz and Chanson 2016 shows a significant difference. In their
diagram, the unsteady flow line does not correspond to Equation 2 and for qc greater than 0.04 it
deviates from Equation 2. The reason for this discrepancy can be related to the Saint-Vanant
equations used by them to simulate unsteady flows.

Figure 8 shows the changes in the depth slope at the critical depth (-hy)c relative to the product of
the critical depth multiplied by the curvature of the bed hczu. Equation 4 is also plotted in the
diagram. According to Castro-Orgaz and Chanson 2016 the relative error of estimation (-hy) ¢
using Equation 4 varies from 8.5% to 17.5%. For unit discharge of 0.03559 m?s in paper by
Sivakumaran et al. 1983 is also plotted on the chart. As can be seen, at values -hczux less than
0.05, the data correspond to the graph of Equation 4, but with increasing this value, it moves
away from this curve. In this case, the relative error is about 17%. So that the laboratory data
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does not match this curve. As Fenton and Darvishi 2016 have stated, Equation 4 often does not
provide the right results. While Castro-Orgaz and Chanson 2016 have considered this Equation
valid for values -hczoxx less than 0.15.

Conclusions

The position of the critical Froude number, the minimum specific energy, and the specific force
on the trapezoidal broad-crest for the inlet incremental hydrograph to channel were investigated
using the numerical solution of the modified Boussinesq equation and laboratory data. The
results showed that the position of the minimum specific energy and the critical Froude number
move in a short distance from each other and continuously in the direction of flow. While the
position of the specific force, first moves in the forward direction and after a while in the
opposite direction of the flow. The unit discharge is very close to each other in all three
positions, and in the minimum specific energy and the critical Froude number are exactly the
same. Specific energy was also plotted in critical flow wversus unit discharge. This diagram is
completely consistent with the specific energy relationship in the steady critical flow. In order to
judge this relationship more accurately, it is necessary to examine hydrographs with different
shapes. The singular point relationship for different beds in the steady flow was also
investigated. This relationship has a good accuracy for values less than 0.05 times the product of
the second order differential of the bed at critical depth on the studied beds. At values higher
than this, there is a relative error of up to 18%.

Keywords: Froude number, singular point, curved bed, minimum specific energy, minimum
specific force.
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dc/h
Jassl hoh 8
046 055 064  0.73 0.83 092 101  1.06
F.S 0 192 NAP NAP NAP  TRA TRA TRA  SKI  SKI
EO 019 192 NAP TRA TRA  TRA SKI SKI SKI  SKI
EO 0.38 19.2 NAP NAP TRA TRA TRA TRA SKI SKI
EO 056 192 NAP NAP TRA  TRA TRA TRA  SKI  SKI
EO 0.74 19.2 NAP NAP NAP TRA TRA TRA SKI SKI
ES 019 192 NAP NAP TRA  TRA TRA TRA  SKI  SKI
ES 0.38 19.2 NAP NAP TRA TRA TRA TRA SKI SKI
ES 056 19.2 NAP NAP TRA TRA TRA SKI SKI SKI
EP 019 192 NAP NAP TRA TRA TRA SKI SKI  SKI
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Table 3- Onset of flow regimes on different type of models

Jassl  hoh @ l

046 055 064 073 0.83 092 101  1.06
EP 038 192 NAP NAP TRA  TRA TRA SKI SKI  SKI
EP 056 192 NAP TRA TRA  TRA TRA SKI SKI  SKI
F.S 0 275 NAP NAP TRA  TRA SKI SKI SKI  SKI
EO 019 275 NAP TRA TRA  SKI SKI SKI SKI  SKI
EO 038 275 NAP TRA TRA  SKI SKI SKI SKI  SKI
EO 056 275 NAP TRA TRA  SKI SKI SKI SKI  SKI
ES 019 275 NAP NAP TRA  TRA SKI SKI SKI  SKI
ES 038 275 NAP TRA TRA ST SKI SKI SKI  SKI
ES 056 275 NAP TRA TRA  TRA ST SKI SKI  SKI
EP 019 275 NAP TRA TRA  SKI SKI SKI SKI  SKI
EP 038 275 NAP TRA ST SKI SKI SKI SKI  SKI
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Figure 5- Comparison of different obstacle on energy dissipation, slope 1:3
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Extended Abstract

Introduction

Step chutes as a structure are commonly used in earth dams and weighted concrete dams
(Chanson, 2001). The presence of a step in the spillway acts like a roughness compared to a
smooth chute, which causes the amount of air to enter and as a result, the amount of energy
dissipation in the direction of the spillway step increases. In recent decades, extensive research,
often laboratory-oriented, has been conducted by researchers to identify the type of flow, the
effect of step dimensions, the onset of aeration, and the mechanism of energy dissipation.
Further research has attempted to place continuous and discontinuous obstacles and roughness at
the bottom of the steps in Floors and edges of step with a variety of shapes and arrangements,
deformation of steps, creating angles along the spillway, creating angles in the floor of the steps
and edge obstacle, artificial aeration in the steps investigated the hydraulic conditions. In
general, in some cases, depending on the height of the obstacle used, the slope of the spillway,
the outlet flow, the type of obstacles and the location of the obstacle, the depreciation effect has
been positive or negative.

Methodology

The flume used was direct, with a length of 10 m, a width of 1.2 m and a height of 1.2 m
in the first 2 m, and 1 m in length of the flume with maximum flow rate 150 liters per second.
Measurement of water depth in the tail-water and upstream was carried out using a point gage
with an accuracy of + 1 mm. The spillway have 8 steps, where the vertical length of step (h) is
10.9 cm, the horizontal length of step (L) is 31.3 cm, and the total height is 87 cm, while at a 1:2
slope, the length of step is 20.9 cm and the total height is 88 cm. The image was recorded by
Sony FS5 camera with 240 frames per and second, along with 3 LED150 projectors.

Results and Discussion

In the 1: 3 slope in the transition regime, the obstacles used had a positive dissipation effect
compared to the flat step. In this slope and flow regime, the porous obstacle (EP) has a greater
dissipation effect than the porous screen (ES) and the full obstacle (EO), respectively, and in all
three expressed arrangements (EO, ES, EP) in this regime the relative height of 0.38 had the
highest dissipation rate. The superiority of the porous obstacle in this regime in energy
dissipation is due to the three-dimensionality of the porous obstacle, which depletes the flow
energy. Then in the procedure regime for 1. 3 slope, the results show that all three arrangements
used have increased energy dissipation compared to the flat step, in this case, respectively,
porous screen (ES), porous obstacle (EP) and full obstacle (EO), respectively. Had the highest
energy consumption. For example, at the maximum flow rate, the flat steep energy dissipation
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rate is 46%, which is 55% for the porous screen (ES), 52% for the porous obstacle (EP) and 49%
for the full obstacle (EO).

Conclusions

The present study compares the use of continuous obstacle, porous obstacle (3 dimensional)
and screen obstacle (2 dimensional) with three heights at the edge of the step at two slopes of 1:
3 and 1: 2 in all three flows regime of nappe, transitional, and skimming.

1- The placement of continuous obstacle with different shape (filled continuous, porous
obstacle and screen obstacle) at the edge of spillway for both slopes of this research causes the
onset of the flow regime shift to the flat step and start of the inception point of free aeration (IP)
was transmitted to a lower step toward the downstream relative to flat step on both slopes of the
present research.

2- Based on the BIV results and a comparison of energy dissipation, it can be stated that
continuous obstacles that can expand the mixing zones (including MZ and RF) increase energy
dissipation. In fact, the recirculation zone has less dissipation effect than the mixing zone.

3- The creation of a porous obstacle and a porous screen on both slopes has increased energy
dissipation compared to the full obstacle in all three flow regimes. This effect will increase with
increasing the relative height of the obstacle until it reaches the pool (RZp) on the steps.

Keywords: Energy dissipation, BIV Technique, Step spillway, Screen obstacle, Continuous
obstacle, Porous obstacle.
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