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Introduction

Agricultural water management studies require accurate information on actual evapotranspiration.
This information must have sufficient spatial detail to allow analysis on the farm or basin level
(Sanchez et al., 2008). The methods used to estimate evapotranspiration are grouped into two main
groups, which include direct methods and indirect or computational methods (Alizade and Kamali,
2007). Basics of the indirect methods are based on the relationship between meteorological
parameters, which impedes the use of these data with a lack or impairment. On the other hand, this
information is a point specific to meteorological stations, and their regional estimates are another
problem of uncertainty of their own. To this end, the use of remote sensing technology can be a
suitable approach to address these constraints. Real evapotranspiration can be estimated by satellite
imagery that has short and long wavelengths and is estimated using surface energy equations (Chihda
et al., 2010). Examples of such algorithms include SEBAL (Bastiaanssen et al., 1998 Bastiaanssen,
2000;), METRIC (Allen et al., 2007), SEBS (Su, 2002). Among the above mentioned algorithms,
energy billing algorithms have been used (Bagheriharooni et al., 2013; Teixeira et al., 2009). Among
the factors of superiority of the SEBAL algorithm, in comparison with other remote sensing
algorithms, is a satellite imagery analysis algorithm based on physical principles and uses satellite
simulation and requires minimum meteorological information from ground measurements or air
models (Bastiaanssen et al., 2002).

Methodology
In this research, 24 images from Landsat 8 satellite and 60 Sentinel 2 satellite images were used
during growth period of sugarcane in 2016 and 2017, respectively (from May 28 to October 17 of


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

2
Jalali et al.,47 (1) 2024 DOI: 10.22055/JISE.2019.27808.1813

each mentioned year). The study area is located in the Amir Kabir unit of Sugarcane Industry in the
southern province of Khuzestan, one of the seven sugar cane cultivars and industries with local
coordinates of 48 ° 16'49"E and 31 ° 2' 2"N. Amir Kabir Cultivation & Industry is located at Km 45
of Ahvaz - Khorramshahr Road, which is located south of Mirza Kuchak Khan's cultivation and is
located in the east of Karoon's River. The total area of this farm was 15,000 hectares and its net area
was 12,000 hectares, divided into several 25 hectares. The required meteorological information was
extracted from the Amir Kabir Crop Production and Meteorological Station. This information
includes: wind speed, sunshine hours, maximum and minimum temperatures, and rainfall.

Results and Discussion

The main objective of this study was to estimate the actual evapotranspiration of the sugarcane by
using Landsat 8, Sentinel 2 and SEBAL algorithm. Finally, the results were compared with
lysimetric data and analyzed. For statistical analysis of the results, the absolute difference indices and
relative differences were used. In order to estimate evapotranspiration, as mentioned earlier, it was
necessary to obtain the values of pure radiation and the heat flux for hot and cold pixels. The results
are presented in Table 1, by separation of the evapotranspiration estimation method and the date of
the images. Table (1) shows the potential evapotranspiration using the Taylor Presley method and the
maximum values estimated by the SEBAL algorithm for Amir Kabir cultivation and industry.
According to Table 1 the evapotranspiration rate calculated using the Taylor-Presley method is not
significantly different from the evapotranspiration calculated by the SEBAL algorithm. In general, it
can be stated that the method of using Landsat 8 and Sentinel 2 satellite images can calculate the
amount of canopies evapotranspiration and transpiration with a small error value. the lysimeter gives
the actual amount of evaporation and transpiration, by comparing the values of evapotranspiration
calculated by the SEBAL algorithm and the values provided by the Lysimeter, the rate of error
estimation indices represents less values. Therefore, according to Table (1), Sahbal algorithm is a
suitable method for estimating the amount of evapotranspiration of cane sugar.

Table 1- Potential evapotranspiration using the Taylor Presley method and the maximum values
estimated by Sybal algorithm for Amir Kabir cultivation and industry

SEBAL Presley-
0,
(Ye)RMSE (mm/day)MAE (mm/day)algorithm Taylor Date
51 0.21 4.78 451 2017/5/26
6.53 0.18 3.95 3.83 2017/6/27
3.12 0.27 2.83 2.65 2017/7/29
5.8 0.12 2.66 2.53 2017/8/30
9.87 0.16 3.65 3.56 2017/9/22
111 0.11 3.98 3.93 2017/9/10
7.82 0.09 5.98 5.93 2017/5/26
4.12 0.3 5.71 5.58 2017/6/27
6.32 0.25 4.86 4.55 2017/7/29
9.56 0.14 3.24 3.18 2017/8/30
2.33 0.1 4.98 491 2017/9/22
3.53 0.15 5.33 5.23 2017/9/10

The results showed that, despite the fact that the Sentinel 2 satellite does not have thermal bands,
it is possible to calculate the actual evapotranspiration using the SEBAL algorithm by combining the
satellite images with the Landsat satellite. Landsat satellite images are also challenging to estimate
the water requirement, but according to the calculated indices, there is no significant difference with
the lysimetric data. Compared to the combination of images, which have a precise accuracy in order
to cover the time lag of Landsat 8 and Sentinel 2.
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Conclusions

The SEBAL algorithm solves the energy balance equation to calculate the actual
evapotranspiration of the plant, and the calculated parameters such as surface temperature, NDVI are
defined in a certain range and are acceptable. The calculations showed that the results were
consistent with the acceptable limits stated in the sources and statistics, and they confirmed this
algorithm.

Also, in comparison with the Taylor-Presley method, it was observed that SEBAL has calculated
the actual evapotranspiration with acceptable results, which is also the reason for this method in
calculating evapotranspiration. Due to errors in collecting climatic data such as wind speed, air
temperature, solar radiation, day time duration, humidity, and also lack of calibration of coefficients
such as coefficient of evaporation pan, plant coefficients for estimating evapotranspiration in many
common error methods has it. In this regard, it is possible to consider new methods, such as the use
of satellite imagery, to calculate the evapotranspiration of the plant for a wide range of plains as well
as a point scale. It is obvious that by using suitable spatial resolution with homogeneity of the field
farms and at appropriate time intervals, it is possible to plot the actual evapotranspiration of the plant
for each region during the growing season.
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Table 1- Potential evapotranspiration by Priestly-Taylor and maximmum estimated evapotranspiration
by SEBAL for Amir Kabir plantation and industry

Priestly- SEBAL Mean absolute
Date Taylo); algorythm(mm/day) MAE(mm/day) ~ RMSE(%) difference (mm/day)

5/18/2017 451 4.78 0.21 5.1

5/26/2017 3.83 3.95 0.18 6.53

6/27/2017 2.65 2.83 0.27 3.12 0.175
7/29/2017 2.53 2.66 0.12 5.8 '
8/30/2017 3.56 3.65 0.16 9.87

10/09/2017 3.93 3.98 0.11 111

5/18/2018 5.93 5.98 0.09 7.82

5/26/2018 5.58 571 0.3 4.12

6/27/2018 4.55 4.86 0.25 6.32 0171
7/29/2018 3.18 3.24 0.14 9.56 '
8/30/2018 4.91 4.98 0.1 2.33

9/22/2018 5.23 5.33 0.15 3.53

OULod ) paodts pOlao 9 oY (519 I cOlawl b g ol SChS St 9 CulST 50 dil39) (ABlg G W wikd Y 9o
Jbw 12951 Sy
Table 2- Potential evapotranspiration by lysimeter and maximmum estimated evapotranspiration by
SEBAL for Amir Kabir plantation and industry

. SEBAL Mean absolute
Date Lysimeter algorythm(mm/day) MAE(mm/day) ~ RMSE(%) difference (mm/day)

5/18/2017 4.56 4.78 0.18 13.34

5/26/2017 3.89 3.95 0.12 5.87

6/27/2017 2.76 2.83 0.24 9.98 0.185
7/29/2017 2.63 2.66 0.16 15.45 '
8/30/2017 3.66 3.65 0.1 6.85

10/09/2017 3.98 3.98 0.31 2.96

5/18/2018 5.96 5.98 0.22 4.36

5/26/2018 5.65 5.71 0.19 4.87

6/27/2018 4.82 4.86 0.27 8.95 0.236
7/29/2018 3.23 3.24 0.23 12.66 '
8/30/2018 4.98 4.98 0.34 3.23

9/22/2018 5.36 5.33 0.17 5.12
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Fig. 2- Calculated evapotranspiration by SEBAL : (a) 18 May 2018; (b) 26 May 2018; (c) 27 June 2018;
(d) 29 July 2018
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Introduction

Rivers are known as the main sources of surface water in the world, which experience seasonal
fluctuations in water level. These resources have severe damage to human societies and nature in
flood conditions and have irreparable consequences in the drought seasons. Optimal utilization of
these resources with maintaining the environmental conditions of the waterway and minimizing flood
damage is considered one of the river engineering goals. Since the conventional methods of river
management are imposed serious environmental threats on waterways and wetlands, consideration to
these water resources requires attention to issues related to plant ecosystems, solving challenges of
coastal bed erosion and predict the condition and management of the river in the future (Callow,
2012; Dawson and Haslam, 1983; Fan et al., 2013; Rose et al., 2010; Rowinski et al., 2018). One of
the strategies that cause loss of flow energy in the river improves the hydrological system and river
ecosystem is the presence of vegetation in the river banks and floodplains. Native vegetation in
floodplains and coastal forests plays an important role in conserving waterway ecosystems, flood
management, coastal protection in urban lands and agriculture adjacent to the river (Fathi-
Moghadam, 1996). Vegetation will also control the width of the river and increase the stability of the
shores by absorbing and settling suspended sediments in river banks. The plant species along rivers
and waterways are composed of various vegetative components, mainly affected by the
environmental conditions of their habitat, including the distance from the waterway bed, hydrological
characteristics of the river, climatic and soil conditions. Obviously, the effect of each plant species in
the ecosystem cycle varies and for each section of the river, a specific combination of plants will
create optimal conditions.
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Methodology

In this paper, effective parameters have been identified to investigate the effect of vegetation
properties on drag force and the final functional relationship between dimensionless parameters for
estimation of resistance to flow and drag coefficient in vegetated rivers will be:

2,4 1
CD:f(y—”,DI,Ny”J @
H

El

Where Cp, is the drag coefficient, 3;{—“ is the relative depth, DI is the vegetation density index and last
parameter is the dimensionless number of the ratio of the flow velocity to the bending stiffness,
which is used to investigate the effect of the vegetation flexibility. The experiments were conducted
in an 8.30x0.80x0.55m flume with Plexiglas sidewalls and metal structure located in the Water and
Environmental Engineering Faculty at Shahid Chamran University of Ahvaz, Ahvaz, Iran. The knife-
edge part of the flume, which can move freely in a limited range, was used to measure the exerted
force to the moveable part of the flume (which supports the vegetated model) by means of a dynamic
load cell installed between the movable and fixed parts of the flume. the artificial vegetation models
used in this study were similar to the natural sample of trees. Galvanized and polyethylene sheets
have been used to make rigid and flexible artificial specimens with the same geometric shape and
form to allow more accurate comparisons.

Results and Discussion

In this section, with the aim of practical use of the results, the independent variables are defined as
dimensionless numbers based on the drag coefficient. Investigating the effect of the vegetation
density index, the results showed that in both rigid and flexible models, increase of the vegetation
density index leads to a decrease in the drag coefficient. By increasing the vegetation density index in
the flexible model aty?“ = 1, the drag coefficient decreased by 19.8%, which is the highest rate of
decrease in the drag coefficient. Also, the lowest rate for reduction of the drag coefficient with
increase of the vegetation density index occurred in the rigid model and at%“z 0.6, which is

equivalent to 10.3%. In fact, in the case of the maximum decrease in the drag coefficient, for an 80%
increase in the vegetation density index, the drag force increased by 43.8%, and in the case of the
minimum decrease in the drag coefficient, the drag force increased by 66.5%. By comparing the
effect of flexibility of vegetation in rigid and flexible models, the results showed that in both cases,
the drag coefficient decreases with increasing in velocity. In the flexible models, the slope of the drag
coefficient curve has a decreasing trend faster than the rigid case. For the effect of the relative depth
of the flow, the results showed that the drag coefficient in both models decreases with the increase in
the relative depth, so that in the rigid and flexible models, with the increase in the relative depth from
0.6 to 0.8 and from 0.8 to 1, the drag coefficient decreases by 12.81% and 10.43%, respectively.
Correlating the results, following relationships were obtained for the estimation of the drag
coefficient for the rigid and flexible models, respectively:

)

0.13 p‘/z 4 -0.29
Cp = 3.26[‘%} - 265(DI) "+ o.zs(Elynj R?=0.87

1.2 2 4 0. 21 3
C, = [yﬁj + (DI)" - 0.32("\/53’"} R?=0.89 ©
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Conclusions

In the present study, the drag force absorption rate and the resistance coefficient were investigated
and equations were correlated to estimate the drag coefficient. All experiments were performed in
steady, uniform and turbulent flow. Rigid and flexible models were tested by different hydraulic
parameters according to the flow conditions. A new index is produced to account for the effect of
vegetation density on the drag coefficient. Investigating the effect of the vegetation density index
showed that the increase in this index has a significant effect on reducing the drag coefficient, so that
at the maximum increase of the density index, a decrease of 19.8% in the drag coefficient was
measured. The results showed an increase in drag force absorption as a result of increase in
vegetation density index and relative depth. In general, the increase in vegetation density index
ranges 0.4 <DI<0.8,0.8<DI<1.1,1.1 <DI<2.2 and 2.2 <DI < 3.8 in comparison to the range of
0.2 < DI < 0.4; the drag force absorbed increases by 1.63, 2.46, 4.12 and 6.33 times, respectively.
Also, increase of the relative depth from 0.6 to 0.8 and 1, the drag force increased by 49.7% and
46.9%, respectively. The index introduced in this study can be a reference index for monitoring the
types of vegetation in floodplains and aquatic plants. The results of this study can be used in the
numerical modeling for estimation water level during flood events and river engineering
management.
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Fig. 2- A view of the Karun river with vegetation in shore and bed
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Fig. 3-Schematic view of laboratory flume, with dimensions (meter)
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Fig. 4- The installation position of the force sensor in the knife edge section of the flume
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Fig. 5- Artificial vegetation model (a); a view of the knife edge section of the flume during test and
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Table 1- Characteristics of materials used to make artificial vegetation samples

Dimensions of

Material Elastic Modulus, E vegetation model Thickness* Bending Moment
(GPa) (m) (mm) of Inertia, |
(y*x)
Polyethylene 0.238 0.15x0.1 0.3 1.3x10°
Galvanized 69 0.15x0.1 0.3 1.3x10°°

* The thickness of the initial sheet to make vegetation model
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Fig. 6- Tensile test of initial materials to make vegetation model
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Fig. 7- View of vegetation spatial distribution in the knife edge section of the flume (view from above)
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Table 2- Range of flow velocity, individual density, spatial distribution and density index values

Density Index Dis?tpr)iatﬂji:on Individuzl Density Relati\}/,e Depth Flow Velocity
F n
oOh D %) Gg) (ﬁ) (m/s)
02<DI<0.4
04 <DI<0.8
08<DI< 1.1 100 .50 30 .20 10 0.04-0.03-0.02 1-0.8-0.6 0.15-0.46
11<DI<2.2
2.2<DI<38
0.80 0.60
0.70
0.50
060 \
00 % .
& 040 $0.30
0.30
0.20
0.20
eyn/H=1 eyn/H=1
010 |myn/H=0.8 010 | mymH=0.8
0.00 L anH:n [} (a) 0.00 yn/H:OG (b)
0.0 1.0 2.0 3.0 S ) 5 5 .
DI DI

Fig. 8- Variations of drag coefficient with vegetation density index at different relative depths:
(a) Rigid model; (b) Flexible model
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Fig 9- Variations of the drag coefficient compared to dimensionless number of the flow velocity
ratio to the bending rigidity: (a) rigid model; (b) Flexible model
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Fig. 10- Variations of drag coefficient with relative depth: (a) rigid model; (b) Flexible model
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Table 3-Accuracy of statistical models
Error (%) Accuracy (%) MSE RMSE KGE NSE

15.11 84.89 0.01 0.12 096 094 Eq.6
14.9 85.1 0.01 0.1 093 092 Eq.7
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Introduction

Many theories are found for subsurface drainage system design (Kumar et al., 2013). These were
formulated by some of the soil characteristics that are important in designing and operating drainage
systems. Most of these formulas have simplified and just involved flow parameters or assumed soil
media as a maximum of two layers. In paddy fields, used equations for water table depth prediction
have no accordance with field condition. Due to specific flow situations in these fields, much
difference was observed in results (Darzi-Naftchali et al., 2013). The differences were because of
special layered soil in paddy fields and soil hydraulic characteristics, hardpan layer existence formed
in long cultivation and tillage, its effect on flow, and of course, lack of a suitable formula for these
fields. So, designing rules for subsurface drainage in paddy fields needs investigation and
implementation of new relations to predict the flow pattern suitably. Determination of design criteria
and suitable formulas needed to predict flow network around drain tubes. Jafari-Talukolaee et al.
(2017) reported in predicting water table profile between bilevel subsurface drainage in paddy fields
due to the existence of resistance in vertical flow direction based on soil layers, and field results have
no suitable agreement with analytical solution. Darzi-Naftchali et al. (2013), analyzing the effect of
subsurface drainage systems on water balance and water table in paddy fields for a successive rice
and canola cultivation season, obtained that shallow drainage systems were more influenced than
deep drainage systems in water table control. The flow pattern of water towards the drain tube and
the components of the flow network are the basis of the drainage system design. By determining the
flow path towards the drains and the water table profile variation, the distance and depth of the drains
in paddy fields can be determined with greater accuracy.

Methodology

This research was carried out in a drainage pilot of Sari Agricultural Sciences and Natural
Resources University located in Sari town of Iran during the autumn and winter of 2018-19. The
latitude and longitude of the region are 36.39° N and 53.04° E, respectively, and its height above sea
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level is -15 m. According to 10-year meteorological data, the average rainfall in the region is 643
mm, pan evaporation is 1222 mm and the average air temperature is 17.6 °C. The studied drainage
system has a depth of 0.90 m and a spacing of 30 m. The length of the drainage line is 100 m, and the
material of the pipes is a corrugated pipe with a diameter of 100 mm, which was installed with a
slope of 0.2%. Mineral sand with specific granulation was used as cover. The field's soil texture up to
a depth of 1.5 meters is silty-Clay with a clay content between 55-42%. Below the 1.5 m, the layer is
a clay texture. Water table and drain discharge were measured daily, and horizontal and vertical
hydraulic conductivity were measured. Discharges values, hydraulic conductivity of different layers,
water table, and measured piezometric level were used to calculate vertical, horizontal, and radial
loads. The procedure was that the vertical load was compared with formula (1).

_ qxDv

h, .

@)

The horizontal flow load was compared with formula (2). This equation, in which the flow to the
drain is assumed to be completely horizontal, is known as the Donnan equation.

_ aln’
hn = gy @)

The radial load of the flow (h;) was calculated by the formula (3).

aDr

he =qx (=) xIn®* 3)

The hydraulic conductivity was the same as the average hydraulic conductivity measured in the
field (m day™), and the flow rate was equal to the outlet flow rate (mm day™). The value of D, was
considered equal to the water table to the drain level (m) and Dy, = D+0.5h. The values of L were the
same as the drainage distance (m), and L, was equal to the difference between the drainage distance
and the radial flow range (1.4 x D). In radial flow, the value of aD; is a parameter that depends on the
geometric dimensions of the flow zone and the position of the drainage pipe relative to the
impermeable layer. In some cases, the value of this parameter is considered equal to D. The amount
of wetting medium of the inlet flow to the pipe (u), because in this study, the pipe was placed inside
the trench with a mineral coating with a thickness of 10 cm on each side was equal to the wetting
environment of the trench. By calculating the values of the flow components, their sums were
matched with the values of the actual water table using the formula h= h,+ hy+ h.. The difference
between the measured and calculated values was evaluated and compared using statistical indicators
(paired t-test). The statistical indices were RMSE (mean square error), R? (correlation coefficient),
and I, (agreement index).

Results and Discussion

The results showed that the water table profile was horizontal and only dropped near the drainage.
Hydraulic conductivity measurements showed that the soil included different layers, where a low
permeability layer was observed at a depth of 30-60 cm, reducing vertical permeability and increased
horizontal movement of water towards the drains. This condition has led to the leveling of the water
table. Field soil stratification studies showed that the soil texture in the surface layer of the
experimental field is lighter than the deeper layers. The average value of hydraulic conductivity
above the drain (ground level to a depth of 0.9 m) is 0.23 m day™ and the average value of hydraulic
conductivity between the depth of the drain (0.9 m) to the impermeable layer (2 m) is equal to 0.15m
day™ was achieved. Also, in the 30 to 60 cm layer, a layer with less hydraulic conductivity was
observed than the surface layer, the same as the hardened layer. In a study of Vietnam paddy fields, a
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layer with a hydraulic conductivity of fewer than 0.09 m day™ was observed beneath the surface
layer at a depth of 60 to 70 cm (Nguyen, 2007).

The depth curve of the water table measured at different distances from the drain showed that the
drop of the water table occurred at a short distance from the drains, and at farther distances, the water
table was horizontal. At a distance of one meter, about 90% of the water table has fallen, but at a
distance of 3 meters, only 30% of the water table has fallen. The soil's multi-layered nature changes
the flow lines' pattern to the drains, where the horizontal flow is more affected by the layers with
high hydraulic conductivity and the vertical flow is affected by the layers with low hydraulic
conductivity. Take (Oosterbaan and Nijaland, 1994). The values measured by piezometers are very
different from the calculated vertical load values in the vertical flow discussion. The difference
between the calculated and measured values and the low value of the calculated vertical load is due
to the low discharge output from the drains. However, the high value of the measured difference
between the piezometer of the surface layer and the level of the drainage base is due to the presence
of the hardened layer and the slow penetration of water into the lower layer. There is a good and
positive correlation between the measured values of piezometers and the calculated horizontal load.
The calculated values of horizontal load and its measurement are somewhat close and show the high
share of horizontal flow in paddy soils. The regression relationship between the values of radial load
and the measured values shows the same trend. However, the difference between these two values in
the radial current was greater than the horizontal current.

According to the results, the contribution of horizontal flow was significantly higher than the
other two components. The contribution of the vertical components is small and, in most cases, less
than one percent. The radial component, which had a larger contribution than the vertical
contribution, had a relatively significant effect of about 11%. Hamzeh et al., 2013, in their study of
water table profiles between two bilevel drains in lands with layered soils, interpreted the large
difference between the results of analytical solution and field measurements as follows; Since the soil
of the experimental farm is composed of three layers with different permeability coefficients, this
changes the pattern of flow lines to the drains. In particular, the limiting layer prevents vertical
infiltration of water. Due to the increase of soil resistance against the water flow path, causes the
flow lines to deviate from the radial state and be horizontal.

Conclusion

Calculating the flow components showed that when the water table was at a higher level, the total
load was overestimated. Conversely, the total load was underestimated when the water table was at a
greater depth. This condition is due to the discharge from the drains; when the water table is close to
the ground, most of the water reaches the drainage trench and pipe by moving horizontally from
above the hardened layer and has a high discharge. However, with the water table drop, the discharge
enters the drain from the hardened layer or below it, mainly by radial movement, and less discharge
comes out of the drain. Due to the presence of different layers in the soil and a layer with low

hydraulic conductivity below the surface layer, the measured values of the flow components were
very different from the calculated values.
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Table 1- Textural class of the soil of the experimental site

Soil depth (cm)  Clay (%) Silt (%) Sand (%)  Soil texture
0-30 49 44 7 Silty clay
30-60 55 42 3 Silty clay
60-90 46 46 8 Silty clay
90-120 42 52 6 Silty clay
120-150 52 42 6 Silty clay
150-200 59 35 6 Clay
200-300 61 34 5 Clay
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Table 2- Daily rainfall during the study period in the experimental site (mm)

Date Rainfall Date Rainfall Date Rainfall Date Rainfall

24 Sep 10.6 23 Nov 5.4 28 Dec 22.3 11 Feb 24.8
5 Oct 87.1 25 Nov 4.9 3 Jan 9.3 12 Feb 7.3

6 Oct 21 26 Nov 4.8 9 Jan 6.2 1 March 3.2
12 Oct 26.8 2 Dec 75 17 Jan 67.2 8 March 111
15 Oct 8.3 6 Dec 3.0 18 Jan 14.3 9 March 35
27 Oct 38 7 Dec 3.6 29 Jan 16.8 17 March 88.2
1 Nov 3.1 18 Dec 3.1 2 Feb 3.9 18 March 52.4
6 Nov 2.9 21 Dec 17.8 3 Feb 45.6 20 March 11
18 Nov 3.2 22 Dec 2.9 4 Feb 3.6
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Table 3- Field parameters of the drainage site at SANRU

Parameter Amount Unit
Hydraulic conductivity (k) 0.23 m day™
Impervious layer depth to drain level (D) 1.1 M
Drain spacing (L) 30 M
Horizontal flow criteria (L) 28.46 M
Radial flow criteria (aD;) 1.1 M
Wet perimeter (u) 0.45 M
Drain depth (d) 0.9 M
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Table 4- saturated hydraulic conductivity (k) of the soil in the experimental site

Soil depth (cm)

Hydraulic conductivity (m day™)

Horizontal Vertical
0-30 0.30 0.40
30-60 0.11 0.07
60-90 0.29 0.08
90-120 0.16 0.50
120-150 0.12 0.40
150-200 0.08 0.13
200-300 0.02 0.04
Hydraulic conductivity average to impervious layer 0.17 0.14
Hydraulic conductivity average to drain level 0.23 0.10
Hydraulic conductivity average from drain level to impervious layer 0.15 0.38
= Rainfall —e— Water Table Depth
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Fig. 3- Water table fluctuation of mid-spacing after each rainfall in drainage system
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Fig. 6- Water depth from piezometer observations in different depths
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Table 5- The Values of RMSE, R? and I, between the total flow load and water level measured

Statistical Index amount
RMSE 0.283
I, 0.17
R? 0.75
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Table 6- Percentage share of flow components in total flow load

Flow component Min Ave Max
Vertical flow 0.35 0.87 1.12
Horizontal flow 82.40 83.38 85.62
Radial flow 14.02 15.75 16.48
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Introduction

The use of practical methods for increasing water conveyance efficiency and optimal use of limited
water resources is vital, especially in the world's arid regions, where water scarcity is always a
concern. In that respect, efforts to reduce the cost of irrigation canals while maintaining the
characteristics, technical standards, prevent damage to the structure, prevent leakage and loss of
water at different stages of water transfer and distribution are of great interest to researchers (Abbasi,
2011). One of the solutions is to use pozzolanic materials, which replace a part of cement as cheap
materials and thus reduce the finished price of cement. Changes in concrete fluidity and plastic
behavior and hydration of cement are the most important physical changes that a pozzolan creates in
concrete. Moreover, it can improve the strength and permeability of hardened concrete, resistance to
thermal cracks, sulfates, and expansion (Luhar et al., 2019). Regarding using pozzolans to strengthen
concrete, one of the most widely used plants in this field is bamboo. Bamboo is a plant that grows in
tropical, subtropical and even temperate regions and any favourable regions in terms of ecological
factors. On average, 20 million tons of this plant are produced annually in Asian and Latin American
countries, which indicates its availability (Frias et al., 2012). Based on observations, Bamboo fibers
increase the water absorption ratio (Xie et al., 2015). Furthermore, with the increase in the percentage
of bamboo fiber, porosity is also growing (Da Costa Correia et al., 2014). However, Xie et al. (2015)
stated that more than 25 to 35% of fiber use reduces stiffness (Xie et al., 2015). Taking these features
into consideration, this study aimed to evaluate improvements in compressive strength, tensile
strength, durability and elasticity of concrete with bamboo pozzolans.
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Methodology

Bamboo straw was used for this research. The required bamboo plant was obtained from the
farms of Guilan province, Rudsar city. In order to use it in concrete mixing design, it must be
pulverized. Five Samples (control, 20% of bamboo particles, 30% of bamboo particles, 20% of
bamboo nanoparticles and 30% of bamboo nanoparticles) were tested to investigate the mechanical
characteristics of samples. One hundred fourteen samples were prepared for this purpose.
Compressive and tensile strength, durability, elastic modulus and strain of different samples were
measured in the 7", 28", 60™ and 128™ days.

Results and Discussion

The compressive and tensile strength of the control concrete in the period of 128 days were
289.11 and 33.97 kg/cm3, respectively. The strength in mentioned parameters grew through time in
all samples, but the one with 20% of bamboo nanoparticles performed similarly to the control
concrete. Having measured the durability, we realized that all samples containing pozzolan
outperformed the control concrete in a sulphate environment, which means they had greater
durability. Elasticity modulus was also measured. The modulus of elasticity in the samples
containing bamboo particles was at least 38.6% lower than the control sample. Thus elasticity in all
pozzolanic samples decreased considerably. Turning to strain results, samples with 20% and 30% of
bamboo nanoparticles had a strain ratio of 146.58 and 122.74 compared to control concrete. The
study reveals that the use of nano-scale bamboo particles made desirable changes in the elastic
properties of the produced concrete.

Conclusions

Based on the results, it can be claimed that the sample containing 20% of bamboo nanoparticles
has the potential to be used in the concrete industry. This pozzolan improved the compressive
strength, tensile strength, durability and elasticity of concrete to an acceptable level. As a result, they
can be benefitial, especially as a filler for expansion joints and contraction of concrete water transfer
channels, which requires sufficient elasticity to prevent cracks during the expansion and contraction
of concrete.
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Sample A B1 B2 B3 B4
Amount of particles of bamboo (%) 0 20 30 0 0
Amount of nano particles of bamboo (%) 0 0 0 20 30

Fig. 2- From right to left, Machines for measuring compressive strength, tensile strength and
elasticity
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Table 3- Comparison means of tensile strength (Kg/cm?) in different Samples

Sample 7" day 28" day 60" day 180" day
A 25.47 2 30.19° 31.32° 33.97°
Bl 3.01¢ 9.24% 13.21°¢ 17.92°¢
B2 2.64° 8.30° 11.89 ™ 16.23 ¢
B3 14.53° 23.21° 29.25° 33.78°
B4 6.79 ¢ 15.09 ¢ 20.00 ¢ 24.15°
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Fig. 4-Tensile strength of different Samples through time
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The proportion

sample Weight  loss of  remained Percent_age of
(Kg) weight weight loss

A 305 95.56 4.43

Bl 24.65 96.05 3.94

B2 2243 96.41 3.58

B3 16.77 97.31 2.68

B4 17.11 97.26 2.73
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Table 5- Comparison means of elasticity (Kg/cm?) in different Samples

Sample Percentage of weight loss Elastic modulus
A 37.23% 321048 °
Bl 28.17° 196923 °
B2 24.17 % 196923 °
B3 20.17" 186732°
B4 22.33°¢ 152188°

odalie B) Jodo ) AoVl Jodo plie (o) b
gt ¥] Jgdo JlAde o3yt s 38 diges &5 33,5
s sledisel ) anYl Jode plie il adl.
5 ol 58l IS 5 & o St IS Y,
ol Ui plas > gl sl Vil o3isl b 3 )
soboles Coslazily glabasMo LB jials dtpwiwY] Jote
alie loxs 4 395 slagiagh (b jo i K03 oS
sl 539 (2014) Da Costa Correia et al. .zl cus
LAY g AN s sladoyd b gl Ygje b odds adle (40
AoV Jodo oy inlial b as™ 5 S samlive 5 0,8 oy p
.(Da Costa Correia et al., 2014) ub .o Sials

oSy dlgo (g SVl clllh 4l 4 g L
ool Ol ! iy gl U5 (5lil g blul sloj)
Cuwglis polie EalS & avg b g Cwsl jboyes iy (oL
b ] oo yolie (123l L g 08 00l g gladiges
5ol sl olge cpl e SVl cubld 5y50 > CousblB
Gga3 o 4y bgspo atgto¥] Joto polis (23l L oS bl
2 d bgpe (i)S plie Glge o)lid Cunglio (il
plie I Gaing cpl )3 jobaie predds gl Cawddy |y diges
03905 odliwl digel o 4y bgyye 059y YA+ oles (g)lid Cuoglio
9l 4y pla8l g 03,9] Comday ) K ya Jolre iS5 olie
Bged (gl ol Cumdty 35,5 polie 33,5 e 5,5 Ao
ol 015 03591 (8) Jgi>

slo diges &S W3S Ly (2014) Buri ; Ademola

ied Jpglie miie Clilgw b )3 gl (Vojs 55l
2o 0 9 Ve iy b gt S ot b 15 ) o o
38,5 05lul ) o (65Lid ceoglio wodle ol 5> guels Vo5
Lol 8l (ials o2y BB jlade 4y (g)lid Cuglie ¢ ]S (52
S0 Oliwe &S Canl S5 BB el Lili8l b dged asdy o
yol cpl ol gy audy 5l i (sdo)d Ve wiged jo (g lid Canglie
Mo 3 39250 &5 jpie Sllgw ole (ST 5l (3L,
cudly @Byl ¢ (CaS04 — 32H20) ol 4 leww
(3Ca0O - AI203 - 3CaSO4 - 32H20 )
plgd wyp L 55 (2016) Gangava 4 Dhinakaran

4)94» AJ)-A.\; 9 Jwo)d Yo o YO Y« N0 - d9L> LglmuLo.w;

03)S (e pld oyt b liges 1) gu0)3 10

O LYl J9h0 Ly @l -0
booad asle bgn abwto¥l Jobo us lp
3)90 059) YA+ oy 3 Ladiges (olos cgualy cilisee sla)Ygjs
5 SAS J38le 5 b o)lol sla oo plosl b i S )18 ialel
Jste 9 0y Rl Cluogad uibly 40 Jouo JSis
9 plp Ol p S0 Jlite S aSul & dog b el
Al calisee gladiges dunlie .Cunl 3 ime Al oo

Colors 03y5 (8) Jogdo 3 dtpumiw¥] Jgio g plgd

P Ojs Ol e 45 335 o pasuie (0) Joia g b
Sl B3 wges 3y Sl (U5 ) JpS wses

.C.Lw‘a.)y

gos B 4 Loy gy 2ol -1 Jour
Table 6- Strain in different Samples



4

OY=F0 Lo NF¥ Lo\ o Lt FY o) 53

ol olige (s

Sample Strain Ratio of strain to the control concrete
A 0.0017 100
B1 0.001135 66.98
B2 0.00107 63.04
B3 0.0025 146.58
B4 0.0021 122.74
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Abstract

Remote sensing is a fast and cost-effective solution in preparing and presenting this data to climate
models due to the difficulty of preparing snow meteorological data in the field. The presence of
clouds is one of the problems of satellite images that cause temporal-spatial fragmentation of snow
data and increase its resolution efficiency. This study aims to provide a suitable framework for
removing the effect of clouds on satellite images and generating the satellite snow metering data
without disturbing cloud effects. For this purpose, first, daily MOD10A1 images of the MODIS
sensor products were refined (temporally and spatially) using local snow depth data, average
temperature, and daily rainfall of the Lake Urmia catchment and western part of the Caspian Sea
basin. A multivariate linear regression model application showed that the normalized snow
differential index (NDSI) values correlate with existing snow metering station data (r= 0.85 and
RMSE= 0.047). Accordingly, the cloud-covered areas in the MODIS images were replaced with the
values obtained from the model. Then, new NDSI values were calculated using geostatistical
methods and the location of each pixel's location. By examining the relationship between the NDSI
and the cumulative snowfall from January to March 2016, it was found that replacing the primary
satellite images with corrected images can increase the R? from 0.63 to 0.81. Therefore the proposed
methodology could improve the accuracy of satellite snow metering.

Introduction

In many arid and semi-arid regions of the world including Iran, snow accumulated in snow pits
creates a significant supply of water resources as snow-equivalent water in the mountainous areas of
the basin (Tabari et al., 2010). The reservoir also plays an essential role in providing the base
discharge of permanent rivers and under special conditions in controlling the flood regime of the
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rivers downstream because the snow remains in the basin for a long time before it becomes runoff in
the form of solid and cold masses. Knowing the level of snow cover and its storage volume is one of
the most basic needs of water resources managers (Marofi et al., 2009). An integrated evaluation of
cloud pixel reduction and correction methods shows that although these methods are instrumental in
reducing cloud opacity, they are associated with uncertainty and lead to a reduced spatial or temporal
resolution to varying degrees (Gao et al., 2010). The primary purpose of this study was to provide a
suitable method for estimating cloud pixels of daily snow cover images of Modi's sensor according to
digital elevation map, average daily temperature data, daily precipitation, ground-recorded snow
depth data, and also determining the Spatio-temporal distribution of snow to Especially in the
problematic areas. It has been without statistics and with many clouds. In this study, first, the
relationship between NDSI values with snow depth, average temperature, precipitation, and altitude
of ground stations has been investigated. This connection is then used to remove the opacity of the
cloud cover of pixels without NDSI data, and a new image is created that lacks cloud data. More
confidence and accuracy in estimating the snow-covered surface are provided using reconstructed
images.

Methodology

In this study, the Iranian Meteorological Organization prepared data on average daily temperature
and daily precipitation in the study period. In addition, two types of local and satellite data have been
used to evaluate the relationship between snow metering at local stations and NDSI data to enable
model validation. In this area, the received images of the quarter have been processed from the first
of December to the end of March 2019. In the local data preparation stage, using digital maps of the
area, the height of basin stations and their location were reset, and the database of these stations was
prepared in GIS format. Then all data and parameters measured at local stations, including average
daily temperature, precipitation, and altitude, were normalized to minimize the effect of scale change
in subsequent comparisons. In the first stage of processing, the dates at which the ground snow depth
data were collected at each station and the image of that area was also cloudless were identified. The
MATLAB software used the linear multivariate regression method for statistical relationship
investigation between the data of the selected stations (Al-Hosseini et al., 2016). In regression
calculation, the NDSI value was considered a dependent variable, and other parameters including
snow depth, average daily temperature, precipitation, and station height were considered independent
variables. The regression relationship of healthy and cloudless pixels in images was used to model
NDSI cloud pixels. Thus, NDSI modeled images are produced daily, even on days when ground
snow metering is incomplete. In the second data processing stage, spatial coherence in the images
can be achieved according to each point and neighborhood.

Results and discussion

Satellite and terrestrial snow meteorological observations are highly correlated concerning
climatic parameters (temperature and precipitation) and topography, and the possibility of
reconstructing satellite observations in cloudy weather based on terrestrial observations is confirmed.
In other words, having the snow depth at the stations makes it possible to calculate the NDSI
accurately. Snow depth has the most significant impact on the amount of NDSI. At the same time,
climatic parameters have the most negligible effect. By observing the NDSI values during the study
time in snow metering stations, the performance of the proposed method can be evaluated. After
performing two-stage cloud effect corrections, the statistical relationship between the cumulative
amount of NDSI corrected and the cumulative amount of total snowfall was assessed. In this case,
while increasing the coefficient of explanation from R?= 0.63 to R%= 0.81, the value of RMSE also
decreased by 0.17. These values confirm the efficiency of the proposed method and the effect of
temporal-spatial corrections on more accurate snowfall estimation in the study area.
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Conclusions

By examining the relationship between NDSI and the cumulative snowfall from January to March
2019, it was found that replacing primary satellite images with corrected images has increased the
coefficient of determination (R?) from 0.63 to 0.81. This indicates an improvement in the accuracy of
satellite snow metering using the present method. According to the acceptable results of the present
study, the above method can be used as a quick and reliable supplement for field snow measurement
in areas where depth measurement may not be performed completely and accurately. Because in
some parts of Iran, due to equipment or operator error technical defects, ground depth measurement
is not recorded correctly, satellite images with two-phase cloud correction will reduce mistakes in
upstream models, such as climate forecasting models.
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Table 2- Mean precipitation, snow depth and average temperature of the meteorological stations in 2019

Average temperature (°C)

Snow depth (mm)

Precipitation (mm)

January  February

March

January

February

March  January

February

March

2.69 2.72

2.79

2202.86

2161.94

215512  2519.35

2482.31

2466.87
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Percentage of snow cover 0-100
Defective data 200
Uncategorized 201
Night 211
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Introduction

Drought is one of the most destructive phenomena in the world, especially in Iran. The timely
prediction of drought and its severity can make it easier to take the necessary measures to combat this
phenomenon. Different methods have been proposed to predict droughts; however, what matters is
which method can make the predictions more accurate. Many researchers have compared the
CANFIS model with other models such as neural networks and linear regression Malik and Kumar
(2020b); Malik et al(2020a); Malik et al (2019), but it has not been tested against the M5 tree model.
In this study, CANFIS, M5, MLPNN and MLR models have been used to predict drought in
Kermanshah synoptic station, to enhance the accuracy of drought prediction by using a variety of
modeling methods in addition to the influential variables of the SPI index.

Methodology

This study examined the performance of the CANFIS fuzzy-neural model against other models,
such as MLPNN, MLR, and M5 decision tree model, in predicting the SPI drought index in
timescales of 12, 9, 6, 3, 1, and 24 months, for 70 months. The SPI index was developed by McKee
and his colleagues at Colorado State University in 1993 (McKee et al., 1993). A lack of rainfall can
be calculated based on the probability of occurrence over a range of times from one month to 48
months utilizing this index. The optimal input was selected by using autocorrelation and partial
autocorrelation analyses. In order to determine the relationship between the PACE charts and
significant time delays for each index, MINITAB software was utilized to extract the PACE charts
and calculate the significant time delays. In the context of different scenarios, the relationship
between these variables is assessed using the CANFIS, MLR, MLPNN, and M5 tree models,
ensuring that 70% of the data were used for training, 15% were checked for validation, and 15%
were used for testing. CANFIS, MLR, MLPNN, and M5 tree models were evaluated by root mean
square error (MSE), root mean square error (RMSE), standard deviation (MAD), coefficient of
determination (R2), and visual interpretation using scatter diagrams. In order to implement the
CANFIS and MLPNN fuzzy neural models, the NeuroSolution software was used, and in order to
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model the M5 and MLR decision tree algorithms, the Weka software prepared by researchers at
Wikato University was used.

Results and discussion

Kermanshah station receives an annual rainfall of 429.6 mm. The rainfall at Kermanshah
meteorological station has been lower than the average level for three consecutive periods. The first
period is from 1951 to 1956, the second period is from 1958 to 1961, and the third period is from
1988 to 2015. The highest amount of decrease in 2021 was recorded at Kermanshah station with
about 299 mm compared to the average and the highest amount of increase was recorded in 1969
with about 355 mm compared to the average. The SPI index with a period of 1 month has a lower
coefficient of determination in all models than other indices. This can be explained by the relatively
poor performance of the models during this period. In general, the SPI index has less fluctuations
when its time scale increases; on the other hand, droughts with longer periods may show greater
severity. As an example, the value of this index will be greater at the end of a six-month period of
low rainfall compared with the same time and on a three-month basis since in the six-month scale,
the effect of the entire period of low rainfall is considered, while in the three-month scale, only the
effect of the two penultimate months is considered. Based on the scatter diagram, it can be seen that
the performance of the models in the time step of one, three and six months was not suitable in the
limit values; however, from the time step of nine months onwards, the conditions have improved in
all the models and accurately simulate the behavior of the model.

Conclusion

M5 decision trees with coefficients of determination equal to 0.93 and mean square errors equal to
0.248 performed better than other models. Furthermore, the mean square error of the CANFIS, MLR,
and MLPNN models was 0.307, 0.399, and 0.312, respectively, indicating that the CANFIS neural-
fuzzy network model performed better in predicting the drought index as compared with MLPNN
and MLR. Based on statistical calculations and network evaluation indices, it was found that the
choice of time step has a significant impact on the results of the modeling process. In all models, the
correlation between observed drought and calculated drought was more acceptable when time steps
were of 9 months or more. According to the results, the M5 tree model was recognized as the best
model among the four investigated models based on all evaluation criteria. Additionally, the M5 tree
model demonstrated a relatively high level of predictive capability by providing practical and
understandable linear relationships that are easy to interpret. According to CANFIS network, which
is based on fuzzy sets, the drought of Kermanshah climatic region was successfully predicted with
relatively high reliability.
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Table 1- Classification of drought based on the SPI index

SPI category

SPI

Extremely wet
Severely wet
Moderately wet
Mildly wet
Normal
Mild drought

Moderate drought

Severe drought
Extreme drought

SPI>+2.00
1.50<SPI<1.99
1.00<SPI<1.49
0.50<SPI<0.99
-0.49<SPI<0.49
-0.99<SPI<0.00

-1.49<SPI<-1.00
-1.99<SPI<-1.5
SPI<-2.00
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Partial Autocorrelation Function for SPI-1
(with 5% significance limits for the partial autocorrelations)
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Fig. 5- The statistical calculation of the partial autocorrelation function PACF for SPI-1, SPI-3, SPI-
6, SPI-9, SPI1-12, and SPI-24.
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Table 2- Input and output variables in drought prediction models.

Num | Output Input variables
1 SPI-1 SPI-1(t-1),SPI-1(t-11),SPI-1(t-12)
2 SPI-3 SPI-1(t-1),SPI-1(t-3),SPI-1(t-12)
3 SPI-6 SPI-1(t-1),SPI-1(t-6),SPI-1(t-7)
4 SPI1-9 SPI-1(t-1),SPI-1(t-10),SP1-1(t-12)
5 | SPI-12 SPI-1(t-1),SPI-1(t-2),SPI-1(t-12)
6 SPI-24 SPI-1(t-1),SPI-1(t-2),SPI-1(t-12)

CANFIS Juao bSPI k) el ol y R? g RMSE, MSE, MAD WY Jous
Table 3- RMSE, MSE, MAD and R? values for multi-scalar SP1 by CANFIS model.

Drought  Model Train validate Test
index  structure  MAD MSE RMSE R?> MAD MSE RMSE R?! MAD MSE RMSE R?
SPI1 Gauss-3 0.63 074 086 038 065 075 088 037 066 0.76 0.89 0.36
SPI3 Gauss-3 053 055 074 059 057 056 076 058 0.56 0.56 0.76 0.58
SP16 Gauss-2 051 047 068 071 056 078 069 071 057 0.79 0.69 0.71
SPI19 Gauss-2 042 036 060 078 043 037 065 077 044 0.38 0.66 0.76
SPI12 Gauss-2  0.37 0.28 0.53 091 0.38 0.29 0.58 090 0.39 0.30 0.58 0.90
SPI124 Gauss-2  0.37 0.24 0.49 0.93 0.39 0.29 0.49 092 0.39 0.30 0.50 0.91
MLPNN Juo bSPI k) sl 52 R? sRMSE, MSE, MAD mti—¢ Jsi
Table 4- RMSE, MSE, MAD and R? values for multi-scalar SP1 by MLPNN model.
_ - Train validate Test
% x 3 > S gS 2
se % €S 2 w 8 . 2 w & o 2 w 8
(ol 1S g £-5 e s s g a4 S s E a4 S 2 E @
SPI1  Momentum 1 10 0.651 0.751 0.866 0.37 0.687 0.768 0.921 0.35 0.689 0.772 0.926 0.35
SPI3  Momentum 1 13 0552 0585 0.765 057 0.557 0.592 0.812 0.53 0.564 0.594 0.824 0.53
SPI6  Momentum 1 9 0517 0479 0692 071 0524 0483 0.801 0.70 0.532 0494 0.811 0.69
SPI9 Momentum 1 7 0422 0354 0595 079 0435 0.369 0.621 0.76 0.446 0.401 0.634 0.75
SPI12 Momentum 1 10 0.387 0.303 0551 0.86 0392 0.326 0.603 085 0.395 0.338 0.614 0.85
SPI24  Momentum 1 11 037 0.274 0.497 0.88 0389 0.301 0.512 0.87 0.394 0.312 0.521 0.87
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Table 5- RMSE, MSE, MAD and R? values for multi-scalar SP1 by MLR model.

Drought Train Validate Test
index MAD MSE RMSE R? MAD MSE RMSE R?> MAD MSE RMSE R?
SPI1 0.757 0.85 0922 035 0.823 0940 108 0.34 0.813 0.96 1.019 0.34
SPI3 1.053 1.547 1.244 0.60 1.069 1.632 1.365 059 1126 1.621 1.372 0.58
SPI6 0.782 0.922 0.96 0.77 0.798 1.09 1.08 0.75 0.832 1.110 1.091 0.74
SPI9 0.420 0.322 0.568 0.83 0.436 0.435 0.615 0.81 0.446 0.624 0.621 0.80
SPI112 0.402 0.273 0.522 0.89 0424 0.289 0.584 0.89 0.436 0.592 0.598 0.88
SP124 0.480 0362 0.602 092 0501 0.396 0614 091 0512 0.399 0.625 0.90
IM num: 1
apizdi-t =
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IM num: 2 1,05,\'3-;...‘%"%',_V_.qur:;;ﬁmzsm
spizd-t = ’)_A:rn?ﬁ’_ﬂ_“xnms‘”_
0.6448 * Is;3piz4-tl R
+ 0.0416 * spiz24-t2 Tl o
+ |:I : 0563 * Sp124_t12 LM 3 (021 01:\:‘35’) B LD':ISMEWH’JUI%] UMWHT&S:J( ‘05’) B ho”l.‘:l-ﬁr_t;‘lﬂ!l)
- 0.0535 :
Fig. 6- Diagram of the M5 model tree with nine linear regression models at the leaves.
Bes p 50 (o Ogamw 5y J A LMS o oo 50 slogei -1 IKS
M5 535 Jae LSPI Sk el iy R? 9RMSE, MSE, MAD &b -1 Jyo>
Table 6- RMSE, MSE, MAD and R2 values for multi-scalar SP1 by M5 model tree.
Numbe Train Validate Test
Diao(;’tht r[JIoefs MAD  MSE RMSE R! MAD MSE RMSE R’ MAD MSE RMSE R’
SPI1 2 0.664 0769 0877 044 0721 0828 0926 042 0732 0831 0931 041
SPI3 2 0.568 0556 0746 059 0621 0563 0.813 057 0635 0569 0.823 056
SPI6 1 0.475 0409 0639 079 0524 0515 0689 077 0541 0519 0673 0.76
SP19 1 0.406 0303 055 087 0489 0420 0639 085 0491 0426 0642 084
SPI12 1 0.357 0244 0494 092 0372 0315 0521 091 0381 0319 0534 0091
SPI24 1 0.322 0181 0425 094 0390 0241 0536 093 0225 0248 0539 093

LM1:SPI24 = 0.9906 X SPI247,
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Fig. 7- Scatter plots of predicted and calculated SPI-1, SPI-3, SPI-6, SPI-9, SP1-12, and SPI-24 values
by CANFIS, MLPNN, MLR and M5 model tree.
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Introduction

Scour around the bridge piers is a kind of erosion that occurs due to complex vortex flows and
finally creates a hole around the bridge piers (Yang et al., 2019). The maximum scour depth,
which called Equilibrium scour depth, can take a very long time to reach. Although many
researches have been carried out to determine the equilibrium scour time, there is still no suitable
criteria for determining the equilibrium scour time for the complex piers which consist of the pile
group, pile cap and piers. In the present study, considering the importance of this fact that the
local scour process is dependent on time, the effect of the complex pier geometrical parameters
on the equilibrium scour time around the complex pier is investigated. In addition, a regression
equation for the estimation of equilibrium scour time was presented which has suitable
performance to estimate desired output in the range of the experimental data of the present study.

Methodology

The experiments were carried out at the hydraulic and physical-hydraulic modeling laboratory
of the water engineering department of University of Guilan using a rectangular flume with a
recirculation system 8.15 m long, 0.88m wide and 1 m deep which had walls made of glass and
bed made of iron. The pier group in this study consisted of two rectangular columns made of
aluminum with a width and length of 2.5 and 3.5 cm, respectively; with 28-degree skew angle
were placed on rectangular pile cap with 10 cm width and 16 cm length and 3 and 5 cm
thicknesses. The piles were prepared from iron pipes with 2 cm length and 3 cm width and were
installed in the form of 2x2 and 2x3 arrangements below the pile cap the sediment used in this
study was uniform sand with a particle size of 0.7 mm, large enough to avoid ripple formation.
This sand was used to fill a recess section, 1.5 m long and 0.3 m deep. The upstream and
downstream reaches of the flume were covered with coarser sand with a size of 1-2 mm. The
recess section and the complex piers were sufficiently distant from the flume inlet to ensure that
the scour process was induced by a developed flow.

For each run, water was let into the channel at a low discharge to prevent undesired sediment
motion before the run was intended to start. Then, the flow depth was increased to the prescribed
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value of 0.23 m using the butterfly gate. Finally, the flow discharge was increased to the target
value of 0.0537 m%s, continuously adjusting the butterfly gate to maintain a constant water
depth.

Scour depth values were frequently collected using a point gauge whose shape enabled scour
depth values to be taken below the cap if needed. Experiments were ended as the variation of the
scour depth became less than 1 mm after 3 hours based on Raudkivi and Ettema (1983). The final
scour topography was measured using a Laser scanner Leica with £1 mm accuracy.

Results and Discussion

It is common to use the effective or equivalent diameter (D) for the effect of the effective
components in the investigation of scour around the pier groups. The comparison of the results
showed that in each installation of the top level of the pile cap, the effective diameter increased
by 40% on average with the increase in the diameter of the piles, while the effective diameter
increased by 5% on average with increase in the thickness of the pile cap. Also, by increasing the
top level installation of the pile cap, due to the smaller piles diameter compared to the pier width,
the effective diameter decreases by an average of 8%.

The comparison of the laboratory results of the top level installation of the pile cap Z/D=1,
indicated that as the relative piles diameter (d,/D) increased from 0.6 to 0.9 which led to increase
in the relative effective diameter of the complex pier, the value of the equilibrium scour time and
corresponding scour depth (ds/D) increased by 20% and 11% on average, respectively. At the
same condition, the value of the relative pile cap thickness (t,/D) increased from 0.9 to 1.4 and
due to the increase in the relative effective diameter of the complex pier, the equilibrium scour
time decreased by 27% on average. Also, the relative equilibrium scour depth (ds./D) decreased
by 7% on average. Furthermore, by changing the arrangements of the piles from 2x2 to 2x3 and
increasing the relative effective diameter of the complex pier, the value of equilibrium scour time
and relative equilibrium scour depth (ds/D) increased by 15% and 13% on average, respectively.

The comparison of the laboratory results in the Z/D=2, indicated that with the increase of d,/D
from 0.6 to 0.9, the value of the equilibrium scour and d./D value increased by27% and 20% on
average, repectively. The laboratory results showed that the increase in T,/D from 0.9 to 1.4 and
and increase in D¢/D led to a decrease in the value of equilibrium scour time 34% on average. In
addition, the value of ds/D decreases 8% on average. Considering the results indicated that by
changing the arrangement of the piles from 2x2 to 2x3 and increasing the D./D, the value of the
equilibrium scour time and ds./D did not change significantly.

Comparing the results showed that in the Z/D=3, by the increasing of d,/D from 0.6 to 0.9 and
increaseing D¢/D, the value of the equilibrium scour time increased by 13% on average. In
addition, the value of dy/D increases by 23% on average. Considering the laboratory results
showed that increasing T,/D from 0.9 to 1.4 did not significantly change the amount of
equilibrium scour time and ds/D. The comparison of the laboratory results showed that by
changing the arrangement of the piles from 2x2 to 2x3, the value of the equilibrium scour time
and ds/D did not change significantly.

The laboratory results in the Z/D=4 showed that by increasing d,/D from 0.6 to 0.9, the value
of the equilibrium scour time increases and the ds/D increased by 30 and 24% on average,
respectively. The comparison of the results showed that the increase of T,/D from 0.9 to 1.4, the
D./D increased and the amount of equilibrium scour time increased by 18% and the value of ds
/D increased by 12% on average. By changing the arrangement of piles from 2x2 to 2x3, the
value of the equilibrium scour time increased by 11% on average and the value of ds./D does not
change significantly.

In this study, in order to derive the regression equation to estimate the equilibrium scour time
around the complex pier group, the effective parameters were studied in the form of following
equation:
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The corresponding values of variables are shown in Table (1). The comparison of results
indicated that there is good agreement between the desired outputs and experimental results.

Table 1- Coefficients of equations to estimate equilibrium time and realated statistical

indicates
The

numberof a b c d e f RMSE NSE R? M('?/P)E
parameters )

2 0.68 1.05 2.32 0 0 0 0.12 0.99 0.99 4.67

4 0.72 0.97 -0.004 0.08 2.32 0 0.03 0.99 1 0.21

5 0.72 0.96 0.006 0.09 2.33 -0.01 0.04 0.99 1 0.015

Conclusions

In this research, the effect of different parameters of complex bridge pier (the relative
thickness of pile cap, the relative diameter of piles, the arrangement of piles and the relative
elevation of pile cap) on the equilibrium scour time around the complex pier group was
investigated experimentally. The comparison of the results showed that for all installation of the
top level of pile cap, by changing the arrangements of the piles from 2x2 to 2x3, the equilibrium
scour time increased between 4 and 22%. The results indicate that at all installation of the top
level of the pile cap, by increasing (d,/D) from 0.6 to 0.9, the equilibrium scour time increases
between 14 and 26% on average. The comparison of the results showed that the equilibrium
scour time increased by increasing the relative thickness of the pile cap in the range of 8 to 18%
on average, but by increasing the number of piles, the equilibrium scour time increased from 0.9
to 1.4 and by increasing the pile cap thickness (T,/D), the equilibrium scour time increased by 3
and 28% on average. Also, in a regression equations inculding 2, 4, and 5 parameters were
derived to estimate the equilibrium scour time around the complex pier group.
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Fig. 8- Temporal development of the instant scour depth for pile group geometries at the relative pile
cap elevation Z/D=3 to a) maximum scour depth b) effective diameter of complex pier
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Fig. 9- Temporal development of the instant scour depth for pile group geometries at the relative
pile cap elevation Z/D=4 to a) maximum scour depth b) effective diameter of complex pier
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Table 2- the time scale equations studied in present study

Descriptions

Equations Researchers
te: Equilibrium time (day)
D: Pier diameter
V:Mean flow velocity t, = 30_89(\/2)&\//__0_4)(L)0.25 forY <6
Vc: Inception of motion c D D
velocity D.V y Melville and
y: Flow depth e = 48.26(07)(——04) for5>6 Chiew (1999)

temax: Maximum
Equilibrium time for V =
V¢ and }‘—)’>6

D
days) = 28.96 —
(days) v

te (max)

tams: EXperiments duration
time (day)

U
. . —1.83x—
De: Effective complex pier ¢ :127.8(&) (U7_0.4) (L)o.zse U for <6
diameter U U, D, D, Moreno and
U: Mean flow velocity D. U 183 Couto (2015)
Uc: Critical flow velocity — tyns = 200(U—e)(u——o.4)e Ye for = > 6
h: Flow depth c e

D.: Effective complex pier
diameter
C,: 200 day/s
Cs: 127.8 day/s

D, U y U
t,(days)=C, —2(—-04) for2%>6and — >04
o (days) 2 (U ) 5

U: Mean flow velocity c e Ue
Uc: Critical flow velocity D, U Y0102 Yo u Yang et al.
t, (d =C,—&(—-04)()* for—=—<6and —>04 !
Yo: Flow depth (s =Co (G 0 ) Torp <6and > (2020)

te: Equilibrium time (day) U
tgo: Time to reach 90 tgo (days) =exp (—1.83U—)te
percent of the equilibrium c
scour depth
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Table 3- Coefficients of equations to estimate equilibrium time and realated statistical indicates

MAPE (%) R? NSE ~ RMSE  f e d c b Number of
parameter
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Introduction

Turbidity currents, or dense flows, occurs when a fluid moves within another fluid with different
densities, also Turbidity Current occurs when a fluid with a higher or lower density than the ambient
fluid enters a fluid with a different density. The main cause of this phenomenon is the effect of the
difference in density on gravitational acceleration; hence, Turbidity Currents are also referred to as
gravitational flows (Graf & Altinakar, 2003). Karamichemeh (2014) investigated the effect of slope
and concentration on turbulent flows in the submerged region along a straight path. To achieve this,
they conducted 60 experiments with four discharge rates ranging from 5.0 to 2.0 liters per second,
four concentrations with volumetric mass of 1013, 1009, 1006, and 1016 kilograms per cubic meter,
and three slopes of 8, 12, and 16 percent. The results of this study showed that with an increase in the
Richardson number (inverse of the square root of the densimetric Froude number), the intensity of
mixing decreases. Additionally, the intensity of mixing in the submerged region is greater compared
to the intensity of mixing in the body region. Given the limited studies on the movement of Turbidity
currents in curved paths, the aim of this research is to investigate the effect of bends on the Water
Entrainment in the plunging region.

Methodology

A three-bend flume with 90-degree bends and radii of 40, 80, and 120 cm, height of 60 cm, and
width of 20 cm, was used in the Hydraulic Laboratory of the Faculty of Water and Environmental
Engineering of Shahid Chamran University of Ahvaz. In this flume, the turbidity current from the
beginning of the flume entered a cavity with a depth of about 40 cm through a flexible and
removable pipe with a diameter of 10 cm, and after filling the cavity and passing through three net-
shaped relaxers, it entered the arch. At the end of the flume, clear water entered the flume; In such a
way that the volume of the output turbidity current is almost equal to the input clear water. In order
to create the immersion area, a 33% slope was created in the path of the arch by sand at the place of
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the arches (separately); Also, to reduce the roughness of the floor, a piece of polished wood was used
on the sands (Figure 1). In the current study, water and salt solution was used as a turbidity current,
and to make this solution and transfer it to the flume, the mixing system includes a tank with a
capacity of 2000 liters, a pump with a power of two horsepower in order to transfer the flow to the
head tank (Head Tank) and The shaft and propeller along with the two horsepower engine were made
to homogenize the water and salt mixture. The mentioned mixing system includes the mixing tank,
pump, pipes and connections, as well as the tank head, which was responsible for creating a constant
head from the turbidity current to be transferred to the flume.

Head Tank e -
Turbidity Current input Siphon Extraction concentration

Butterfly ’ ’
miver e
tank |
S water U (b (a

pump

Fig. 1- a) view of the flow transfer system to the flume and how to measure the effective
parameters b) A view of the Turbidity Current preparation and pumping system

Results and Discusspn

The maximum value of the initial mixing coefficient of the ambient fluid to the turbidity current is
0.4 which means that a maximum of 40% of the flow of the ambient fluid can enter the turbidity
current in the plunging region. By increasing the radius of curvature and reducing the effect of
centrifugal force, the transverse velocity (velocity perpendicular to the arc) decreases and this
decrease causes an increase in the longitudinal velocity (velocity along the arc). An increase in the
longitudinal velocity causes an increase in the momentum of the concentrated flow in the direction of
the arc and more collisions between the concentrated flow and the ambient fluid. Therefore, in the
third arc (the arc with a radius to width ratio of six) the highest longitudinal speed and the highest
intensity of mixing occurred.

Conclusions

The phenomenon of turbidity current occurs when a fluid moves inside another fluid due to the
difference in density. When the density of the fluid is greater than the density of the ambient fluid,
underflow occurs. In turbidity currents in the contact area of the flow with the ambient fluid, the
instability of the flow at the boundary between the two layers causes the ambient fluid to enter the
turbidity current. The submergence zone is one of the four areas of underpass turbidity currents,
which has the highest amount of ambient fluid entering into the turbidity current. In this research, the
behavior of concentrated salt flows in arches was studied. The results show that the increase in the
radius of curvature leads to a decrease in the centrifugal force and an increase in the speed in the
direction of the flow, and this causes an increase in the mixing intensity. As the density of the
turbidity current increases, the tendency of still clear water to penetrate into it decreases. Also, in the
context of the ambient fluid entering the turbidity current, a relationship has been presented that
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shows that a maximum of 40% of the ambient fluid discharge can enter the turbidity current in the
plunging region.
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Table 1- Range of data collected in the present study

description number of change states Parameter

straight path +§ = 2,4,6 1+3 Radius of relative curvature
10 cm on the straight path 1 fluid water level

5,75, 10, 12.5 g/l Concentratlcl)ir;e(grams per

1,15,2,25L/s 4 flow rate (liters per second)

total number of tests
64
performed
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Fig 8- The change of mixing intensity coefficient against Richardson's number in the present research
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