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Introduction
Hysteresis during supercritical flow is an issue that is not well understood. It occurs near structures in
water supply systems, water transmission lines, and channels. The hysteretic behavior of a flow
causes different states in the flow for otherwise identical conditions. (Defina and Viero, 2018)
investigated the behavior of supercritical flow near a vertical gate. They proposed a theory for
predicting hysteresis in the vicinity of a gate based on the Froude numbers upstream and downstream
of the gate as well as on the gate opening ratio. Their results also confirm the existence of hysteretic
behavior of the flow. The experiments also confirmed the validity of the theory on the effect of
upstream and downstream Froude numbers on hysteretic behavior. (Defina and Viero, 2010)
examined the various states created by the flow in a gradual narrowing. They showed that the friction
and slope of the channel floor affect the stability of the flow and can create different hysteretic loops.
The main purpose of this study was to investigate the contradictory behavior of supercritical flow
with a sill located in the flow path and with different geometries. The existence of such contradictory
behavior occurs due to hysteresis, for which there are relatively limited studies. Generally, the
occurrence of hysteresis at the collision of the flow with the obstacle is expected. As for the same
input current, two different behaviors are observed that behavior depend on the flow cycle. The flow
cycle means increasing the discharge to a certain value and then decreasing it to the initial discharge.

Methodology

The experiments were performed in a hydraulic laboratory with flume dimensions of 5 m in
length, 0.30 m in width, and 0.5 m in height. The walls are made from Plexiglass in order to provide
good visibility. The inlet flow was measured by two rotameters. The rotameters were installed at the
outlet of the pump and made measurements with a point gage with an accuracy of 1 mm. A sluice
gate is installed to provide supercritical flow. The gate opening was fixed at 2 cm in all experiments.
Sills including cylindrical, pyramidal, and rectangular cubic shapes were prepared to investigate the
shape effect. All three sill shapes were prepared with widths of 30 cm. The height of all sills in this
study was 3 cm. In this study, flow discharge in the range of 0.0045 to 0.01 m*/s was applied to all
models.
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Findings

The presence and absence of a hydraulic jump and the formation of two different profiles were
obtained. The effect of hysteretic behavior was quantified by creating a flow that increase of 0.0045
to 0.01 m*/s and decreased from 0.01 to 0.0045 m%s. Water was added or removed with increments
of 0.00041 m%s. Results showed that with increasing and decreasing discharge, two different
behaviors are seen under otherwise identical circumstances.

Increasing and decreasing the flow to otherwise identical discharges resulted in two surface
profiles in the same laboratory system. These two profiles were: a) Profile 1: in which sections 1 and
2 are in the subcritical regime, b) Profile 2: in which sections 1 and 2 are in the supercritical regime.
In this research, three sills with cylindrical, pyramidal, and rectangular cubic geometry with a height
of 3 cm have been used.

The main results are summarized below:

* In the M1 model, which used a cylindrical sill, hysteresis was formed in the Froude number
range from 3.62 to 5.08 by increasing the flow rate by more than 0.0058 m®/s. The flow regime
returns to supercritical by decreasing the flow rate to less than 0.005 m?/s, the flow regime returns to
the subcritical regime with relative depths of the flow in sections 1 and 2 that have increased by
85.38 and 82.57%, respectively.

* In the M2 model, which is used a pyramidal sill, hysteresis was formed in the Froude number
range 3.62 to 5.08. By increasing the flow rate by more than 0.0058 m®s, the flow regime returns to
the super-critical regime. By decreasing the flow rate to less than 0.005 m*/s, the flow regime returns
to the sub-critical regime. The relative depths of the flow in sections 1 and 2 increased by 85.31 and
88%, respectively.

» In model M3, which is used a rectangular cubic sill, hysteresis was formed in the Froude
numbers range of 3.94 to 5.08. By increasing the flow rate by more than 0.0058 m%s, the flow
regime returns to the super-critical regime. By decreasing the flow rate to less than 0.005 m?/s, the
flow regime returns to the sub-critical regime, that the relative depths of the flow in sections 1 and 2
have increased by 70.68 and 60.37%, respectively.

* The efficiency of hydraulic jump at the rectangular cube sill is higher than other sills, with a
relative increase of 72%.

Conclusions

The present study investigates, for the first time, the hysteretic behavior of a supercritical current
that can occur in a channel near additional structures such as a sill. The results showed that the
relative depth values of y1/yo, Y2/Yo, and Froude numbers in sections 1 and 2 were greatly increased,
while the hydraulic jump efficiency for the relative energy dissipation parameter at the cubic sill was
higher than the other sills. In the primary flow, these depths indicate the subcritical regime and in the
secondary stream, with hysteresis at some discharge rates, it indicates the supercritical regime.
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Table 1- Physical characteristics and hydraulic parameters variation of the present study (Sizes are in cm)

Model Model
Geometry

Discharge

(Lit/min)

Sill Dimensions (cm)

Height

Length

width

(Reg)

Y1icm) Yacm)

M1 Cylindrical

M2 Pyramidal

M3 Rectangular
cubic

275- 600

Cylindrical diameter =3.0
30 55287-121951

3
3

3
3

30

1.83~7.5 2.1~6.6
1.8~6.6 2~6.6
1.78~7.38 1.9~6.5

Sl G 95 9 B 3y 9 ondplmil Sy mslosT (g2 obw —F Jguar

Table 2- Scenario of tests performed and flow regimes and profiles

Model

Profiles (Fig.1)

Flow regimes

Profile 2

Profile 1

Section 2

Section 1

Fro
(vena
contracta)

Flow history

M1

ASASANENENENENRN

AV N N N NN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.313
3.621
3.941
4.230
4571
4.825
5.079
5.503
5.079
4.825
4571
4.230
3.941
3.621
3.313

2.958

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis

M2

L]

AN N N N YN N RN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.313
3.621
3.941
4.230
4571
4.825
5.079
5.503
5.079
4.825
4571
4.230
3.941
3.621
3.313

2.958

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis

M3

SNENENENEN

AN N N NN

Subcritical

Supercritical

Subcritical

Subcritical

Supercritical

n

Subcritical

3.941
4.230
4571
4.825
5.079
5.503
4.852
4571
4.230
3.941
3.621

Flow increasing

Increased flow caused
supercritical hysteresis
Decreasing flow

Decreasing flow caused
subcritical hysteresis
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Introduction

Water scarcity is the most important factor limiting the production of agricultural products,
especially in arid and semi-arid regions. Application of some materials such as superabsorbent
polymers in soil increases water retention in soil and thus reduces water consumption and fertilizer
leaching. These materials can reduce the effects of dehydration on the plant and lead to increased
yield in arid and semi-arid regions. In order to investigate the effect of superabsorbent under water
stress conditions on yield, yield components and some physiological characteristics of corn,
experimental plots were conducted in the form of split plots in a randomized complete block design
in Gotvand region in Khuzestan province. Three treatments of Aquasorb 3005 (600,300,0 kg / ha)
Al, A2 and A3 and four irrigation strategies (50,75,100,125) percent of water requirement 11, 12, 13
and 14 in three replications for two growing seasons, respectively Summer 2019 and spring planting
2020) were considered. Irrigation planning, biological yield, harvest index and canopy cover were
measured at different stages of growth seasons, based on which a growth simulation model was
presented using AquaCrop software. The results of this test showed that the use of Aquasorb 3005
increased product performance by one percent. In addition, the results show the effect of
superabsorbent application and irrigation planning on improving water efficiency. The highest grain
yield in spring and summer cultivation was related to 12A3 treatment equal to 9055 and 9255 kg / ha,
respectively, and the lowest yield in both crops was related to 14A0 treatment equal to 5977 kg / ha in
spring cultivation and 6344 kg / ha in summer cultivation.

Methods

The effect of different types of superabsorbents under the same moisture conditions and the effect
of similar superabsorbents under different moisture conditions on saturation moisture, saturated
hydraulic conductivity and water infiltration in soil showed a significant increase in soil saturation


https://jise.scu.ac.ir/

18
Rahmani et al., 46 (3) 2023 DOI: 10.22055/JISE.2022.39161.1999

moisture by applying superabsorbent polymers. While hydraulic conductivity decreased saturation
and permeability because soil pores were blocked by the volume of swollen superabsorbents during
more frequent periods of drying (Yan and Shi 2013). Superabsorbents reduce the loss of water and
nutrients by increasing water storage capacity, and thus help the plant to use more of the solution
received in the production process, and thus improve the efficiency of water and fertilizer
consumption. (Ahrar and Delshad 2009). Increasing crop yield and of course increasing water use
efficiency, due to the use of superabsorbent materials due to increased water and food storage
capacity in the soil, reduced food leaching, rapid and optimal root growth with better food storage
and aeration in the soil ( Sharifian et al. 2013).

This study was conducted in two growing seasons (summer planting 2019 and spring planting
2020) in the northern region of Khuzestan (Gotvand city). Spring corn that is cultivated from early
March to late March and harvested in July. The planting date of summer corn is from the second half
of July to the tenth of August and its harvest takes place in late November and early December. The
corn seed used in this design for cultivation is Semon cultivar, which was used for cultivation in both
cropping seasons. This experiment was performed as fragmented plots based on randomized
complete blocks with three replications. The treatments used in this study included water stress at
four levels (100, 125, 75 and 50% of water requirement) as the main factor and crop management
treatments at three levels as a secondary factor in three replications. The amount of aquasorb 3005
superabsorbent was added to the test soil at three levels (zero, 300 and 600 kg / ha) according to the
experimental design (tablel). The amount of superabsorbent used was mixed with soil by hand and
with a shovel. The amount of superabsorbent required per plot at a depth of 30 cm (maximum root
density) is evenly distributed from the soil surface.

Table 1- Irrigation and superabsorbent treatments in spring and summer treatments

Soil-water scenarios First growing period Second growing period
. Irrigation Biomass Irrigation

Treatsment | A Biomass (kg/ha) (I;/|0|) water (ka/ha) (I;/|0|) water

M Sy (mm) M Sy (mm)
11A1 0 14700 231 49 15450 493 51

11A2 125 300 15600 247 51 640.1 15950 569 53 751.8
11A3 600 16450 264 52 16950 416 56
12A1 0 15250 252 51 15950 379 52

12A2 100 300 16550 287 53 556 17250 777 53 666.3
12A3 600 17300 302 55 18850 635 56
I13A1 0 15150 245 50 15450 321 52

I13A2 75 300 15500 268 53 489 16450 231 53 559.1
I3A3 600 16700 297 55 17650 503 55
14A1 0 13100 189 43 13200 265 39

14A2 50 300 13300 232 45 336.7 13650 379 42 445.8
14A3 600 13550 246 44 14150 351 45

I: irrigation (%); S: Aquasorb 3005 (kg/ha); M: mean; Sd: standard deviation; HI: Harvest index

Dimensions of each plot are 5 x 3 meters. The distance between each repetition is two meters and
the distance between irrigation treatments is two meters per repetition and the distance between plots
is considered per repetition meter. The longitude was 48 degrees and 48 minutes east and the latitude
was 32 degrees and 13 minutes north with 65 meters.

Irrigation system implemented in this drip irrigation project (type) with a diameter of 16.5 mm
irrigation strips and a distance between the drippers of 10 cm and a discharge of 3 liters per hour was
used. Also, pressure control and measurement of irrigation water in each treatment were performed
by adjustable valve and volume meter, respectively. The water source used was the main canal of
Karun agro-industry branching off from Gotvand regulatory dam. The crop irrigation program is



19
Effect of Water stress and ... Vol. 46, No. 3, 2023

summarized based on the scenarios defined in (Table 2). It should be noted that in spring cultivation
due to rainfall at the beginning of cultivation was not irrigated. After that, two irrigations were
applied equally at a depth of 20 and 29 mm for all treatments and then low irrigation scenarios were
performed. In summer planting, the first irrigation was done in the same way to establish the plant
and not to face stress before seed germination, according to the water requirement, and then irrigation
treatments were applied at four levels.

The error coefficients used for the model calibration process are the mean squared error square
(RMSE), the Nash-Sutcliffe efficiency index (NSE), the normalized objective function (NOF) and
the absolute error (MAE) for the simulated and observed performance output values. The criteria
used in this study are obtained using the following equations.

12100, = P)?

B R OR S @
NoF = RMSE _ 2210 — P)?/m (2)
(0] (0]
vag - 2=l Al A3)
n

In the above equations, Oi is the value observed in Experiment i, Pi, the predicted value in
Experiment i, O, the mean of the observed values, and n is the number of observational data. The
minimum RMSE value is zero and the model error will decrease as it approaches zero. The NSE
index varies infinitely from one to negative, with values close to one being the best answer.

Table 2- Irrigation plans in spring and summer cultivations

Spring cultivation Summer cultivation

Iy I3 I, Iy Iy I3 I, Iy
Mm Mm Mm Mm Day Date mm Mm Mm mm Day Date No
20 20 20 20 1 99.1.3 32 32 32 32 1 98.4.25 1
29 29 29 29 3 99.1.5 32 32 32 32 2 98.4.26 2
124 161 185 215 5 99.1.7 30 30 32 30 3 98.4.27 3
16.1 215 25 26.5 11 99.1.13 34 34 34 34 7 98.4.31 4
18 23 28 34.2 18 99.1.21 35 35 35 35 13 98.5.6 5
144 185 26.6 323 24 99.1.27 21 21 21 21 17 98.5.10 6
135 199 25 317 33 99.2.5 141 18.7 24 28.5 22 98.5.15 7
155 244 325 36.3 40 99.2.12 30.3 39.8 48.4 56.5 28 985.21 8
10.1 166 21.2 22.6 47 99.2.19 29.2 47.4 54.4 62.1 34  985.27 9
13.3 19 242 26.2 53 99.2.25 26.2 39.3 54 63.6 40 98.6.2 10
175 29.2 32 34.8 60 99.3.1 24.2 31.2 441 56 46 98.6.8 11
145 221 292 35.8 65 99.3.6 31.3 43.2 58.5 60.6 51 98.6.13 12
135 192 241 32 70 99.3.11 21.8 34 49.2 61.6 57 98.6.19 13
175 282 32 38.8 76 99.3.17 18.1 29.4 35.3 43 64  98.6.26 14
142 197 222 29.2 82 99.3.23 18 24.1 31.3 38.3 71 98.7.2 15
14 185 26 325 88  99.329 12 18.1 22.3 27.1 78 98.7.9 16
19 36 42 44 .4 93 99.4.3 9.8 14.4 19.2 21.1 88  98.7.19 17
20 34 38 43.4 97 99.4.7 8 10.1 11.8 14.1 96  98.7.27 18
244 285 34 389 101 994.11 6.6 8.8 10.2 13.1 103 98.8.4 19
198 21.2 26 30 104 99.4.14 6.1 8.3 10 11.8 110 98.8.11 20
6.1 8.3 9.6 104 121 98.8.21 21
336.7 489 556 640.1 4458 559.1 666.3 751.8 Total(mm)

1,=50%water requirements«l3-75%:1,=100%:¢1,-125%
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Results

Table (3) shows the variance test for significant evaluation of the effect of treatments and
replications. As shown in the table, the effect of replication on the mean biological yield was not
significantly different. The results showed that the effect of different levels of irrigation and
application of polymer adsorbents as well as their interaction caused a significant difference in the
probability level of 0.01. Therefore, according to the results, improving soil and water conditions can
have a positive effect on crop production. There is a significant difference in comparing the average
biological yield in different irrigation and superabsorbent treatments in spring cultivation. In summer
cultivation, there is a significant difference compared to the average biological yield in different
irrigation treatments and the treatment of 100% water requirement is more effective and the
treatment is significant, but in superabsorbent treatments, there is no significant difference in
treatments A2 and Al, but with treatment. A3 have significant differences.

Table 3- Analysis of variance to evaluate the effect of treatments and replications on biomass
Source of variation  Degree of freedom Sum of squares Mean square F

Replication (R) 2 1128732 493691 13.4™
Irrigation (1) 3 637827382 19244365  86.4"
Error | 6 1463284 228235
Aquasorb 3005 (A) 2 14765843 7074537  91.37
Error A 4 335837 82432
Ax| 6 1034586 169453 68.7"
Error Al 12 207894 17534
Total 35 656763558

** * and respectively are significantly at the level of one percent, five percent and no significantly.

Conclusion

The results showed that with increasing drought stress, yield decreased significantly. The reason
for this can be attributed to the effect of drought stress by reducing leaf area index and disruption of
the process of absorption and transport of nutrients, which ultimately reduces the supply of nutrients
Results in reduced performance. Meanwhile, the presence of superabsorbent has been able to store
water and nutrients and release it under stress conditions, finally provide sufficient nutrients for the
plant and prevent a significant reduction in yield. Therefore, by using superabsorbent, it is possible to
achieve acceptable yield and increase water consumption efficiency by using less water. As a result,
in saving water consumption, by saving water, the area under cultivation is increased. In general, it
can be concluded that the use of superabsorbent polymer due to improved root ventilation, by
absorbing gravity water in a relatively short time after irrigation and also preventing soil compaction,
creates a very suitable environment for the plant and the plant in These conditions absorb water and
salts better. Regarding the nutritional effects of this polymer, it can be said that these compounds
increase the air in the soil, cause better efficiency of some types of chemical fertilizers and better
activity of soil microorganisms, or due to having a negative charge in the hydrated state, the
possibility of absorbing some ions. Have a positive in the soil.
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Table 1-Physical and chemical properties of farm

Organic P K pH EC Po PWP FC Texture Depth
Carbon(%)  (ppm)  (ppm) (ds/m)  (griem®)  (%On)  (%On) soil Of soil(cm)
0.731 29.2 385 7.36 0.85 1.54 9 25 Silt- 0-30

Loam
0.341 17.3 255 7.65 0.48 1.59 11 26 Silt- 30-60

Loam
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Table 2- Climatic parameters for two growing seasons

Growing season Month Temperature Relative humidity  Precipitation
Max °C  Min °C % mm
July 43.2 19.2 15 0
August 41.8 15.4 28 0
2019 September 36.8 11.2 34 0
October 321 8.4 41 0
November 27.4 5.2 47 12
March 18.2 4.3 46 46
April 22.7 11.3 38 16
2020 May 314 14.6 27 17
June 33.2 15.4 17 0
July 34.6 16.1 16 0
17 14
Al A3 A2 A3 Al a2 R,
{3 41 A2 Al 42 13 R
13 12 17 13 17 i2 R
Fig.1- Experimentai farm structure
o lo3T de 30 slilu -1 o
Ailul 9 olg iS58 (SslT ol y -t J9uo
Table 3- Irrigation plans in spring and summer cultivations
Summer cultivation Spring cultivation
L0 I3 Iy Iy I I3 Iy
No Date Day mm mm mm mm Date Day mm mm mm mm
1 98.4.25 1 32 32 32 32 99.1.3 1 20 20 20 20
2 98.4.26 2 32 32 32 32 99.1.5 3 29 29 29 29
3 98.4.27 3 30 32 30 30 99.1.7 5 215 185 16.1 12.4
4 98.4.31 7 34 34 34 34 99.1.13 11 26.5 25 215 16.1
5 98.5.6 13 35 35 35 35 99.1.21 18 34.2 28 23 18
6 98.5.10 17 21 21 21 21 99.1.27 24 323 26.6 185 14.4
7 98.5.15 22 28.5 24 18.7 141 99.2.5 33 31.7 25 19.9 135
8 98.5.21 28 565 484 398 303 99.2.12 40 36.3 325 244 155
9 98.5.27 34 62.1 54.4 474 29.2 99.2.19 47 226 212 166 10.1
10 98.6.2 40 636 54 39.3 262 99.2.25 53 26.2 242 19 133
11 98.6.8 46 56 441 312 242 99.3.1 60 34.8 32 29.2 175
12 98.6.13 51 60.6 58.5 432 313 99.3.6 65 358 292 221 145
13 98.6.19 57 616 49.2 34 218 99.3.11 70 32 241 192 135
14  98.6.26 64 43 35.3 294 181 99.3.17 76 38.8 32 28.2 175
15 98.7.2 71 38.3 31.3 24.1 18 99.3.23 82 29.2 222 197 14.2
16 98.7.9 78 27.1 22.3 18.1 12 99.329 88 325 26 185 14
17 98.7.19 88 21.1 19.2 144 938 99.4.3 93 444 42 36 19
18  98.7.27 96 14.1 11.8 10.1 8 99.4.7 97 434 38 34 20
19 98.8.4 103 131 10.2 8.8 6.6 99.4.11 101 389 34 28.5 24.4
20 98.8.11 110 118 10 8.3 6.1 99.4.14 104 30 26 21.2 19.8
21 98821 121 104 9.6 8.3 6.1
336.7
Total(mm) 751.8 666.3 559.1 445.8 640.1 489
556

1,-50%water requirements«l3-75%:1,=100%:1,-125%
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Table 4- Irrigation and superabsorbent treatments in spring and summer treatments

Soil-water scenarios

First growing period

Second growing period

Biomass HI Irrigation  Biomass HI Irrigation

Treatments | A (kg/ha) (%) water (kg/ha) %) water

M Sy (mm) M Sy (mm)
11A1 0 14700 231 49 15450 493 51

11A2 125 300 15600 247 51 640.1 15950 569 53 751.8
11A3 600 16450 264 52 16950 416 56
12A1 0 15250 252 51 15950 379 52

12A2 100 300 16550 287 53 556 17250 777 53 666.3
12A3 600 17300 302 55 18850 635 56
I13A1 0 15150 245 50 15450 321 52

I3A2 75 300 15500 268 53 489 16450 231 53 559.1
I3A3 600 16700 297 55 17650 503 55
14A1 0 13100 189 43 13200 265 39

14A2 50 300 13300 232 45 336.7 13650 379 42 445.8
14A3 600 13550 246 44 14150 351 45

I: irrigation (%); A: Aquasorb 3005 (kg/ha); M: mean; Sd: standard deviation; HI: Harvest index

gem Shes 3 1S 9 slesd T (0551 S b9 433 -0 Jaur
Table 5- Analysis of variance to evaluate the effect of treatments and replications on biomass

Source of variation

Degree of freedom  Sum of squares

Mean square F

Replication (R)
Irrigation (1)

Error |

Aquasorb 3005 (A)
Error A

AxI

Error Al

Total

1128732
637827382
1463284
14765843
335837
1034586
207894
656763558

493691 13.4"™
19244365 86.4"
228235
7074537 91.3"
82432
169453 68.7"
17534

** * and respectively are significantly at the level of one percent, five percent and no significantly
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Fig. 2- Comparison of yield production in different treatments for spring cultivations
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Fig. 3- Comparison of yield production in different treatments for summer cultivations
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Table 6— Analysis of variance of the irrigation and superabsorbent effects on plant in spring cultivation

Average squares Number of grain

Sou.rcg of of biological I—!arvest Rows per corn Weight of one Cob
variation X index Hundred seeds length
yield cob
ReplicationR) 2 ™0.13 24.11™ 274.75"™ 151™ 0.33™
Irrigation(l) 3 7.13" 176.40" 64046.62" 1056.76 " 39.06"
Error 6 0.25 4.96 167.04 60.85 0.48
Aquasorb o o o - -
3005 (A) 2 5.40 21.19 98205.08 1487.25 88.58
Error A 4 0.07 2.77 262.08 75.87 0.41
IxA 6 0.59" 7.15 1138.15™ 94.54" 1.62"
Error 1A 12 0.14 3.79 284.65 40.37 0.45

** * and respectively are significantly at the level of one percent, five percent and no significantly.

liwgl Sl 55 oS OBr 19w 9 SolT ST Wilislg 4 x5 - Y 9o
Table 7- Analysis of variance of the irrigation and superabsorbent effects on plant in summer cultivation
Average Number of

. Weight of one
Source of squares Harvest grain
variation of biological index Rows per H:;e%rsd Cob length
yield corn cob

Replication(R) 2 0.96" 66.36™ 2086.77"™ 8.58™ 0.08™
Irrigation(l) 3 23.80** 150917 116736.91" 907.40"™ 55.33"
Error 6 0.14 3.80 4773.11 11.21 0.52
?gg’;‘s(oAr)b 2 001" 881" 124016.19%* 48233 70.08"
Error A 4 0.40 16.52 869.77 8.79 0.66
Axl 6 0.35™ 10.22"  1927.30™ 2.62" 0.86"
Error I1A 12 0.29 17.52 861.66 5.47 0.22

** *and respectively are significantly at the level of one percent, five percent and no significantly
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Analysis of variance of the irrigation effect on plant in spring and summer cultivations—Table 8

Cultivation Blol_oglcal Grain yield Harvest Cob !\Iumber of Weight of one
season Treatment yield (kgih) index(%) length grainpercom o red seeds
(kg/ha) (cm) cob
Iy 15560b 7778b 51.77a 19.22b 503b 205ab
Spring I, 16560a 9055a 53.77a 20.77a 555a 213a
I3 16144ab 8800ab 54.66a 20.22ab 567a 218a
N 14510c 5977c 44.88b 16.11c 382c 193b
Iy 16111b 8789 53.22a 20.11b 528b 207b
Summer I, 17733a 9255a 53.55a 23.11a 668a 214a
I3 16533b 9011a 53.44a 22a 603ab 211ab
ly 13844c 6344b 45.22a 17.44c 403c 192¢

(A0 0 ) 1 Olaedo! mlaw) 4wl § 05l Cuis™ 13 obS p OB g gu FT Silko 4w lio-1 Jeuo

Table 9— Analysis of variance of the superabsorbent effect on plant in spring and summer cultivations

Cultivation Treatment Biological yield Grain yield Harvest Iecrgzh glruambggr co(r)r: Weight of one
season (kg/ha) (kg/h) index (%) (cm) cob hundred seeds

Ay 15204c 7225b 49.75a 16.25¢ 407c 197b
Spring A, 15656b 7735b 52.16a 19.33b 512b 204b

Ag 16378a 8748a 51.91a 21.66a 587a 219a

A 15266b 7500b 49.25a 18.25¢c 441c 199c
Summer A 15916b 8250b 50.41a 20.66b 568b 206b

As 16983a 9300a 50.41a 23.08a 642a 212a

(Confidence level: 1%)
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Fig.4— Comparison of era length in different treatments of water and super absorbent in spring

cultivations
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Fig.5- Comparison of era length in different treatments of water and super absorbent in summer

cultivations
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Fig.8- Comparison of the number of seed rows in different treatments of water and super absorbent
in spring cultivations
ol S 38 OBl g aw 9 (ST Lo (S Hlowd 30 1D i d )y Sl duglio —A I

18 16
i

€ 16 | 14
=] - &
E 14 12
= 12 |
= 10
S |
= s
2 8 3
o0 4
s 4T
= = | 2
a - - <]
g o o

125 100 75

irvigation treatments

o 300 600
super absorbent treatments(kg/ha)

Fig.9- Comparison of the number of seed rows in different treatments of water and super absorbent
in summer cultivations
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Introduction

Climate change means any specific change in the long-term average weather state that occurs for a
given location or for the entire globe (Goudarzi and Koupaei, 2020). Climate change is one of the
most critical factors threatening food security, and it is expected to make food and nutrition security
more challenging in the future (Carpena et al., 2019). It will affect the agricultural sector by changing
the irrigation water requirements, crop yield, and water productivity (Boonwichai et al., 2018; Liu et
al., 2019). Rice is the third most important crop in the world, following wheat and maize (Kapela et
al.,, 2020). The occurrence of water shortages and droughts have raised concerns about the
sustainability of rice production, including the main rice cultivation production region of Mazandaran
in Iran (Yosefian 2018). Most studies have reported that rice production will decrease in the future
due to a projected increase in temperature and a projected decrease in precipitation (Basak et al.
2010; Boonwichai et al. 2018; Nasir et al. 2020; Nicolas et al. 2020). Although many farmers,
particularly in Iran, feel that permanent flooding conditions for rice farming are inevitable, climate
change forces the use of water-saving technologies to ensure the long-term viability of irrigated rice
production in paddy fields (Yosefian 2018; Mirfenderski 2022). Accordingly, it is necessary to find
new methods for rice cultivation that reduce water use and make optimal use of the available water
for irrigation while maintaining yield under climate change. The goal of this study was to examine
the water requirement, water productivity, and risk of rice yield for different irrigation levels under
various climate change scenarios using a crop simulation model.

Methodology
Experimental site, rice crop, and irrigation treatments

A two-year experiment was conducted from May to August 2015 and 2016 at the Iranian Rice
Research Institute (36° 28' N, 52° 27' E; 29.8 m above sea level) in Amol, a city in the Mazandaran
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province in northern Iran. Experimental data were collected for the rice cultivar Hashemi, which is
one of the local cultivars and has the largest area under cultivation in the region during the past few
years (Yosefian 2018). Seven irrigation treatments were arranged in the randomized complete block
design and were replicated three times. The irrigation treatments included permanent flooding as a
control treatment (FI), Partial Root Drying irrigation at a matric potential of -10 kPa (PRD10),
Regulated Deficit Irrigation at a matric potential of -10 kPa (RDI10), Partial Root Drying irrigation
at a matric potential of -30 kPa (PRD30), Regulated Deficit Irrigation at a matric potential of -30 kPa
(RDI30), Partial Root Drying irrigation at a matric potential of -60 kPa (PRD60) and Regulated
Deficit Irrigation at a matric potential of -60 kPa (RDI160) (Yosefian 2018).

Meteorological data

Long-term historical daily weather data from 1984 to 2005, including minimum and maximum
temperature, total precipitation, and sunshine hours for the Gharakheil agrometeorological station
(36° 27" N, 52° 46' E) located at a distance of 27 km from the experimental field were obtained from
the Iran Meteorological Organization.

Generation of climate change scenarios

The historical dataset from 1984 to 2005 of the Gharakheil agrometeorological station was used
as the baseline data for evaluating the Second-Generation Canadian Center for Climate Modelling
and Analysis Earth System Model (CanESM2) General Circulation Model (GCM). The early-21%
century (2026-2047) climate variables under three emission scenarios (RCP 2.6, RCP4.5, and
RCP8.5) (Taylor et al., 2009; Moss et al., 2010) were created using CanESM2 based on the baseline
daily weather variables. The Statistical Down Scaling Model (SDSM version 4.2.9) was used to
downscale the weather variables for the local study area. According to Wilby (1999), SDSM captures
the inter-annual variability better than other statistical downscaling approaches, such as weather
generators. Ahmadi and Ghermezcheshmeh (2020) reported good performance of the SDSM for
climate change studies conducted for some stations in the Mazandaran province in northern Iran.

Calibration and evaluation of CSM-CERES-Rice

The Cropping System Model (CSM)-CERES-Rice of the Decision Support System for
Agrotechnology Transfer (DSSAT; www.DSSAT.net) predicts rice growth and development, and
final yield and yield components on a uniform land area (Jones et al. 2003; Hoogenboom et al.
20193, b). The model requires four sets of input data, including (1) daily weather data, i.e., maximum
and minimum temperature, total precipitation, total solar radiation; (2) soil surface and profile data,
i.e., soil texture, organic matter, total nitrogen, and various others; (3) crop management data,
including planting date and plant spacing, irrigation application amounts and dates, fertilizer
application amounts, dates, and types, (4) and cultivar coefficients (Hoogenboom et al., 2012).
Model calibration was performed by adjusting the cultivar coefficients to reduce the differences
between simulated and observed values for the main growth and development stages using the
Genotype Coefficient Calculator, GENCALC software embedded in the DSSAT v.4.7.5 software
(Hunt et al. 1993). The experimental data from 2015 were used for model calibration, while the data
from 2016 were used for independent model evaluation.

Crop Water Requirement (CWR) and Crop Water Productivity (CWP)

This study assumed that crop management, land use, and soil characteristics would remain the
same for the near future. Rice yield and crop water requirement from CSM-CERES-Rice were used
to estimate crop water productivity under different irrigation levels which is calculated by:

- )
CWP = —



37
Impact of climate change ... Vol. 46, No. 3, 2023

Where Y is the rice yield (kg. ha), ET¢ is the total amount of seasonal evapotranspiration (mm)
(Boonwichai et al., 2018).

Risk assessment

To estimate the risk of rice yield, the simulated historical yield for each year from 1984 to 2005
under different irrigation treatments and also the simulated future yield under different RCPs for each
year from 2026-2047 under different irrigation treatments were compared with a critical threshold,
calculated as the average yield for 22 years for the baseline period from 1984 to 2005. The risk of
rice yield was then defined as the percent of yield below the threshold, representing future yield
relative to the historical average yield (Liu et al., 2019). The risk of yield is estimated as follows:

R=—?=1Mix100%, Mi={1' =Y 2

n 0Y,>Y
R: risk of yield, M;. determination factors of yield, Y: yield (kg. ha™), Y: 22-year average yield for
the baseline period (1984-2005) (kg. ha™)

Results and Discussion
Crop water requirement and crop water productivity under climate change

The simulated crop water requirement is projected to decrease for all irrigation treatments except
under the RCP8.5 climate scenario Figure (1), which can be due to the nature of the mentioned
climate scenario, which is a pessimistic scenario. The results suggest that the average crop water
productivity will decrease between -1.17% and -4.4% for all RCP climate scenarios compared to the
baseline period (Figure 1). This can be due to the decrease in the length of the growth period
simulated using CSM-CERES-Rice, which will also influence the crop water productivity. However,
the highest amount of crop water productivity was related to the full irrigation treatment (FI) due to
the higher soil moisture than the deficit irrigation treatments (RDI and PRD), obtained between 1.02
and 1.05 kg.m™. Boonwichai et al. (2018) showed that the future crop water productivity for rice is
expected to decrease due to an increase in temperature and crop water use.

Change in Crop Water Requirenment (CWR) (%) Change in Crop Water Productivity (CWP) (%)
FI FI
PRDG60 PRD60
RDI160 RDI60
PRD30 PRD30
RDI30 RDI30
PRD10 PRD10
RDI10 RDI10
-1 -0.5 0 05 1 -6 4 2 0
w:RCP8.5 BRCP4.5 BRCP2.6 Z3RCP8.5 MERCP4.5 MRCP2.6

Fig. 1- Change in Crop Water Requirement (CWR) and Crop Water Productivity (CWP) for Hashemi
rice cultivar for different irrigation treatments [(Regulated Deficit Irrigation at -10, -30, -60 kPa (RDI10,
RDI30, RDI160), (Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)] and for different
Representative Concentration Pathways (RCP2.6, RCP4.5, RCP8.5) compared to the baseline period
(1984-2005)
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Crop risk yield under climate change

The simulation results for risk assessment of rice yield indicate that the rice yield risk will
increase for all RCP climate scenarios compared to the baseline period. For the full irrigation
treatment (F1), the risk will increase by only 4.5% compared to the baseline period. In contrast, for all
deficit irrigation treatments, the yield risk will increase between 9 and 22.7 % due to the increase in
drought stress (Figure 2).

®Baseline ORCP2.6 ARCP45 %RCP85

£ 5 8 5 m

1 4 1 4 1 4

80
70
60
50
40 L
30 A
20
10

opOX

Yield Risk (%)

RDI10 PRD10 RDI30 RD30 RDI60 PRD60 Fl
Irrigation treatments

Fig. 2- Rice yield risk for different irrigation treatments [Regulated Deficit Irrigation at -10, -30, -60 kPa
(RDI10, RDI30, RDI60), Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)] and for
different Representative Concentration Pathways (RCP2.6, RCP4.5, RCP8.5) compared to the baseline
period (Baseline)

Conclusions

The simulation results show that the risk of rice yield for all climate scenarios is higher for the
deficit irrigation compared to the full irrigation scenarios. An increase in the rice yield risk results in
a decrease in the water productivity of the crop in the near future. The results of this study indicate
that if the management methods remain the same in this region, in the near future, the yield for the
Hashemi cultivar will decrease. It will, therefore, be necessary to develop new irrigation management
strategies and cultivars that are more resistant to drought stress to adaptto climate change.
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Table 1- GCM feature to project the future climate in this study

General Representative Concentration Resolution
Circulation Pathway (RCP) (latitude x longitude) Modeling center Reference
Model (GCM) y Y
RCP 2.6 . Canadian Center for Chylek et al
CanESM2 RCP 4.5 2.79 x 2.81° Climate Modelling and (2011) '
RCP 8.5 Analysis (CCCma)
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Table 2- Summary of selected predictor variables and their respective predictands for the
Gharakheil agrometeorological station

Predictand Predictor-variables Partial Partial p-value
r-value
Maximum temperature Air temperature at 2 m (tempgl) 0.33 0
Minimum temperature 500 hpa Geopotential (p500g]) 0.78 0
Precipitation 1000 hpa Relative velocity of wind (p1-zgl) 0.07 0.01

b9 iy 090 b SDSM & hes -1 v
Table 3- SDSM model performance during the calibration and evaluation period

NRMSE PBIAS

Period Predictands %) %)
Maximum temperature 1.36 1.11

Calibration (1984-1999) Minimum temperature 1.97 1.52
Precipitation 12.26 9.11

Maximum temperature 151 1.18

Evaluation (2000-2005)  Minimum temperature 1.90 1.58

Precipitation 8.17 6.21
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Table 4- Change in maximum and minimum temperatures under RCPs for Gharakheil
agrometeorological station

Baseline (1984-2005) "RCP2.6 "RCP4.5 “RCP8.5
Maximum Temperature (°C) 21.18 21.52 21.58 21.61
Change (%) " - +0.34 +0.4 +0.43
Minimum Temperature (°C) 12.35 12.75 12.76 12.79
Change (%) " - +0.4 +0.41 +0.44

*RCP scenarios are projections for 2026-2047.

“ Changes are provided relative to the baseline from 1984-2005.

18 (6399Las” il olius! (51 9 RCP (Sl sbus 33 b3l O i —0 J9uie>
Table 5- Change in rainfall under RCPs for Gharakheil agrometeorological station

Baseline (1984-2005) "RCP2.6 *RCP4.5 *RCP8.5
Precipitation (mm) 656.43 619.96 607.35 663.49
Change (%) " - -5.55 -7.47 +1.07

*RCP scenarios are projections for 2026-2047

* Changes are provided relative to the baseline from 1984-2005.
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Fig. 1- Baseline from 1984 to 2005 and projected monthly climate for Maximum temperature (a)
Minimum temperature (b) precipitation (c) for the RCP2.6, RCP4.5 and RCP8.5 scenarios for the
period from 2026 to 2047
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Table 6- Genetic coefficients for the rice cultivar Hashemi

Genetic - Range of  Calibrated
L Description

coefficient values values

P1 Basic vegetative phase of the plant 100-880 100
P2R Photoperiod sensitivity in panicle initiation 5-300 36.20
P5 Grain filling duration 150-850 695.00
P20 rCartletlcal photoperiod of development occurring at a maximum 10-13 12,50
Gl Potential spikelet number coefficient 37-77.8 77.80

G2 Single grain weight
G3 Tillering coefficient
G4 Temperature tolerant coefficient

0.01-0.03 0.03
0.53-1.30 1.16
0.7-1.25 1.00
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Table 7- Calibration and Evaluation goodness of fit indicators of CERES-Rice model for the cultivar

(Hashemi)
NRMSE
Period Year (%) d (%) PBAIS (%)
Sim. 46 L
Anthesis (day) Obs. 49 Calibration 2015 6.50 6.50 6.52
Sim. 43 .
Obs. 51 Evaluation 2016 18.60 18.60 18.60
Sim. 95 W
Physiological Obs. 95 Calibration 2015 0 0 0
maturity (day) .
Sim. 92 .
Obs. 97 Evaluation 2016 5.40 3.20 5.43
Sim. 371 Calibration 2015 17.30 -16.80 16.80
. Obs. 3.14
Yield (ton/ha) sim 3.76
Obs. 284 Evaluation 2016 25.90 -24.40 24.00
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Fig. 2- Change in Crop Water Requirement (CWR) and Crop Water Productivity (CWP) for
Hashemi rice cultivar for different irrigation treatments [(Regulated Deficit Irrigation at -10, -30, -60
kPa (RDI10, RDI30, RDI60), (Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)] and

for different Representative Concentration Pathways (RCP2.6, RCP4.5, RCP8.5) compared to the
baseline period (1984-2005)
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Fig. 3- Change in yield for different irrigation treatments [(Regulated Deficit Irrigation at -10, -30, -

60 kPa (RDI110, RDI30, RDI160), (Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)]

and for different Representative Concentration Pathways (RCP2.6, RCP4.5, RCP8.5) compared to
the baseline period (1984-2005)
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Fig. 4- Rice yield risk tor ditterent irrigation treatments |Regulated Deficit Irrigation at -10, -30, -60
kPa (RDI10, RDI30, RDI160), Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)] and
for different Representative Concentration Pathways (RCP2.6, RCP4.5, RCP8.5) compared to the

baseline period (Baseline)
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Fig. 5- Cumulative Distribution Function (CDF) of grain yield difference compared to the average

value of the baseline for [Regulated Deficit Irrigation at -10, -30, -60 kPa (RDI110, RD130, RDI60),

Partial Root Drying at -10, -30, -60 kPa (PRD10, PRD30, PRD60)] and for different Representative
Concentration Pathways (RCP2.6, RCP4.5, RCP8.5
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Introduction

In this research, the sediment washing operation of the Sefidrood Dam reservoir has been simulated
using a Numerical Flow 3D model along with two turbulence models, RNG and LES. The results of
case studies performed on the Sefidrood Dam reservoir in 2004 have been validated. To simulate, an
area of the reservoir with an approximate length of 700 meters and also the dam wall meshed in the
form of 2 mesh blocks 1 and 2. Mesh block 1 was considered to include the dam wall, the area close
to the dam wall, and the lower Gates. The dam was considered to be a solid type, which is
unchangeable. Still, the geometry of the reservoir bed was defined as sediment because it changes
with the movement of the flow.

The results show that near the lower dischargers of the dam, the maximum amount of sediment
washing up to the reservoir bed is conical. The high values of the explanation coefficient (R2) and
the low values of the percentage of predictive error of the numerical model indicate the acceptable
results of the Flow 3D model with the LES simulator in the flushing modeling of Sefidrood Dam. A
comparison of the results suggests that the LES turbulence model has a better performance in
estimating the maximum scour depth than the RNG turbulence model, and the results are closer to
the flushing results performed in 2004.

Methodology

In this research, the Sefidrood dam is considered a case study. Sefidrood dam is a concrete type
located near Manjil city in Gilan province in Iran. This dam has a height of 106 meters and a wall
length of 425 meters. It was constructed and put into operation in 1962, aiming at storing water for
agriculture in Gilan plain, drinking water, and energy production.

The normal figure of the dam is equal to 271.65 meters above sea level, and the storage volume of
the reservoir in this figure is equal to 1760 million cubic meters. Sefidrood dam was designed and
dewatered with an initial volume of about 1800 million cubic meters and a useful life of 100 years.
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Sefidrood Dam is one of the most sedimentary dams in the world. Now more than half of the dam
capacity is filled with sediments. This amount of sedimentation in the Sefidrood Dam is 11 times
more than that in USA reservoir dams (Shafai Bajestan, 2012).

In this simulation, a flushing operation at the height of 234.6 meters, i.e., the height that Shas
operation was performed in this dam in 2004, was performed using Flow 3D software with two
turbulence methods, RNG and LES, and the results were compared with flushing operation
performed in 2004.

Flow 3D is a 3D model developed by the Flow Science company. Flow 3D is a non-hydrostatic
finite difference model that simultaneously solves three-dimensional Navirastox equations and
continuity (Flow 3D Help and Flow Science). To simulate the sediment washing of the Sefidrood
Dam reservoir in a Flow 3D software environment, five steps of Display, Analyze, Simulate, Model
Setup, and Navigator must be performed, respectively. To simulate the flushing operation of the
Sefidrood Dam with Flow 3D software, a range of the reservoir and the dam's wall meshed in the
form of 2 mesh blocks 1 and 2.

After entering all the required information into the software, including flow boundary conditions,
such as Reservoir water height, inlet and outlet flow at the simulation start, water temperature,
gravity acceleration, simulation time, etc., Flow 3D software solved hydraulic flow equations known
as NaviraStoke equations (which include the continuity equation and three momentum equations in
three different directions) inside each cell in different simulation time steps defined in the software.

Result

The results show that near the lower gates of the dam, the maximum amount of sediment washing
up to the reservoir bed is done in a conical shape. The general shape of the conical area at the
beginning of the sedimentation process consists of two separate and separable parts. The first part
consists of a central submerged cavity. The place of formation of this cavity is near the model wall
and along the lower valve, which causes the discharge of sediment by gravity. The second part
consists of a medium slope that leads to a smooth surface due to the flow's general movement
towards the central cavity. In pressure washing operation, Sediment washing is mainly done around
the gates. To reach the sediment washing channel along the reservoir and drain a large volume of
sediment, we must reach the river flow, called free-flow flushing.

Conclusion

Comparing the modeling results with the RNG turbulence model with the flushing results of
2004, the RNG model up to a distance of 180 meters from the dam wall shows more sediment
washing than the flushing of 2004. The reason could be the change in the grain size of the sediments
inside the reservoir and the size of the sediments and their greater adhesion in the area close to the
dam wall in the 2004 operation. However, in the range of 180 meters to 500 meters from the dam
wall, sediment washing in 2004 discharged more sediments from the reservoir than the RNG model.

Comparing the results of LES model with the results of 2004, LES model up to 120 meters from
the dam wall shows more sediment washing than in 2004. At a distance of 120 meters to 300 meters
from the dam wall, the sediment washing of the year 2004 has discharged more sediments from the
reservoir than the LES model. At a distance of 300 meters to 500 meters from the dam wall, The
results of the LES model are almost equal to the results of flushing in 2004. The results also show
that the LES turbulence model has higher accuracy compared to the RNG turbulence model, and the
results are closer to the flushing results performed in 2004.

According to the results shown in Table 5, high values of the coefficient of explanation (R2) and
low values of the percentage error of the numerical model predict the acceptable results of the Flow
3D model with LES simulator in flushing modeling of the Sefidrood dam. A comparison of the
results shows that the LES turbulence model has a better performance in estimating the maximum
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scour depth than the RNG turbulence model, and the results are closer to the flushing results
performed in 2004.
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Requested tank volume(Cubic Kilometers) egion
2020 to 2030 2010 to 2020 2000 to 2010
54 51 49 Europe
424 495 467 Central and South America
248 203 167 Africa
213 281 315 Asia and Oceania
939 1032 998 Total

(AtKinson,1996) 39g0 (298 Sgwy b O3 3 2B Jle Y Jau>
Table 2- Examples of reservoir with successful sediment washing (Atkinson,1996)

Reservoir Country Reference

Baira India Jaggy and Kashyep(1984)

Gebidem Switzerland Dawans et al(1982)

Gmund Austria Rienossl and Schnelle(1982)

Hengshan China IRTCES(1985)

Honglingjin China IRTCES(1985)

Mangahao New zealand Joweti(1984)

Naodehal China IRTCES(1985)

Palagneda Switzerland Swiss Nat.Committee on Large Dams(1982)
Santo Domingo Venezuela Krumdike and chamot(1979)
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Fig .1- Accumulated sediments behind the wall of Sefidrood dam
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Table 3- Dimensions and sizes of cells in mesh block 1

X direction Y direction

Z direction

Total number 117 36
Maximum cell size(m) 5.01 5
Total number of real cells in mesh block 1 336960
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Table 4- Dimensions and sizes of cells in mesh block 2

X direction Y direction Z direction
Total number 98 59 40
Maximum cell size(m) 10.02 9.93 1.75

Total number of real cells in mesh block 2
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Table 5- Comparison of the results of RNG and LES turbulence models and the results of flushing in

2004

Measurement  Flow 3D-
Station(m) of Flushing ~ RNG ﬂﬁ&f&}ﬁs EE"SS(E) E’:g'%m) R2-LES

Dam(m) Model(m)
0 193.500 193.100 193.4 1.3400 0.9500 1.9520
100 194.000 193.500 193.8 0.7100 0.7100 0.8774
200 193.600 193.800 193.9 0.0600 0.0600 1.1112
300 194.000 194.500 193.9 0.0324 0.1800 0.3811
400 195.000 195.300 194.8 0.0100 0.1000 0.1508
500 196.100 196.200 196.3 0.1500 0.5000 0.6868
600 197.500 196.800 197.5 0.2600 0.6000 5.0150

RMSE=0.57 MAE=0.454 R2=0.832
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Introduction

Drought is one of the most complex natural hazards that affect natural and human systems
(Wilhite et al., 2005, Wilhite et al., 2007). Greenhouse gas emission has contributed to climate
change in the last century (Van Pelt and Swart, 2011). Climate change has a significant impact on
the hydrological cycle and consequently on water resources, and the frequency and severity of
droughts and floods. The most reliable tool available for future climate simulation is the output of
coupled atmosphere-ocean patterns of atmospheric general circulation (Shakarami and
Massahbavani, 2007). The reports of the Intergovernmental Panel on Climate Change show that
if the current trend of greenhouse gas production due to the consumption of fossil fuels continues,
the concentration of these gases can reach more than 600 ppm before the end of the 21st century
(IPCC, 2007). The downscale model, which is a downscale statistical method, uses semi-
empirical distributions for simulation and downscale and can generate future climate parameters
at the station level. A major application of these data is to monitor and evaluate future droughts
(Hosseinabadi et al, 2020). In the occurrence of drought, there are many factors such as changing
the course of rivers and draining reservoirs, climate change and warming of the earth. Nowadays,
the increasing occurrence of drought has caused the attention of many meteorologists and
climatologists around the world. Drought indicators are used to diagnose and classify drought
conditions. These indicators include the possibility of evaluating the standardized precipitation
evaporation and transpiration index SPEI, the Palmer drought intensity index PDSI, the standard
runoff index SRI and the identification drought index RDI. SP1 and SPEI are the most common
drought indicators.

Methodology

In the current research, due to the importance of the correct management of water resources
and climatic conditions and recent droughts in Zabol city, the future drought situation of this
region has been investigated. The basic period of the data analyzed in the current research is 21
years (1985-2005). Also, the data related to GCM models are for micro-scaling the data related to
the two periods 2025-2045 and 2065-2085. For micro-scaling in this research, 4 GCM models
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related to the data of the 6th IPCC report including (BCC-ESM2-MR), (CanESM5), (MIROCS6)
and (MRI-ESM2-0) have been used. In this research, the SPI index has been consulted to
investigate the drought in the two studied periods in Zabul city. Standardized Precipitation Index
(SPI) can be calculated for any location based on long-term recorded precipitation data. Long-
term recorded rainfall data are fitted to a probability distribution and then transformed into a
normal distribution so that the average SPI at the desired location and period is zero (Edwards,
1997, Mishra and Singh, 2010). Calculating the SPI drought index in any of the time scales is a
major advantage of this index. During the recording period, rainfall data as well as the nature of
the probability distribution play an important role in calculating the SPI drought index, regarded
as a limitation of this index (Mishra and Singh, 2010). To calculate the SPI index, it is first
necessary to prepare a data set of monthly rainfall for a period of m months, which is ideally a
continuous period of at least 30 years. Then a set of averaging periods are selected to prepare a
set of time scales of 3, 6, 12, 24 and 48 months. These time scales are arbitrary and can show the
impact of the lack of rainfall on usable water resources.

Results and Discussion

The SPI index indicates a drought when it has negative sequences, and when these negative
values exceed 1, the drought intensifies. With the positive value of this index, the drought period
will end. Therefore, the duration of the drought is determined by the time of its beginning and
end, and its severity is determined for each of its months. The results in the present study show
that in both study periods in both SSP2-4.5 and SSP5-8.5 scenarios and in all the studied models,
the 6-month SPI index shows the largest negative value, and the changes in the drought index in
periods 12 and 48 months are close. Comparing the studied models and scenarios in Zabol city, it
was found that the BCC-ESM2-MR model showed 6-month SPI index and the CanESM5 model
showed a 12- and 48-month index more than other models. The drought index obtained in the
studied periods and all models indicate moderate drought in Zabol city. To compare the studied
scenarios in the present study, the average value of SPI index was calculated for four models and
its values were plotted at different time scales over the next 20 years for the next two periods.
Drought in the studied periods is demonstrated longer than the 6-month time scale. Also, in the
studied time scales, the two scenarios are almost the same, but in some cases, the SSP5-8.5
scenario shows more severe drought, which indicates moderate drought in the region.

In the present study, none of the studied time scales indicate wetness. At the 6-month scale of
the SSP2-4.5 scenario, in the first period, the number of drought years has increased only in the
MRI-ESM2-0 model, but the two models CanESM5 and MIROCG6 show an increase in the
number of years with severe drought. In the second period of this scenario and the first period of
the SSP5-8.5 scenario, the situation is the same, but in the second scenario, SSP5-8.5, the number
of years with normal status has decreased and the number of years with severe drought has
increased. In the 12-month time scale, the SPI drought index has also decreased the years with
normal status as well as very severe condition, except in the CanESM5 model, the first period of
the SSP5-8.5 scenario, compared to the base period. Also, the periods with moderate and severe
drought status have lengthened. On a 48-month time scale, the number of normal years has
generally decreased and the number of drought years increased compared to the base period.
Also, according to the results, in both future periods examined in this research, on average, there
are 2 periods of longer drought periods in all three time scales of 6, 12, and 48 months. In the
coming period of 2025-2044, the highest increase in the number of drought periods appears in the
48-month time scale of the CAN model with 5 periods and then in the 12-month time scale of the
MIR model with the number of 4 periods. In the upcoming period of 2065-2084, the largest
increase in the number of drought periods is 4 periods in the BCC model in the time scale of 12
and 48. Also, the greatest increase in the drought period in both future periods is related to the
SSP4/5 scenario. In general, in all models and time scales examined, the number of drought
periods has increased compared to the base period.
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Conclusions

In the present study, to investigate drought in Zabol city, 4 GCM models related to the data of
the sixth IPCC report including (BCC-ESM2-MR), (CanESM5), (MIROCS6) and (MRI-ESM2-0),
under two scenarios: SSP2- 4.5 and SSP5 -8.5 were used in the period 2044-2025 and 2084-2065.
The BCSD Downscale method has also been adopted to predict meteorological data in the target
periods. According to the results of the present study in both SSP2-4.5 and SSP5-8.5 scenarios
and all studied models, the 20-year average of 6 months of the SPI index shows the most negative
value, as well as changes in the 20-year average of the drought index. It is very close in 12- and
48-month periods. In addition, the comparison of models and scenarios in this study shows that in
the BCC-ESM2-MR model, the 20-year average of the 6-month SPI index and in the CanESM5
model, the 12- and 48-month index is larger than other models. Also, the SPI index in 12- and
48-month time scales shows the severity of drought in the studied periods more than 6-month
time scale, and in the studied time scales, both scenarios are almost the same. However, in some
cases, the SSP5-8.5 scenario shows the severity of drought. More has been shown. According to
the results of this study, in general, the years with normal status have decreased and the number
of years with drought status has increased compared to the base period. The results also show that
in the most pessimistic case, the number of dry years in Zabol city will be 14 and the CanESM5
model can be used to predict the drought index. Also, according to the results, in both future
periods examined in this research, on average, there are 2 periods of increased drought periods in
all three time scales of 6, 12, and 48 months. In the coming period of 2025-2044, the highest
increase in the number of drought periods is in the 48-month time scale of the CAN model with 5
periods and then in the 12-month time scale of the MIR model with the number of 4 periods. In
the upcoming period of 2065-2084, the largest increase in the number of drought periods is 4
periods in the BCC model in the time scale of 12 and 48. Also, the greatest increase in the
drought period in both future periods is related to the SSP4/5 scenario. In general, in all models
and time scales examined, the number of drought periods has increased compared to the base
period.
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Table 1- Geographical and climatic characteristics of Zabol synoptic station

Station  Longitude Latitude h(m) Tmean Tmax (°c) Tmin(°c) PR (mm)
(°c)
Zabol 31°2' 61°39' 482 38 49 -9.5 59.6
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Table 2- Specifications of large-Scale Models (GCM)

Row Model Name Developing Research Center Resolution
Country scale (degree)
1 BCC-ESM2- China Beijing Climate Center, China 1.12°x1.12°
MR Meteorological Administration
2 CanESM5 Canada Canadian Center for Climate Modelling 2.81°x2.78°
and Analysis-Canada
3 MIROC6 Japan National Institute for Environmental 1.4°x1.4°
Studies, The university of Tokyo
4 MRI-ESM2-0 Japan Meteorological Research Institute 1.12°x1.12°
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Table 3- Drought severity classification based on SP1 index

Drought Category Value
Extremely Wet >2
Very Wet 1.5-1.99
Moderately Wet 1-1.49
Near Normal -0.99-0.99
Moderately Dry -1--1.49
Severely Dry -1.5-1.99
Extremely Dry <2
Model Model
BCC CAN MIR MRI BCC CAN MIR MRI
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Fig. 3- 20-year average of SPI index for the next two periods 2025 to 2044 and 2065 to 2084 in Zabul
synoptic station
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Table 4- Number of dry years in the period 2025 to 2044 for models
and scenarios in different time scales

Near Normal Moderately Severely Dry  Extremely Dry Total Dry
Model  Time Dry Periods
Scale SSP2 SSP5 SSP2 SSP5 SSP2  SSP5  SSP2  SSP5  SSP2 SSP5
-4.5 -8.5 -4.5 -8.5 -4.5 -8.5 -4.5 -8.5 -4.5 -8.5
BCC 6 8 9 7 6 4 4 - - 11 10
12 10 8 3 5 3 5 3 1 9 11
48 8 9 4 2 - 3 4 2 8 7
CAN 6 8 7 5 7 6 4 - 1 11 12
12 9 9 2 1 7 5 1 4 10 10
48 5 9 5 1 2 3 4 3 11 7
MIR 6 7 6 7 8 5 5 - - 12 13
12 7 8 5 5 5 4 2 2 12 11
48 8 9 1 2 4 1 3 4 8 7
MRI 6 6 6 9 9 4 4 - - 13 13
12 8 8 5 4 4 4 2 3 11 11
48 8 9 3 2 2 1 3 4 8 7
obs 6 7 5 3 3 11
12 11 2 3 3 8
48 10 2 1 3 6
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Table 5- Number of dry years in the period 2065 to 2084 for models and scenarios in different time scales

Near Normal
Model  Time Dry

Moderately Severely Dry

Extremely Dry Total Dry

Periods

Scale SSP2 SSP5 SSP2  SSP5
-4.5 -8.5 -4.5 -8.5

SSP2  SSP5 SSP2  SSP5  SSP2  SSP5
-4.5 -8.5 -4.5 -8.5 -4.5 -8.5

BCC 6 7 6 8 10 5 3 - - 12 13
12 8 7 5 6 5 5 1 1 11 12
48 8 6 4 5 - 3 4 2 8 10

CAN 6 7 7 6 7 6 5 - - 12 12
12 8 9 2 2 8 6 1 2 11 10
48 7 8 3 2 3 3 3 3 9 8

MIR 6 7 5 6 9 6 5 - - 12 14
12 8 10 5 2 4 5 2 2 11 9
48 9 7 1 4 3 2 3 3 7 9

MRI 6 6 7 9 8 4 4 - - 13 12
12 8 8 5 4 3 5 2 11 11
48 8 9 2 2 3 1 3 4 8 7

obs 6 7 5 3 3 11
12 11 2 3 3 8
48 10 2 1 3 6
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Introduction

Hydraulic jump is used as an important energy dissipator phenomenon downstream of hydraulic
structures such as spillways, gates, and chutes. The US Bureau of Reclamation (USBR) surveyed the
state of knowledge in this field and presented practical guidelines for the design of different types of
stilling basins (Peterka 1958). However, it is always preferable to achieve maximum energy loss
with a minimum length and cost in the stilling basin. Experimental studies on the effect of gradually
diverging stilling basin walls on the hydraulic jump parameters have shown that diverging walls
cause a reduction of the sequent depth by up to 30%, a reduction of the length of the hydraulic jump
by up to 22%, and an increase in the energy loss compared with the classic hydraulic jump
(Kouluseus and Ahmad 1969; Khalifa and McCorquodale 1979; Omid et al. 2007). Hassanpour et al.
(2017) studied the characteristics of the hydraulic jump in a gradually expanding rectangular stilling
basin. They showed that the sequent depth ratio and relative length of the jump decrease with
decreasing divergence ratio. Arabhaabhirama and Abela (1971) studied radial hydraulic jumps in a
gradually expanding rectangular channel with divergence angles from 0 to 13°. The results showed
that the divergence of the walls causes reductions in the sequent depth and length of the jump and an
increase in energy loss as compared to the hydraulic jump in a straight rectangular channel.

Since the hydraulic jump changes the flow from the supercritical to the subcritical, on the
other hand, the flow depth is decreased in the expanding and diverging stilling basins in the
supercritical and subcritical conditions, respectively. The innovation of this research is the use of
divergent-convergent stilling basins to increase the performance of the stilling basins. The results of
the divergent-convergent stilling basin were compared with the classic and divergent basins as well
as previous research.

Methodology

All experiments were performed in a channel with a length of 11.0 m, depth of 0.7 m, and width
of 0.48 m. In this study, to investigate the performance of stilling basin, fourteen experiments with
different discharges were conducted on both divergent-convergent and divergent basins. As shown in
Figure (1), the length of the expansion and contraction channel was 85 cm and 65 cm, respectively.
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Moreover, the channel width was 30 cm and 48 cm at the first of expansion and contraction,
respectively.

by=0.48m

L=15m

[—F ]

b:=0.48m

|
=

1,=0.85m L;=0.65m Ls=1.40m

Fig. 1-The experimental stilling basin a) divergent basin; b) divergent-convergent basin

Results and Discussion

As shown in Table (1), in maximum discharge(Q=66.1 lit/s ), the maximum ratio of flow
depth (y2/y1) and jump length (Lj/y1) in the divergent basin are 6 and 24, while these values
in the divergent-convergent channel are 5.83 and 20.83, respectively. On the other hand, the
maximum value of 4E/E1 in the divergent and divergent-convergent basins is 0.70 and 0.73,
respectively. The results show that with increasing the Froud number the flow depth ratio
(y2/y1) and jump length (Lj/y1) increase in both divergent-convergent and divergent ponds
gradually, but both of these values in the divergent-convergent basin are always less than
those in the divergent basin. For example, for the Frl = 6.96, the flow depth ratio in the
divergent basin is 7.06 and decreases to 5.88 in the divergent-convergent basin (reduction of
17%). Furthermore, for Frl = 6.96, the Lj/y; is 21.18 and 27.94 in the divergent-convergent
and divergence basins, respectively.

To evaluate the performance of the divergent-convergent and divergence basins, the
results were compared to the classic basin. The maximum y,/y; and Lj/y; in the divergent-
convergent basin decrease by 35.5% and 95.7%, respectively, compared to the classical
basin, while for the divergent basin the reduction is 31.7% and It is 69.9%. Furthermore, the
energy loss ratio (AE/E1) in divergent-convergent and convergent basins has increased by
23.9% and 19. 8%, respectively. The results indicate that the performance of divergent-
convergent basins is much better than divergent and classic basins. Finally, several equations
were developed to predict the flow depth ratio and jump length ratio in the divergent-
convergent basins.
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Table 1-The hydraulic jump characteristics

NO Q Divergent basin Divergent-convergent basin
(Lit/s)
E E E 2 ¢ = E E E 8 Z ¢
T oo o 2 2 3§ 3 T @ o 8 2 & I
1 66.1 6.29 104 031 073 070 6.00 24.00 6.69 112 030 082 073 583 20.83
2 58.0 6.47 099 030 068 069 6.44 25.11 6.06 091 027 064 071 532 18.09
3 56.0 668 100 030 071 070 6.63 26.05 6.24 092 026 066 072 544 19.11
4 54.5 699 1.04 029 075 072 6.88 26.83 650 095 025 070 073 558 1953
5 53.5 725 108 029 079 073 7.09 26.58 661 09 024 072 075 548 19.05
6 49.5 711 100 029 071 071 7.24 27.63 659 091 023 067 074 550 1875
7 45.0 731 097 027 070 072 743 28.57 6.47 083 022 061 074 539 1895
8 41.0 696 086 025 061 071 7.06 27.94 696 086 021 065 075 583 21.18
9 40.0 710 087 026 061 071 745 28.79 744 092 022 070 076 641 21.88
10 38.0 741 088 024 064 072 758 29.03 741 088 021 067 076 645 2161
11 320 768 082 023 059 072 830 31.48 690 072 019 053 074 6.03 20.69
12 29.5 871 092 023 069 075 936 34.04 794 081 018 063 078 6.80 24.00
13 255 959 094 022 073 077 1050 38.50 832 078 017 061 078 755 2591
14 23.5 955 0.89 020 068 077 1026  39.47 884 080 017 063 079 800 2850
Conclusions

Hydraulic jump is used as an important energy dissipator downstream of hydraulic structures such
as spillways, gates, and chutes. The innovation of this research is to use divergent-convergent stilling
basins to increase the performance of the stilling basins. The results indicate that in the divergent-
convergent basin, the depth ratio (y2/yl) and jump length (Lj/yl) decrease by 35.5% and 95.7%
compared to the classical basin, respectively. The reduction of these values for the divergence basin
is just 31.7% and 69.9 %, respectively. Furthermore, the energy loss in divergent-convergent and
divergent basins has increased by 23.7% and 19. 8%, respectively. Finally, several equations were
recommended to predict the ratio of conjugate depths and jump length using dimensional analysis
and two analytical and regression methods. In light of this study, it can be concluded that divergent-
convergent settling basins with smaller dimensions and greater energy loss are much more suitable
alternatives for classical and divergent basins.
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Table 1-Range of experimental parameters

Variables Q Fr; 1 Yo V,
(m%/s) (cm)  (cm) (m/s)
Range of 23.5-66.1 6.05-10.5 1.9-5 16-30 3.6-4.59
parameters
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Table 2-The suggested equations for depth ratio

Researcher(s) Type of Stilling Equations
Basin
Bélanger (1828 Classic jum 1
ger (1828) JmP %=E(—1+ 1+48F?)
Herbrand (1973)  Sudden divergent y 5 1
2 - [e— —_— —
y. B'' 2B
Alhamid (2004) Sudden divergent ;2 _ %(\/1 4 8IF2(1+ 0.25In B)(+nF)] — 1)
1
Matin et al. Sudden divergent y2 1 5 2 ip2
(2008) ;—E(\/1+8E —1) B2 =K7'F} K
1
Varaki et al. Gradual divergent 1y, 0.5444
(2014) 5, = 0309 + 1)34542( + 1) 704197 (FP5175) (;) +1.4396
Hassanpour etal.  Gradual divergent V2 ( r )
— =0.832(F;) +1.998(B) — 1.25(—) + 0.432
(2017) y, ~ VBRE HL998(B) 125 ()
B=b2/b1

Divergent
Conversion

b;=0.48m

Ogee Spillway pjergent Convergent

Conversioy S Conversion

b1=0.3m i b»=0.48m
| ] 1
— =

L;=0.85m L>=0.65m L;=1.40m
= = =

Fig. 2-Stilling Basin A) Gradual divergent; B) divergent-convergent
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Table 3-Collected data for gradual divergent and divergent-convergent

NO Q (Lits)

Gradual divergent

Divergent-convergent

yl(m) y2(m) Lj(m) V1i(m/s) V2 (m/s) yl(m) y2(m) Lj(m) VI1i(m/s) V2 (m/s)
1 66.1 0.050 0.300 1.200 4.407 0.508 0.048 0.280 1.000 4.590 0.590
2 58.0 0.045 0.290 1.130 4.296 0.476 0.047 0.250 0.850 4113 0.546
3 56.0 0.043 0.285 1.120 4.341 0.479 0.045 0.245 0.860 4.148 0.538
4 54.5 0.041 0.282 1.100 4.431 0.483 0.043 0.240 0.840 4.225 0.524
5 53.5 0.040 0.280 1.050 4.515 0.494 0.042 0.230 0.800 4.246 0.531
6 495 0.038 0.275 1.050 4.342 0.465 0.040 0.220 0.750 4.125 0.513
7 45.0 0.035 0.260 1.000 4.286 0.450 0.038 0.205 0.720 3.947 0.505
8 41.0 0.034 0.240 0.950 4.020 0.446 0.034 0.200 0.720 4.020 0.483
9 40.0 0.033 0.246 0.950 4.040 0.425 0.032 0.205 0.700 4.167 0.487
10 38.0 0.031 0.235 0.900 4.086 0.426 0.031 0.200 0.670 4.086 0.474
11 32.0 0.027 0.224 0.850 3.951 0.381 0.029 0.175 0.600 3.678 0.458
12 29.5 0.024 0.220 0.800 4.184 0.362 0.025 0.170 0.600 3.933 0.435
13 25.5 0.020 0.210 0.770 4.250 0.331 0.022 0.166 0.570 3.864 0.405
14 23.5 0.019 0.195 0.750 4.123 0.328 0.020 0.160 0.570 3.917 0.388

RIN G119 dxog 9 [Ron—| 5719 4o 92 53 Ob 2 4 bgr e Syl dplbme-t Joui
Table 4-Calculation of flow characteristic in for gradual divergent and divergent-convergent basin

NO

O©CoO~NOUIhWNBE

Q
(Lit/s) Fr1

Gradual divergent basin

Divergent-convergent basin

El E2 AE (AEED) (y2iyl) (Ljlyl) Frl E1 E2 AE (AEEl) (y2iyl) (Ljlyd)

(m (m) (m) (m (m) (m)
661 629 104 031 073 0.70 600  24.00 669 112 030 082 073 583  20.83
580 647 099 030 068 0.69 644 2511 606 091 027 064 071 532  18.09
560 668 1.00 030 071 0.70 663  26.05 624 092 026 066 0.72 544 1911
545 699 104 029 075 0.72 688  26.83 650 095 025 070 0.73 558  19.53
535 725 108 029 079 0.73 709 2658 661 096 024 072 075 548  19.05
495 741 100 029 071 071 724 2763 659 091 023 067 074 550  18.75
450 731 097 027 070 0.72 743 2857 647 083 022 061 074 539 1895
410 696 086 025 061 0.71 706  27.94 696 086 021 065 0.75 588  21.18
400 710 087 026 061 0.71 745  28.79 744 092 022 070 0.76 641  21.88
380 741 088 024 064 072 758  29.03 741 088 021 067 0.76 645 2161
320 768 082 023 059 0.72 830 3148 690 072 019 053 0.74 603  20.69
295 871 092 023 069 075 936  34.04 794 081 018 063 078 680  24.00
255 959 094 022 073 077 1050 3850 832 078 017 061 078 755 2591
235 955 089 020 068 0.77 1026 39.47 884 080 017 0.63 0.79 800 2850
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Table 5-Percentage of variation for secondary depth, jump length and energy loss in different basins

Q Variation between divergent- Variation between gradual Variation between gradual
convergent and classic basins divergent and classic basins (%) divergent and divergent-
(%) convergent basins (%)

(AE/E1)  (y2lyl) (Ljlyl) (AE/E1)  (y2lyl) (Ljly1) (AE/E1)  (y2lyl) (Ljlyl)
66.10 23.79 -35.51 -95.79 19.89 -31.75 -69.96 4.87 -2.86 -15.20
58.00 24.96 -37.69  -104.76 23.42 -13.65 -47.47 2.02 -21.16 -38.85
56.00 24.55 -38.31  -100.76 23.05 -13.61 -47.31 1.94 -21.74 -36.29
54.50 25.86 -35.55 -97.58 24.26 -10.00 -43.86 2.12 -23.23 -37.34
53.50 27.22 -37.79  -101.96 25.53 -6.45 -44.72 2.26 -29.44 -39.56
49.50 30.26 -28.51 -88.65 27.42 2.33 -28.01 3.92 -31.58 -47.37
45.00 29.49 -31.84 -88.20 27.89 4.26 -24.81 2.22 -37.70 -50.79
41.00 30.05 -22.91 -71.99 25.65 -2.42 -30.35 5.92 -20.00 -31.94
40.00 25.23 -29.07 -93.64 19.05 -9.30 -47.14 7.63 -18.09 -31.60
38.00 24.35 -27.86 -99.00 20.47 -8.81 -48.15 4.89 -17.50 -34.33
32.00 26.79 -25.11 -86.05 24.45 9.00 -22.27 3.09 -37.48 -52.16
29.50 29.69 -12.50 -63.10 27.20 18.28 -14.98 3.43 -37.67 -41.84
25.50 23.78 -14.88 -76.43 23.14 17.45 -18.73 0.83 -39.16 -48.60
23.50 17.80 -29.38 -98.26 15.95 -0.85 -43.14 2.20 -28.29 -38.50
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Table 6-Suggested equations for hydraulic jump parameters in divergent-convergent basins

Equation R? RMSE MAE
b
Y2 = —0.473 + 0.884F, + 0.037 = 0.973 0.132 0.117
i}l b}’1
2T = 328 +3.408F, + 0.052(=)  0.957 0.60 0.52
Y1 Y1
10 - ) 30 _
A s --"I‘IQ“ 28 4 B 8 r,,-"' P Q,&Q\‘
o * _.-"I ﬁ‘l} e e -
d _r'}‘ 26 o R 1
8 _‘ll,r";;h 24 - 1/"'- 3 ',_."’;,vi‘
o e ’ = n ,-“"'" '
E 7 e - = ..
Dt t-c0! it — -Convergen
E P RRAS0:273 ‘(r?gf:slmn:nﬁud) 5:. 16 4 R?=0.957* (regression methnd)
5 1 R*=0.984 Divergent-convergent A Ri=0.979 +Divergent-convergent
(analytical retliod) uy (@analgtical methad)
4z 12
4 5 6 7 B ° 10 12 14 16 1B 20 22 24 26 28 30
yzfy 1(Observed) Lj /y 1(Observed)

Fig. 6-A comparison between observed and calculated data at divergent-convergent basins a) flow depth
ratio, b) jump length ratio
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Introduction

Drought refers to the lack of rainfall in the long trun, which is one of the most important natural
disasters due to its spatial extent and short-term and long-term economic, social and
environmental consequences (Nikbakht and Moradi, 2019). Factors affecting the physical,
chemical and microbial properties of surface waters: precipitation, geographical location, climate,
geology, industrial activities, domestic wastewater, agriculture, mineral pollutants, etc. can be
mentioned (Mishra et al., 2017). In addition to drought, land use changes change the hydrological
cycle of the basin and upset the balance between rainfall, evaporation, soil permeability and
runoff (Farokhzadeh et al., 2016). Land use is one of the most important factors affecting the
quality of surface water resources, especially rivers, as land population changes, land use patterns
change. Therefore, runoff from rainfall as well as urban wastewater discharge leads to an increase
in the amount of nutrients and other pollutants into rivers and surface water sources (Moradi et
al., 2012). Tahiru et al. (2020) investigated the impact of land use change and land cover on
water quality in a catchment area in the northern region of Ghana. Their results showed that there
is a positive relationship between land use change and land cover and water quality parameters.
Soltani-Gerdefaramarzi et al., (2021) investigated the effect of land use on surface water quality
under both wet and dry periods in the Godarkhosh watershed. The results showed that barren and
residential lands had the greatest impact on surface water quality and rangeland and forest land
use showed a negative correlation with water quality parameters. Also, a strong significant
relationship was found between water quality parameters and land use in dry years. Lei et al.
(2021) investigated the effects of land cover, topography, and soil on water flow quality at
multiple and seasonal spatial scales in a German lowland catchment. Overall changes in water
quality on larger scales were estimated better in the summer. Due to the location of Iran in the
dry land belt, most of its area will experience drought during most days of the year, which will
cause changes in water and environmental resources. Biology, economic growth and
development, agricultural activities, etc. are essential; on the other hands, land use changes have
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a significant impact on surface water quality. This effect can improve or reduce the quality of
surface water. These changes have a great adverse effect on the environment and water resources,
so the control and monitoring of surface water for various uses is necessary to make water of
good quality available to the public. One of the main sources of drinking water, agriculture and
industry in Isfahan province is the Eskandari watershed and the Plasjan river. Therefore, paying
attention to water resources is one of the appropriate and necessary management measures at the
level of the entire basin. Therefore, in the current research, land use changes during two periods
of drought and drought have been investigated on the quantitative and qualitative parameters of
the Plasjan River.

Methodology

Plasjan river basin is located in the west of Isfahan province in the range of longitude 50°32'
and 50° '04 north and latitude 32° 41' and 32° 58' east. The study area is one of the sub-basins of
Zayandehrood Dam, which is located in the northern part of this basin. The Zayandehrood Dam
watershed is one of the sub-basins of the Central catchment area of Iran, which includes two
major sub-basins, the Plasjan River and the main branch of the Zayandehrood. Its average annual
discharge is 131 million cubic meters. In this study, to determine the drought period of long-term
statistics, 20 years (2000-2020), using the data of synoptics station located in Plasjan watershed,
was extracted standard precipitation index (SPI) ) and Standardized Discharge Index (SDI). Data
from TM and ETM sensors obtained from the USGS site were also used to study land use
change. In order to investigate land use changes on quality parameters, were used data recorded
by the Isfahan Regional Water Organization. In this study, land use changes during the two years
2006 and 2018 were extracted which indicate wet and dry years respectively.

Results and Discusspn

According to the Standardized Discharge Index (SDI), the trend of drought change has started
to increase in the eighties and in a period of 12 months, hydrological drought has occurred one
year after meteorological drought and has reduced the quantity of water resources of Plasjan
River. Based on the results, there is the highest correlation between the hydrological drought
index of the river in the time step of 6 months and the qualitative parameters, so the hydrological
drought index of the river in the time step of 6 months has a significant relationship with the
gualitative parameters. The correlation coefficient at this time step is positive, indicating that the
concentration of some parameters increases with increasing hydrological drought. During the wet
season, shrub land and pasture lands were concentrated around the area, which were destroyed by
drought and water stress and became barren and urban areas. In the wet period, there is a positive
and significant correlation between agricultural use and some water salts such as electrical
conductivity of water, water-soluble solids, absorption ratio of sodium, calcium, magnesium,
bicarbonate, chlorine and sulfate, which means that with increasing percentage of agricultural
area Their concentration has also increased, which in some salts, while it can be useful, causes
water hardness, which limits its use in drinking and industry. There is no significant relationship
between other land uses and water quality parameters. In the dry season, there is a significant
inverse correlation between pasture land use, chlorine and sodium at the level of 5% and was
observed a significant inverse correlation between pasture land use and sodium at the level of
1%. This means that by reducing the percentage of pasture area, the amount of sodium, sulfate,
chlorine and sodium uptake ratio also increase and reduce water quality. There is also a positive
and significant correlation between barren land use and sodium. Urban use has also led to an
increase in water-soluble solids. The relationship between land use patterns and surface water
quality parameters during dry and wet years in Watershed Plasjan is shown in Table (1).
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Table 1- Pearson correlation coefficient between land use area and surface water quality
parameters during dry and wet years in Watershed Plasjan
Year 2006 (Wet)

parameter Agriculture Shrubs Range Barren Urban
EC 0.534* -0.057 -0.087 0.120 -0.381
pH 0.208 -0.077 0.238 0.008 0.171
TDS 0.590%* -0.049 -0.150 0.195 0.366
SAR -0.634** -0.266 -0.041 -0.225 0.308
Ca,* 0.494* -0.244 0.051 0.095 -0.329
Na* 0.000 -0.284 -0.088 0.211 0.324
Mg," 0.611** 0.0570 -0.317 0.133 0.207
K 0.109 -0.166 0.452 0.095 0.297
COs* -0.139 -0.171 -0.185 0.093 0.181
HCOZ* 0.460* -0.136 -0.240 0.210 -0.073
cr 0.615** -0.063 0.225 -0.049 0.396
SO, 0.484* -0.194 -0.175 0.102 0.222
Year 2018 (Drought)
EC 0.083 -0.137 0.245 -0.138 -0.212
pH -0.163 -0.103 0.005 0.099 0.149
TDS 0.066 0.104 -0.238 0.097 0.590"
SAR -0.012 -0.005 -0.446" 0.402" 0.165
Ca,* -0.069 0.189 -0.283 0.175 -0.236
Na"' 0.002 -0.004 -0.491™ 0-176 0.018
Mg,* 0.307 -0.141 -0.109 0.153 0.281
K -0.101 -0.125 -0.162 0.205 0.333
CO5> -0.121 -0.131 -0.459" 0.104 -0.133
HCOZ* 0.249 -0.001 -0.031 0.079 0.252
cr 0.271 0.177 -0.461" -0.319 0.203
SO, -0.121 -0.050 -0.404" 0.050 -0.137

(" and “"Respectively significant at the 95% and 99% levels)

Conclusions

Given that there is a water crisis in the developed countries of the world and a large part of
surface water is controlled in them, the managers realized that the most appropriate way to deal
with the water crisis is to use water optimally and prevent its pollution. Due to the water crisis,
the phenomenon of drought can be mentioned, one of the results of drought is a sharp decline in
surface and groundwater resources. Today, the availability of sustainable water resources around
the world is one of the factors of sustainable economic and social development. The results of
meteorological and hydrological droughts indicate an increase in the intensity and persistence of
droughts, especially hydrological droughts in the following years of meteorological droughts with
a time delay of 12 months. The results show a decrease in the percentage of shrub area (16
percent) and pasture (51 percent) and an increase in agricultural (nine percent), barren (eight
percent), and urban and residential (four percent) areas. The reason for the decrease in the
percentage of the area of pasture and hand-planted shrubs in 2017 can be mentioned the
occurrence of meteorological and hydrological drought during this period in the region and the
development of residential and barren areas. The results of this research and similar researches
can be effective in improving the quantitative and qualitative status of water resources and help
managers to manage water resources before the occurrence of supply and allocation problems.
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Table 1- Classification of the weather status based on Standardized Precipitation
Index values (WMO, 2012)

Class SPI Values
Extremely wet <2
Very wet 1.5t01.99
Medium Wet 1t01.49
Mild moist 0.51t0-0.99
Approximately normal -0.49 to -0.49
Mild dry -0.5t0-.0.9
Medium dry -1to-1.49
Very dry -1.5101.99

(Nalbantis and Tsakiris, 2008) (SDI) 452895 Ob o (Jlwekis s sbedl -Y Jyu>
Table 2 - Different Modes of Standardized Discharge Index (Nalbantis and Tsakiris, 2008)

Drought situation Range Percentage probability
0 No drought 0< SDI 51.6
1 Mild drought -1< SDI<0 25
2 Medium drought -1.5< SDI<-1 12.5
3 Severe drought -2<SDI<-1.5 10.9
4 Very severe drought SDI < -2 0
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Table 3- Investigation of the effect of meteorological drought in time steps on the qualitative
parameters of Plasjan River

SPI 6 SP112 SP1 24 SPI 48

pH 0.367* 0.196 0.289 0.31
EC -0.429* -0.434* -0.419* -0.424*
TDS -0.565** -0.38 -0.36 -0.263
SAR -0.541** -0.372* -0.381* -0.261
%Na -0.572** -0.361* -0.389* -0.272
HCO; -0.002 -0.369* -0.34 -0.380*
CO; 0.242 0.179 0.234 0.179
Cl -0.152 -0.053 -0.225 -0.086
SO, -0.347 -0.176 -0.158 -0.103
Na -0.498** -0.397* -0.397* -0.29
Ca -0.229 -0.159 -0.185 -0.231
Mg -0.193 -0.552** -0.474** -0.447*
K -0.530** -0.268 -0.326 -0.238
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Table 4- Investigation of the effect of hydrological drought in time steps on the qualitative
parameters of Plasjan River

SDI 6 SDI12 SDI 24 SDI 48
pH -0.261 0.183 0.468* 0.491*
EC 0.684** 0.506* 0.033 -0.005
TDS 0.623* 0.317 -0.001 -0.065
SAR 0.501* 0.468* 0.258 0.197
%Na 0.448* 0.409 0.264 0.206
HCO; 0.094 0.152 0.03 0.069
CO; 0.089 0.181 0.223 0.224
SO, 0.591** 0.336 -0.078 -0.143
Cl 0.342 0.467* 0.089 0.068
Na 0.444* 0.4 0.121 0.063
Ca 0.586** 0.336 -0.148 -0.181
Mg 0.026 0.262 -0.075 -0.071
K 0.497* 0.161 0.042 -0.015
N s
% B shrublands %
™| @78 agricultural lands 2
Fig. 4- Land use distribution map in the year 2006 (Wet Year)
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Fig. 5- Land use distribution map in the year 2018 (drought)
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Table 5- Area and percentage of different land uses in the year 2006

Land users Percentage of area Area (Km?)
Rangelands 70.72
Shrubs lands 17.89 97.31

Agriculture lands 8.24 44.81
Barren lands 59.92 325.94
Urban lands 0.93 5.09
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Table 6- Area and percentage of different land uses in the year 2018

Land users Percentage of area Area (Km?)
Rangelands 34.75
Shrubs lands 81.6
Agriculture lands 49.03
Barren lands 352.49
Urban lands 259
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Table 7- Pearson correlation coefficient between land use area and surface water quality
parameters during dry and wet years in Watershed Plasjan

Year 2006 (Wet)

parameter Agriculture Shrubs Range Barren Urban
EC 0.534* -0.057 -0.087 0.120 -0.381
pH 0.208 -0.077 0.238 0.008 0.171
TDS 0.590** -0.049 -0.150 0.195 0.366
SAR -0.634** -0.266 -0.041 -0.225 0.308
Ca," 0.494* -0.244 0.051 0.095 -0.329
Na* 0.000 -0.284 -0.088 0.211 0.324
Mg," 0.611** 0.0570 -0.317 0.133 0.207
K 0.109 -0.166 0.452 0.095 0.297
COs> -0.139 -0.171 -0.185 0.093 0.181
HCO5> 0.460* -0.136 -0.240 0.210 -0.073
cr 0.615** -0.063 0.225 -0.049 0.396
SO, 0.484* -0.194 -0.175 0.102 0.222
Year 2018 (Drought)
EC 0.083 -0.137 0.245 -0.138 -0.212
pH -0.163 -0.103 0.005 0.099 0.149
TDS 0.066 0.104 -0.238 0.097 0.590"
SAR -0.012 -0.005 -0.446" 0.402" 0.165
Ca,' -0.069 0.189 -0.283 0.175 -0.236
Na* 0.002 -0.004 -0.491™ 0-176 0.018
Mg," 0.307 -0.141 -0.109 0.153 0.281
K -0.101 -0.125 -0.162 0.205 0.333
COs* -0.121 -0.131 -0.459" 0.104 -0.133
HCOZ* 0.249 -0.001 -0.031 0.079 0.252
cr 0.271 0.177 -0.461" -0.319 0.203
SO, -0.121 -0.050 -0.404" 0.050 -0.137
(" and “"Respectively significant at the 95% and 99% levels)
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Introduction
Vortex shedding behind the obstacles is one of the factors affecting the transfer of sediments to the

downstream of the structures. The flow entering the intake has a lot of momentum in the direction of
the main channel, and because of this, flow separation occurs inside the intake. This area reduces the
effective cross section of the flow at the beginning of the intake. On the other hand, increasing the
flow pressure of the downstream mouth of the intake, the complex flow pattern in the mouth of the
intake causes changes in the alluvial bed of the open channels. Haghbin and Ghomeshi (2014) by
investigating the effect of the vortex caused by the cylindrical obstacles located in the intake with
diameters of 24 and 34 mm and with two discharge ratios (the ratio of flow rate per unit width of the
intake to flow rate per unit width of the main channel) 0.63 and 0.83 for flow rate of 21.17 liters per
second and two intake ratios of 0.43 and 1.07 for the flow rate of 17.82 liters per second, they
reached these results that in the case of using obstacles with a larger diameter, the amount of bed
sediments entering the water intake, in comparison it is less by using obstacles with a smaller
diameter. Also, the amount of sediment entering the intake in the case of a smaller intake is less than
that of a larger intake. In another paper, Khanarmuei et al (2016) discussed the effect of vortex
formation on sediment transport in two-pipe intake. The intended research was investigated using a
scaled physical model. Experiments were performed on the inlets of two pipes in three common inlet
directions (vertical, horizontal, and at an angle of 45 degrees). In each experiment, the category of
the vortex was determined according to its strength. Particle tracking velocity (PTV) was used to
measure the tangential velocity of vortices. The results showed that the speed of sediment transport is
significantly affected by the strength of the formed eddies. With the increase in the strength of the
eddies, the rate of transfer sedimentation increased. Also, the amount of sediment transfer was
affected by the inlet angle of the pipe. It can be concluded that the minimum and maximum sediment
transfer rates occur for inclined and horizontal intakes, respectively. In the past researches,
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understanding the pattern of sedimentation in the entrance and inside the intake, in the presence of
obstacles and vortex formation, has received less attention. In this research, by using cubic obstacles
in the case of the flow hitting the top of the obstacles, which has a greater vortex strength after the
obstacles compared to the case of hitting the side, an attempt was made to investigate the effect of the
vortex on the dimensions of the separation area at the beginning of the intake according to the
sediment pattern.

Methodology

The experiments related to this research were carried out by using a laboratory flume with a
rectangular section of 6.5 meters in length, 1.45 meters in width and one meter in height in the
laboratory of the Sediment Research Center of the Deputy of Basic Studies and Water Resources of
Khuzestan Water and Power Organization. The intake with 90 degree connection is considered to be
3 meters long, 0.68 meters wide and 0.6 meters high. The sediments used in this research are of
uniform sand type with an average diameter (d50) of 0.65 mm. According to the influential role of
water intake ratio on the dimensions of the separation area at the beginning of the water intake, four
different discharge intake ratios were considered: 0.3, 0.35, 0.4 and 0.45.

Results and discussion

According to the calculations based on the characteristics of the flow and the existing sediments
and using the shields diagram, the sediments in the flow with a depth of 12 cm are at the threshold of
movement. To be sure, this mode was also tested in the laboratory. In the experiments of this
research, according to the sedimentation pattern in the intake, after the completion of each test, the
values of the length and width of the separation area of the intake were taken. Then the results of the
corresponding harvests were drawn for different test modes and in different discharge ratios. In the
calculations of this research, the results related to the length and width of the separation zone at the
beginning of the intake, in the state of obstacles and the presence of the vortex caused by them, were
examined. By placing obstacles in the flow path and creating a vortex caused by the obstacles, it can
be seen that in both cases of parallel and zigzag arrangement of obstacles, the values of the length
and width of the separation zone are reduced. Also, in these cases, it can be stated that with the
increase of discharge ratio, the dimensions of the separation area at the beginning of the intake are
reduced. Table (1) shows the results related to the size of the length and width of the separation zone
at the beginning of the intake, in the state of placement of obstacles and the presence of the vortex
caused by them.

Table 1- The specifications of the tests carried out and the results obtained in the case of the
presence of the vortex

the longitudinal ~ The transverse

obstacle Discharge ratio  Froude number ratio of the ratio of the
the test number . .
arrangement (Qn) (Fn) separation area  separation area

(Ln) (Wr)

1 Parallel 0.3 0.036 1.08 0.3

3 Parallel 0.35 0.057 0.92 0.29

5 Parallel 0.4 0.065 0.92 0.235

7 Parallel 0.45 0.102 0.88 0.2

9 Zigzag 0.3 0.036 0.88 0.22

11 Zigzag 0.35 0.057 0.63 0.16

13 Zigzag 04 0.065 0.45 0.132

15 Zigzag 0.45 0.102 0.38 0.088
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Next, by placing the plates between the obstacles and as a result reducing the vortex effect, the
dimensions of the flow separation area at the beginning of the intake were taken, the results of which
are shown in Table (2).

Table2- The specifications of the conducted tests and the results obtained in the mode of
reducing the vortex effect

the longitudinal ~ The transverse

the test number obstacle Discharge ratio  Froude number ratio _of the ratio _of the
arrangement (Qn) (Fr) separation area  separation area

(Ln) (Wr)
2 Parallel 0.3 0.036 0.7 0.33
4 Parallel 0.35 0.057 0.67 0.32
6 Parallel 0.4 0.065 0.48 0.29
8 Parallel 0.45 0.102 0.41 0.26
10 Zigzag 0.3 0.036 0.735 0.19
12 Zigzag 0.35 0.057 0.6 0.161
14 Zigzag 0.4 0.065 0.176 0.044
16 Zigzag 0.45 0.102 0.161 0.014

Conclusion

According to the different arrangements of obstacles, in the case of parallel arrangement of
obstacles, the width of the separation zone increases and the length of this zone decreases in water
intake ratios of 0.3 and 0.35. By placing the plates between the obstacles and reducing the effect of
the vortex, the dimensions of the separation zone in the state of zigzag arrangement of the obstacles
are reduced compared to the states without obstacles and with the presence of the vortex. If obstacles
are placed in parallel and plates are used between the obstacles, we see a decrease in the length of the
separation zone and an increase in its width compared to the cases without obstacles and with the
presence of the vortex.
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Table 1- The ratio of the flow speed in the main channel to the critical speed (Vo / V)

Ratio of the velocity in the main ~ Velocity in the main channel water Discharge
channel to the critical (Vo) (ms™) depth ratio
velocity(Vy / V) (cm)
0.43 0.061 28 0.3
0.58 0.082 21 0.35
0.64 0.09 19 0.4
0.85 0.12 14

Fig. 5- A view of the formation of the flow separation zone from: A) above the intake B) in front of the
intake
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Fig. 6 - Schematic view of the separation zone created at the beginning of the intake
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Table 2- The specifications of the conducted tests and the results obtained in the case of control tests

The
. . longitudinal The Fransverse
Obstacle Discharge ratio Froude : ratio of the
Test number ratio of the .
arrangement (Qr) number (Fr) . separation
separation
area (Wr)
area(Lr)
17 Without 03 0.036 12 0.29
obstacles
18 Without 0.35 0.057 1.08 0.28
obstacles
19 Without 0.4 0.065 0.8 0.26
obstacles
20 Without 0.45 0.102 0.75 0.25
obstacles
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Table 3- The specifications of the conducted experiments and the results obtained in the presence of vortex

Test Obstacle

Discharge  Froude

The longitudinal The transverse ratio of

number  arrangement  ratio (Qr)  number ratio of the the separation area (Wr)
(Fr) separation area(Lr)

1 Parallel 0.3 0.036 1.08 0.3

3 Parallel 0.35 0.057 0.92 0.29
5 Parallel 0.4 0.065 0.92 0.235
7 Parallel 0.45 0.102 0.88 0.2

9 Zigzag 0.3 0.036 0.88 0.22
11 Zigzag 0.35 0.057 0.63 0.16
13 Zigzag 0.4 0.065 0.45 0.132
15 Zigzag 0.45 0.102 0.38 0.088
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Table 4- Specifications of the conducted experiments and the results obtained in the mode of reducing
the vortex effect

Test Obstacle Discharge Froude The The transverse
number arrangement  ratio (Qr) number longitudinal ratio of the
(Fr) ratio of the separation
separation area (Wr)
area(Lr)
2 Parallel 0.3 0.036 0.7 0.33
4 Parallel 0.35 0.057 0.67 0.32
6 Parallel 0.4 0.065 0.48 0.29
8 Parallel 0.45 0.102 0.41 0.26
10 Zigzag 0.3 0.036 0.735 0.19
12 Zigzag 0.35 0.057 0.6 0.161
14 Zigzag 0.4 0.065 0.176 0.044
16 Zigzag 0.45 0.102 0.161 0.014
. 14 . 033
%M\ 12 %M\ 03
Ed Ed
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E"E < #Vortex reduction g;-“ %" * #Vortexreduction
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02 03 04 05 02 03 04 03
Discharge ratio (Qr) Discharge ratio (Qr)

Fig. 7- Diagrams comparing the values, A) width and B) length of the flow separation zone at the
beginning of the intake in the zigzag arrangement of obstacles
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Fig. 8- Diagrams comparing the values, A) width and B) length of the flow separation zone at the
beginning of the intake in the parallel arrangement of obstacles

&30 Silg0 Olodz > 38 WBT (Sl 13 Ul Suilos 4>l Job (B 9 o0 (A polio duwlio yogei —A <

OB G gl e 3 (S5 Cogonr glge (58,515
Sgbiee glge g b & Cuns (Sadhe 4l Jsb g ooye
IO g Y oS glacis 3 @lse Silge et b
ol anl ol b g (Rl (Sadle asb (ope lde
Sl (59 18T Gl g lse o Sloxiio 6513 b e
L oawlio o gloe SIS; slae clb p»  Sudls asl
Sygo ) b LR uSSye 3929 b g @lge g slacle
Elye op Slxio 6x5 84 5 Gl Copar Slye 558
b aglie o o (2ye (ual3l g (Sudlie 4ol Job tals anls

el (o (S5)9 3929 L g Blge Lo ol

S g g
Lg 9 J5| b.,\wy .Lw)‘ LSAA}LMAJ)K MLULL C)Lu )‘ AJL0.0 U"l
£9O oMy AJLQB); Ly)lo )I olKisly @ms).: .\>|9 wb
Coglro j) B dimsgs dawsinty 45 01 45 (98.86 WH.SCU)
ol Gy g o Glojlo g jloal (lpex sl olSasly tmgh
S8kl ]y aRaslejl @ISl 51 eslitul cusyd S lusjes
U R P SR IR Wi PNV

S age ol Ol @BRalil clelie el
YD 5 oI (Sl lacns )3 «silge g0 glse 558
al (oye SRR Y0 5 /Y o cuns 35 oe GIH
Al Job eb o cumw wald cdbs b dwslie p ) Suile
P g il YD g oY S b Sashs
Cloio 0I5y 5 b o Sialidl /50 5 oI S e
Col (S5)g b Ll 5l e 2 il Blpe o
Db 4ol ol pope (Bl (Sadle 4l Jb el
ol a5 )y (Sashe asb skl ol Jages (A) U
e a3 e (Ui S5y S S g g2g b cglse (sjl5e
(Sl s GBI &S 295 0 oaalie 55 plos g5 ol
otels’ ;S hl )3 lp (Sadlir 4ol (o g Job polis
Ao

G
b ol n S5 Bl cuere S S cus
Glsee glacdls o oS Wb e )8 U il > Sashs
b opmiomed b odblie by (Sadle asb sl Oj ).;L
b oS ond odalie mlse wglaie sbloin 4 4y

References
1- Abbasi, A. A., Ghodsiyan, M., Habibi, M. & Salehi Neyshabouri, A. A., 2004. Experimental investigation of
the dimensions of the vortex area at the beginning of the lateral intakes. Research and construction in

Natural Resources, Issue 62, pp. 38-44.

2- Cheryl, M. N., Sanderson, R. S. & Sutton, S., 2013. Vortex shedding and morphodynamic response of bed
surfaces containing non-erodibleroughness elements. Journal of Geomorphology, Volume 198, pp. 45-56.

doi: 10.1016/j.geomorph.2013.05.011.


https://doi.org/10.22055/jise.2017.22184.1592

'Yy

\*\—\Wda.\f"dbra)uf?ajjé LQ)LSTGAJ;QJ)(a}lﬁ

3- Dey, S., Sumer, B.M. and Fredsge, J., 2006. Control of scour at vertical circular piles under waves and
current. Journal  of Hydraulic  Engineering, 132(3), pp.270-279. doi: 10.1061/(ASCE)0733-
9429(2006)132:3(270)

4- Haghbin, A. & Ghomeshi, M., 2014. Experimental investigation of the effect of vortex barriers on
sedimentation in the inlet of water intakes. Karaj, National Conference of Applied Civil Engineering and
New Achievements, Karaj Desert Construction Company.

5- Kasthuri, B. & Pundarikanthan, N., 1987. Discussion on separation zone at open- channel junction. Journal
of Hydraulic Engineering, 113(4), pp. 543-548. doi: 10.1061/(ASCE)0733-9429(1987)113:4(543)

6- Khanarmuei, M.R., Rahimzadeh, H., Kakuei, A.R. and Sarkardeh, H., 2016. Effect of vortex formation on
sediment transport at dual pipe intakes. Sadhana, 41, pp.1055-1061.

7- Neary, V.S. and Sotiropoulos, F., 1996. Numerical investigation of laminar flows through 90-degree
diversions of rectangular cross-section. Computers & fluids, 25(2), pp.95-118. doi: 10.1016/0045-
7930(95)00030-5

8- Pourmohammadi, M., 2014. Experimental study of waves perpendicular to the flow caused by vortex
stretching behind prismatic barriers in open channels, Ahvaz: Faculty of Water Science Engineering,
Shahid Chamran University.

9- Ramamurthy, A.S., Qu, J. and Vo, D., 2007. Numerical and experimental study of dividing open-channel
flows. Journal of Hydraulic Engineering, 133(10), pp.1135-1144. doi: 10.1061/(ASCE)0733-
9429(2007)133:10(1135).

10- Shafaei Bajestan, M. & Nazari, S., 2010. The influence of the angle of deviation of the intake on the ratio
of discharge and sediment entering the intake in the 90 degree convergent bend. Watershed Research
(Research and Construction), 23(2), pp. 72-81.

11- Dey, S., Sumer, B.M. and Fredsge, J., 2006. Control of scour at vertical circular piles under waves and
current. Journal  of Hydraulic  Engineering, 132(3), pp.270-279. doi: 10.1061/(ASCE)0733-
9429(2006)132:3(270)

12- Sumner, D., 2010. Two circular cylinders in cross-flow: A review. Journal of fluids and structures, 26(6),
pp.849-899. doi: 10.1016/j.jfluidstructs.2010.07.001.

13- Weber, L.J., Schumate, E.D. and Mawer, N., 2001. Experiments on flow at a 90 open-channel
junction. Journal of Hydraulic Engineering, 127(5), pp.340-350. doi: 10.1061/(ASCE)0733-
9429(2001)127:5(340)


https://doi.org/10.1061/(ASCE)0733-9429(1987)113:4(543)

In The Name of God

Irrigation Sciences and Engineering

(Scientific)

Vol. 46 (3) Fall 2023

Board of Editors

AkhondAli, A. M. Professor Faculty of Water and Environmental Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

Ghomeshi, M Professor Faculty of Water and Environmental Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

Heydarpour, M. Professor Faculty of Agriculture, Isfahan University of
Technology

Kashefipour, S. M. Professor Faculty of Water and Environmental Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

Liaghat, A. M. Professor Faculty of Agriculture, University of Tehran

Hosseinzadeh Dalir, A. Professor Professor, Water Engineering Department, Faculty
of Agriculture, University of Tabriz, Iran.

Naseri, A. A. Professor Faculty of Water and Environmental Engineering,
Shahid Chamran University of Ahvaz, Ahvaz, Iran

Zand Parsa, Sh. Professor Faculty of Agriculture, Shiraz University of
Technology

Pagliara, Stefano. Professor Department of Civil Engineering, University of
Pisa, Italy

Sai Hin, L. Associate Professor Department Of Civil Engineering, Faculty of
Engineering, University of Malaya, Maliysia

Ahmadian, R. Professor Department of Civil Engineering, School of Engineering,
Cardiff University, UK

Ritzema, H. Associate Professor ~ Water Resources Management Group, Environmental
Sciences Group, Wageningen University & Research,
Netherland

Published by: Shahid Chamran University of Ahvaz, Faculty of Water Sciences Engineering, Ahvaz,
Iran.

Director: BoromandNasab, S.
Editor-in-Chief: Kashefipour, S.M.
Editorial Manager: Yazdani, N
Type Setting: Yazdani, N.

E—mail: JISE.Water@Scu.ac.ir
JISE.Water@yahoo.com

Publication license of the Ministry of Culture and Islamic Guidance No. 10362/124 on 29/12/1998
and license of the Journal Review Office of the Ministry of Science, Research and Technology No.
11/3/1264 on 21/10/2009 for the Journal of Irrigation Sciences and Engineering.


mailto:Water@Scu.ac.ir
mailto:Water@yahoo.com

Journal of

Irrigation Sciences and Engineering(JISE)
(Scientific)

ISSN 2588-5952

~\/~

!
Sy d

oyt
Iranian Hydraulic Association

Shahid Chamran University of Ahvaz

Faculty of Water Sciences Engineering

Vol. 46(3) Fall 2023
Contents

Title Authors Page
Experimental study of the effect of different R. Daneshfaraz, E. Aminvash and P. Ebadzadeh 1
sill geometry on hysteretic behavior of
supercritical regime
Effect of Water stress and Aquasorb 3005 S.Khoshnavaz,S.Boromandnasab,A.Dareckvand 17
super absorbent application on maize yield and M.R.Rahmani
production in trickle irrigation system
Forecasting the risk of drought in Zabol M. Forouzan Mehr, M. Dastourani, M. 35
synoptic station based on the output of CMIP6 Yaghoubzadeh and S. Hosseinabadi
climate models
Experimental investigation of hydraulic jump M. H. Jafari Abnavi, R. Mohammadpour and M. 57
in HexagonalEz Stilling Basin Karim Beirami
Investigation of drought time steps and effects N. Bahrami-Damaneh, S. Soltani-Gerdefaramarzi, 69
of land use changes on quantitative and M. Gheysouri and A. Azizian
qualitative water parameters of Plasjan river
Impact of climate change on water D. Darikandeh, A. Shahnazari, M. Khoshraveshand  gg
requirement, water productivity, and rice yield G. Hoogenboom
using risk analysis
Numerical Modeling of Sediment Washing M. Adineh, M. Shafaei Bajestan and H. Ghodousi 103
(Flushing) in Dams (Case Study: Sefidrood
Dam)
The effect of the vortex caused by obstacles F. Ferdospanah and M. Ghomeshi 121

and its reduction, on the dimensions of the
flow separation area at the beginning of the
lateral catchment




	1
	2
	3
	1-1299
	2-1299

	4-0
	5
	3-1292
	4-1292

	6
	5-1316
	6-1316

	7-0
	8
	7-1286
	8-1286

	9
	8-1303
	9-1303

	10
	10-1308
	11-1308

	11
	12-1312
	13-1312

	12
	14-958
	15-958

	13
	14

