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Introduction

The main causes of scouring and erosion of the river’s bed and banks are the interaction of secondary
flows and the sediment bed particles. Bank erosion causes disturbance of private and public lands,
damages aquatic and riparian ecosystems, and degrades water quality. In addition, the eroded
sediments will deposit downstream in front of intakes, flood control and navigation channels and
valuable wetland areas (Biedenharn et al, 1997; Julien, 2002).

Numerous studies have been conducted on the pattern of flow, erosion and deposition in bend and
in the presence of banks protection structures. One of the structures that has been used in recent years
is the use of six-leg concrete elements called A-Jack. In recent years, some studies have been
conducted on the use of these components to control the pier and abutment scour bridge. In late 1998
and early 1999, a series of 54 tests of 6-inch model scale A-Jacks was conducted at Colorado State
University (CSU) to examine their effectiveness in pier scour applications. This program is described
in detail in CSU’s test report entitled, "Laboratory Testing of A-Jacks Units for Inland Applications:
Pier Scour Protection Testing" (Thornton et al. 1999a and b). So far, no comprehensive research has
been done on the effectiveness of these elements as controllers of banks toe erosion. Therefore, the
purpose of this study is to investigate the effect of the geometry of the submerged wall constructed
by six-leg elements on bed topography of a flume bend.

Methodology

The experiments were conducted in a 90-degree laboratory flume bend of constant width, b = 70
cm. The bend is connected to an upstream straight reach 5 m long and a downstream straight reach 3
m long. Also, the ratio of the curvature’s radius to the flume’s width (r/b) equals 4. The inner and
outer radius of the bend are 2.45 and 3.15 meters, respectively. The flume sidewalls were made of
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plexiglass. A slide gate was installed at the end of the channel to control the flow depth. Sediments in
a layer 20 cm thick are made of sand with mean diameter of d50=1.5 mm and a geometric standard
deviation equal to 1.22. The experiments were carried out in four different flow discharges 30, 33, 36
and 39 lit/s (corresponding to particle Froude numbers 2.5, 2.75, 3, 3.25) with a constant depth of 11
cm. The six-leg elements used in this research are made of concrete. The wall installed at a distance
of 7 cm from the outer bank and the effective height of the elements is 4 cm.

In this study, the topography of the bed without and with the presence of submerged wall made
with six-leg elements has been studied and the effect of the number of rows of wall placement (single
row, two rows, three rows) as well as the relative length of wall placement ( 0.5, 0.333 and 0.166)
have been investigated.

Conclusion

In all experiments of this study, the scour between the submerged wall and the outer bank was
negligible and the wall was able to decrease the scour of the outer bank by about 100% compared to
the baseline experiment and has caused the river Thalweg to move away from the outer bank. As the
flow conditions and the particle Froud number increase, the maximum scour depth changes to the
upper part of the structure and can endanger the stability of the outer bank, However, due to the
impact of the wall, it has shifted to the middle of the channel and continued down the wall. As
observed, the performance of a submerged wall with a relative length of 0.5, is better than that with a
relative length of 0.333. Also, the use of a submerged wall with a relatively short length (0.166) is
only justified for particle Froude numbers less than 2.5 and for the protection of a short section of the
bend.

A comparison of the number of rows also showed that scouring in the three-row condition has
increased compared to single-row and two-row walls, due to the reduction of the flow cross-section
area and a further increase in velocity and shear stress on sediments.
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Abstract

Today, the use of intelligent models in simulating runoff has been widely used in water resources
management. In this study, in order to predict the daily flow time series of the Morghak hydrometric
station in Karun basin, an intelligent model of artificial neural network combined with wavelet analysis
has been used. For this purpose, the ERA-INTRIM observational and analytical precipitation time series
for 16 years (1378-1382) was decomposed by wavelet transform into frequency subsets, then each subset
separately as input data to the artificial neural network model was introduced. The results showed that the
analytical data have a high ability to simulate runoff precipitation models and can be a good alternative to
observation data of rainfall stations. Also, according to the results of the wavelet transform technique, it
can be effective in improving the performance of the simple ANN model for the Bazoft basin by 38% on
a daily scale and 72% on a monthly scale.

Introduction

Estimation and forecasting of precipitation and its runoff have played effective and critical role in the
watershed management and proper utilization of watershed, dams, and reservoirs and finally minimizing
the damage caused by floods and drought. Therefore, this subject is the hydrologist’s interest. Predicting
any event forms the basis of crisis management, and when this goal can be achieved, the predicting
model could be accessed. Several methods are used for predicting hydrological events such as
precipitation. Using each of these methods is always with some error in results. Accurate prediction of
hydrological signals such as precipitation can provide useful information to predict amount of
precipitation for water resources and soil management in a basin. In addition, correct prediction of
hydrological signals plays an important role in reducing the effects of drought on water resources
systems. Hydrological systems are affected by many factors such as climate, land cover, soil infiltration
rates, evapotranspiration which is dependent on stochastic components, multitemporal scales, and above-
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mentioned nonlinear characteristics. Despite nonlinear relationships, uncertainty, and high lack of
precision and variables temporal and spatial characteristics in water circulation system, none of the
statistical and conceptual models which are proposed for accurate precipitation and runoff modeling were
able to become a superior and capable model. Today, nonlinear networks are widely used as one
intelligent system in predicting such a complex phenomenon. One of the methods that have been
considered in recent years in the field of hydrology is the application of wavelet transform as new and
effective method in signals and time series analysis. Monthly modeling and predicting of river flow D4
structure was used with application of wavelet neural network method and monthly flow data from two
stations (Gerdelli Station on Canakdere River and Isakoy Station on Goksudere River) in the Eastern
Black Sea, Turkey.

The neuro-wavelet model improved by two methods: combining discrete wavelet transform and
multilayer perceptron (MLP) to predict monthly flow, compared with multilayer perceptron models of
multilinear regression (MLR) and auto-correlated model (AR). Improvement in the performance of
artificial neural networks (ANN) to predict seasonal time series was reviewed. So several structures of
proposed artificial neural network are presented to predict seasonal time series. The model for four full
time series was tested. The results of proposed neural network had been compared with the results of
current statistical models and other structures of neural network. This comparison showed that the
proposed model of neural network has less prediction error than other methods (Nourani et al., 2011).
Approach improvement based on the precipitation-runoff modeling using a combination of artificial
neural network-wavelet is performed, which shows the model that precipitation and discharge data
entered as an input outperformed than the model just precipitation was entered as an input. Precipitation-
runoff model using a combination of wavelet-neural network model is presented. According to the fitted
coefficients (R2), Root Mean Square Error (RMSE) concluded that the hybrid model of wavelet neural
network is more efficient than the neural network and regression (Nourani and Komasi, 2013).

Materials and Methods

Bazoft basin is one of the sub-basins of big Karun with an area of 2973 square kilometers, which is
located in the central part of the basin. This basin is completely mountainous and high, so that 2924
square kilometers are highlands. The minimum height in the basin is 861 meters and the maximum is
4091 meters above sea level in the northern parts. The average altitude in this area is 2115 meters above
sea level. The Bazoft River is one of the most important tributaries of the Karun River, which originates
from the foothills of the high Turks and Minar Mountains, 80 km southwest of Frieden. The length of
this river is 160 km and its catchment area is located in high, snowy and mountainous areas and has a
constant flow of water. The long-term average flow of this river at Marghk station is about 69.1 cubic
meters per second. Figure (1) shows the location of the Bazoft basin. In this research, the Morghak
station has been used to calibrate and validate the prediction models.

49E 50E 51E 52E

22N

(7Y Elevation
High : 4135

Low : 844
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Fig. 1- Location of meteorological and hydrometric station of Morghak in the Bazoft basin
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Table 1- Results of ANN model in daily and monthly time scales

Precipitation  Network

data structure Input variables (R?)
Training Validation
ERA-Intrim  (2,9,1) P(t), E(t) 0.782 0.762
Observations  (2,6,1) 0.780 0.784
ERA-Intrim  (4,9,1) 0.776 0.679
Observations  (4,6,1) P(t), P(t-1), E(t), E(t-1) 0.795 0.789
ERA-Intrim  (6,11,1) 0.785 0.779
Observations ~ (6,11,1) PO, P(t-1), P(-2), B(), E(t-1), E(t-2) 0.803 0.793
ERA-Intrim  (8,14,1)  P(t), P(t-1), P(t-2), P(t-3), E(t), E(t-1), E(t-2), 0.794 0.779
Observations  (8,14,1) E(t-3) 0.786 0.790
ERA-Intrim  (10,14,1)  P(t), P(t-1), P(t-2), P(t-3), ), P(t-4), E(t), E(t- 0.789 0.780
Observations ~ (10,9,1) 1), E(t-2), E(t-3), E(t-4) 0.794 0.788

Results and Discussion

In order to model the rainfall-runoff process of the basin, the Multi-Layer Perceptron (MLP) model
with feed-in network structure was used. This type of neural network model with error propagation
algorithm is widely used in modeling hydrological parameters (ASCE, 2000). In this study, five input
models were used for the neural network model, the results of which are presented in Table (1). Each
MLP model was trained with 3-20 hidden neurons in the hidden layer and the Lorenberg-Marquat
training algorithm. It has been shown that when the number of hidden layer neurons exceeds the
threshold, it does not have a significant effect on model performance (Abrahart and see, 2000). In this
modeling based on evaluation criteria, the model did not show good results on a daily time scale, which
may be due to the presence of unstable signals in the data. Increasing the time steps to enter the ANN
model did not significantly improve the performance of the model, but in general, due to the ease of
access to ERA-Intrim data and good performance as well as observational data, its neural network
structures were selected as the appropriate model. Also, three time steps were selected as the appropriate
input for using the model. In the next step, by combining wavelet analysis and ANN model, the effect of
mother wavelet type and analysis level on the performance of WANN model was investigated. In this
study, the time series of data were analyzed with Haar mother wavelets (simple mother wavelet) and db-4
(complex mother wavelet) at different levels. Then, the obtained subsets at different levels were
considered as the input of ANN model. According to the results, the db-4 mother wavelet performs better
than the Haar mother wavelet. It should be noted that the level of decomposition of rainfall and runoff
time series was considered the same. The scatter plot and time series of the observational data and the
selected model are given in Figures (2) and (3). As shown in the simulated flow dispersion diagram using
the hybrid model, this model had an estimated minimum of 18% in the simulated flow rate estimation at
discharges above 400 cubic meters per second.
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Fig. 2- Selected time series of neural wavelet model for Morghak hydrometric station
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Fig. 3- Dispersion diagram of selected wavelet-neural model for Morghak hydrometric station
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Table 1- Details of meteorological stations of Bazoft catchment

di (t+1)
d2 (t+1}
-I— — — — —

. Height Longitude Latitude Latitude Station
Station Type (m) (Degree) (Degrees) (Degrees) Code
Goshehpol-  Ordinary 1712 49.94 32.36 1985 21435
Baran rain gauge
crgg;?n Evaporation 1531 50.03 32.21 1996 21150
Chaman  Ordinary 1500 50.03 322 . 42140
Goli rain gauge
Morghak Evaporation 949 50.45 31.66 2000 21233
il 3 T Ao g (5 509 md S0l Silaskin - Jous
Table 2- Specifications of Bazoft catchment hydrometric stations
Station Tvpe Height Longitude Latitude Latitude Station
yp (m) (Degree) (Degrees) (Degrees) Code
Goshehpol- Grade 4 1716 49.94 32.36 Ab Torki 21435
Baran water meter
Tashnavu Craded 475 49.90 32.38 Tashnavi 21996
water meter
Shahid Khedri  Gradel —q50p 49.85 32.39 Bazoft 21060
Bridge water meter
Mavarz Cradel 4 74 50.07 32.17 Bazoft 21476
water meter
Booeeneh Grade4 675 49.85 32.41 Shengi 21481
Shengi water meter
Grade 1.
Morghak 913 50.45 31.66 Bazoft 21233

water meter
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Fig. 2- Overview and location of meteorological and hydrometric stations of Bazoft catchment
(Almasi et al, 2017)
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Observational data of Morghak dropping station
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Fig. 3- Daily flow chart of Morghak hydrometric station
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Fig. 4- Graph of average rainfall and daily evaporation of ERA-Intrim database for Bazoft
catchment
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Table 3 - Summary of hydrometric and meteorological data used in the present study

Station name Station type Average(cms)  Maximum(cms) Minimum(cms) Coefficient of
Variation

Morghak Hydrometry 3341 680 1.97 41.42

ERA-Intrim Rainfall 1.34 57.55 0 5.31

Observations Rainfall 2.28 136.79 0 8.14
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Table 4- Input structures to model in daily and monthly time series

Template number Model input pattern Output
Input pattern 1 P(t), E(t) Q(t+1)
Input pattern 2 P(t), P(t-1), E(t), E(t-1) Q(t+1)
Input pattern 3 P(t), P(t-1), P(t-2), E(t), E(t-1), E(t-2) Q(t+1)
Input pattern 4 P(t), P(t-1), P(t-2), P(t-3), E(t), E(t-1), E(t-2), E(t-3) Q(t+1)
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Table 5- Results of ANN model in daily and monthly time scales

Precipitation

Network

i 2
data structure Input variables (R?)
Training Validation
ERA-Intrim  (2,9,1) P(t), E(t) 0.782 0.762
Observations  (2,6,1) 0.780 0.784
ERA-Intrim  (4,9,1) 0.776 0.679
Observations ~ (4,6,1) P(t), P(t-1), E(t), E(t-1) 0.795 0.789
ERA-Intrim  (6,11,1) 0.785 0.779
P(t), P(t-1), P(t-2), E(t), E(t-1), E(t-2
Observations  (6,11,1) (©), P(E1), P(t2), B, E(-1), E(-2) 0.803 0.793
ERA-Intrim  (8,14,1)  P(t), P(t-1), P(t-2), P(t-3), E(t), E(t-1), E(t-2),  0.794 0.779
Observations  (8,14,1) E(t-3) 0.786 0.790
ERA-Intrim  (10,14,1)  p(t), P(t-1), P(t-2), P(t-3), ), P(t-4), E(t), E(t- 0.789 0.780
Observations  (10,9,1) 1), E(t-2), E(t-3), E(t-4) 0.794 0.788
Ly (59939 891 (519 WANN fow 3 Jolo s -1 Jous
Table 6- Results of WANN model for optimal input pattern
Decomposition Evaluation criteria
Mother wavelet Le;\:/}el RMSE MAE R? NS
Db-4 2 0.031 0.3189 0.80 0.73
Db-4 3 0.028 0.2901 0.81 0.75
Db-4 4 0.025 0.2789 0.83 0.76
Db-4 5 0.025 0.2781 0.83 0.75
Haar 2 0.038 0.3856 0.79 0.71
Haar 3 0.035 0.3528 0.82 0.74
Haar 4 0.032 0.3598 0.82 0.73
Haar 5 0.032 0.3412 0.83 0.73
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Fig. 5- Selected time series of neural wavelet model for Morghak hydrometric station
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Introduction

In recent years, climate change has always been one of the most critical issues and concerns
worldwide. The challenges posed by extreme climate-related events in the field of natural resources,
including water resources, are many, especially since water resources issues interact with a wide
range of environmental, socio-economic, and political sectors. In addition, the main characteristic of
climate change is significant and potentially increasing uncertainty and can increase the complexity
of decision-making processes in adaptation planning (Toimil et al., 2020). The main goal of
adaptation policies is to reduce the vulnerability of human and natural systems to changing climate
regimes (Ghorbani et al., 2022). High adaptive capacity requires action at local, national, and
international scales and awareness of dominant social, political, and economic power structures that
stand in the way of such inclusive governance (Christoplos et al., 2001). Therefore, the institutional
structure is the most critical factor determining the capacity of adaptation, which can appear as a
barrier to adaptation actions or can act as an incentive and facilitator of these actions. Barriers are
known as one of the reasons for low adaptability capacity (Eisenack & Stecker, 2012; Ekstrom et al.,
2010) or as a reason for not converting adaptive capacity into action (Adger, 2009). Barriers are
factors that reduce the effectiveness and impact of adaptation actions. They may result in missed lost
opportunities or cause higher costs. Humans can overcome, avoid, and reduce them through
coordinated action, creative management, changing of practices and mindsets, political will, and re-
prioritization of resources, as well as through institutions. Several studies have been conducted in the
field of identifying barriers or influential factors in creating the capacity to adapt to climate change
(Adger et al., 2009; Goulden et al., 2009; West et al., 2009; Burch, 2010; Ford et al., 2010;
Biesbroek et al., 2011; Runhaar et al., 2012). The purpose of this article is to identify the institutional
barriers to the water resources system of the Qarangu Basin in adapting to climate change.
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Methodology

Since issues related to water resources and adaptation to climate change are complex, systematic
approaches like system thinking and system dynamics should be used to analyze these issues. In this
study, systems thinking (ST) and qualitative system dynamics (QSD) approach, and causal loop
diagram (CLD) tools have been used to analyze the adaptation barriers and relationships between
them. The data collection method in this study is semi-structured and in-depth interviews with
managers and experts of government organizations related to water resources management. The
sampling method is purposeful and snowball. People who have experience, expertise, or executive
responsibility in climate change adaptation and water scarcity adaptation programs were selected. For
this purpose, 22 in-depth interviews were conducted, and the duration of each interview is 30 minutes
on average. The interview file was downloaded in Office Word 2016 and entered into the
Maxgda2020 software, then the text of the interviews was coded and analyzed. After identifying the
adaptation barriers by coding the text of the interviews, the QSD approach was used to investigate
the relationships between them. Finally, VensimPLE 7.3.5 software and CLD diagrams have been
used to show the relationships between compatibility barriers.

Results and Discussion

After coding the interviews, institutional barriers to adaptation to climate change were identified.
In the next step, to investigate the relationships between adaptation barriers and analyze their
accumulated effects on the whole system, the system thinking and Quality system dynamics
approach and CLD diagrams have been used. In this article, to identify, draw and analyze the
relationships between barriers, three sources have been used: the research background, the body of
interviews, and also the researcher's field observations. Figure (1) shows the CLD diagram related to
the institutional barriers to adapting to climate change in the Qarango basin.
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Fig. 1- The Institutional Barriers CLD Diagram
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In Figure (1), feedback loops between variables are also specified which R represents reinforcing
loops or positive loops, and B represents the balancing loops or negative loops. 26 variables (barriers
to adapting to climate change) that are connected through 58 vectors have been identified In Figure
(1). Twelve positive loops and four negative loops have been identified from the relationship
between these barriers.

The patterns and prototypical are significant in any system as frameworks in which the behavior
of system agents is formed in their format. In this article, by analyzing feedback loops, five patterns
between adaptation barriers were identified and investigated. The patterns identified in this study
include the prototypical comprehensiveness of laws and regulations, adaptive capacity, excessive
bureaucracy, symptomatic solution, and responsiveness. Finally, the leverage points and the
intervention actions were analyzed in the Intervention Level Framework (ILF).

Conclusions

In the present study, after identifying the adaptation barriers, were drawn and analyzed the causal
relationships between these barriers to identify their cumulative effects. Then by examining the
institutional barriers in the CLD diagram, five patterns were identified, any of which was analyzed
separately. These patterns include comprehensiveness of laws and regulations, adaptive capacity,
excessive bureaucracy, partial intervention policies, and accountability. Some of these patterns show
the role and importance of law and regulations as the official institution of the water resources
governance system in adapting to climate change. The laws and regulations affect the capacity to
adapt to climate change in various aspects. Non-Comprehensive and sectoral laws and regulations,
excessive bureaucracy, and lack of transparency in defining duties and responsibilities will lead to a
lack of accountability. On the other hand, the conditions caused by the incompleteness of laws and
regulations lead to a reduction in motivation, capacity, and ability of various actors to participate in
affairs. The lack of continuous and active participation has led to a decrease in the learning capacity
of the actors and will result in the inflexibility of the system against changes; Therefore, improving
the comprehensiveness of the laws and regulations and modifying some of them to adapt to the
existing time and place conditions can be presented as a policy proposal to reform this structure.

One of the critical effects of climate change is the reduction of access to water resources, which
leads to a sense of inequality among the local users and actors. The feeling of inequality leads to
opportunistic behavior and the preference for short-term interests over long-term ones. The short-
term perspective of actors at different levels (Local actors, farmers, and operators or government
actors) is inconsistent with the long-term nature of climate change and the need to adapt to this
phenomenon, and it leads to a reduction in the capacity to adapt. At the same time, government
organizations related to water resources management are trying to compensate for the inequality
caused by the reduction of access to water resources by adopting temporary support and
interventional policies and measures, which leads to an increase in the dependence on farmers and
the lack of understanding of the caused problem by them. The short-term views of decision-makers
and policy-makers in the water resources governance system lead to the adoption of short-term
measures aimed at obtaining early results, which leads to path dependence which leads to the
occurrence of more complex problems in the future. Finally, by focusing on the discussed barriers
and feedback loops, were constructed some suggestions to remove the institutional barriers to adapt
to climate change in the Qarrangu basin, in the ILF framework.
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, . Intervention Iceberg
Meadow's 12 Point to Intervene Level Eramework Model ASM
Power to transcend paradigms Paradiom Mental Beliefs
The paradigm that the system arises out of g models
Goals of the system Goals Goals
Power to add, change, evolve, or self-organize
System
system structure System structures structures Structures
Rules of the System Y
Structure of information flow
Gain around driving positive feedback loops Feedback loops
Patterns
Length of delays and delays
Structure of material stocks and flows
Structural Events Events
Size of buffers and other stabilizing stocks elements

Constant, parameters, and numbers

Paradigm \

Goals

\ Potential for impact

System Structure

N

/

Feedback and Delays

AN

/

Structural Elements

AN

Low

Fig. 1- Intervention level framework (Johnston et al., 2014)
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Table 3- The 5-level intervention framework (Malhi et al., 2009)

Level Description

- Unstated assumption under which a system operates

Paradigm feedback

- A system's deepest belief and the source of system goals, information flow,

- It is very difficult to intervene at this level, but it can be very effective
- What the system is trying to achieve- the drivers of the system, with

Goals

everything below working towards their achievement

- Activities at this level focus on or change the aim of the system

- Enhancing connections across most of the system as a whole

- Activities at this level will shift the system structure by changing system
linkages or incorporating novel elements

System structure

- All of the elements that make up the system as a whole including the various

subsystems, actors, and their interactivities
- Includes the 2rules of1 the game® that governs the system and controls

information flows

- Allows the system to regulate itself by providing information about the

- Affect subsystems, actors, and the physical structure of the system

Knowl - A o
owledge, outcome of different activities back to the source of the activities
feedback, and . . . ; ;

- Can be simple and direct or involve multiple variables
delays . o .

- Can include monitoring and evaluation
Structural . - .

- The easiest level at which to intervene
elements

- Many activities at this level are usually required to create system-wide change

@B bl L3 -Y Jou
Table 2- Evaluate the reliability of the results

Interview title Number of data Number of Result (%)
agreements
1 Water organizationl 42 18 85
2 Agricultural organization2 37 11 70
3 Natural resources organization 3 22 9 59
4 Environmental protection 1 30 12 60
T

otal

131 50 68.5
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Table 4- Descriptive statistics of the sample

The age range of  Education range of

Title Number . . - -
interviewees interviewees

Regional Water Company 5 35-65 Bachelor - Master
Agricultural Organization 6 45-65 Bachelor - Master
Organization of environment 3 40-55 Bachelor - Ph.D.
Natural resources organization 3 29-45 Ph.D.
Management and Planning Organization 2 45-57 Ph.D.
Provincial government 1 63 Ph.D.
Experts 2 55-65 Master - Ph.D.

Total 22
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Introduction

Evapotranspiration is considered one of the most essential parameters in meteorology and water
resources (Sun et al., 2021). Therefore, accurate estimation of reference evapotranspiration is one of
the most important tasks that lead to better management of water resources and solving many water
engineering challenges (Wanniarachchi and Sarukkalige, 2022). Various meteorological variables,
such as solar radiation, air temperature, relative humidity, and wind speed, can interactively affect
the reference evapotranspiration component (Yan et al., 2019). Therefore, the development of
various improved methods to predict this very important variable is of particular importance for
researchers (Ghumman et al., 2021). Due to the complexity of hydrological systems, complete
modeling of hydrological systems is very complicated (Eslamian and Eslamian, 2022). In addition,
the existence of uncertainty in future climate changes makes it important to model and achieve
possible future changes. In such a situation, it is beneficial to use modeling based on mathematical
relationships and data-based models (Kisi et al., 2016). One of the available models is Support
Vector Regression (SVR), which has been used in various studies (El Bilali et al., 2023; Shabani et
al., 2020). The fruit fly optimization algorithm (FOA) is used as one of the innovative algorithms for
optimization, and due to its high accuracy in various optimization applications, such as global
continuous optimization problems, it has been able to attract a lot of attention (Wu et al., 2020). The
aim of this research is to evaluate the performance of SVR optimized with FOA in estimating daily
reference evapotranspiration of Ahvaz station located in Khuzestan province. Due to the hot and
semi-desert climate of Ahvaz and the growing shortage of water resources, accurate forecasting of
daily reference evapotranspiration becomes more important in this station. It is noteworthy that the
SVR-FOA hybrid model is used for the first time in this research to predict daily reference
evapotranspiration values. The review of previous studies has shown that the SVR-FOA model has
not been used to estimate daily reference evapotranspiration.
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Methodology
Study area

In the current research, daily reference evapotranspiration values were considered during the
statistical period of 22 years in 2000-2022 at Ahvaz station. This city is located in the geographical
position of 31° 30" N and 48° 65" E, in the plains of Khuzestan and with a height of 12 m above sea
level, in the southwest of Iran and the center of Khuzestan province.
Table (1) shows the different scenarios considered as input and output of the models. Parameters of
average temperature (Tag), minimum temperature (Tmin), Maximum temperature (Tp.), average
relative humidity (RHayg), minimum relative humidity (RHpin), maximum relative humidity (RHmax),
wind speed (U), and sunshine hours (SSH) as input parameters and daily reference
evapotranspiration (E) as the target parameter. The way of choosing different input compounds to
estimate daily reference evapotranspiration in the studied models is based on having a higher
correlation than other compounds.

Table 1- Different input combinations to estimate the amount of daily evapotranspiration in the studied

models
Scenario parameters Input Output
1 Tavg E
2 Tavq Tmin Tmax E
3 Tavq Tmin Tmax RHavq E
4 Tavq Tmin Tmax RHavq RHmin RHmax E
5 Tavq Tmin Tmax RHavq RHmin RHmax U2 E
6 Tavg T min T max RHayq RHmin RH max U2 SSH E

Support Vector Regression (SVR)

SVR is used to classify and analyze regression problems. This method was proposed by Vapnik
and Chervonenkis (1974). SVR is based on the dual classification in the desired feature space and is
widely used in prediction problems (Jha and Hayashi, 2014; Yoon et al., 2011).

Fruit fly optimization algorithm (FOA)

Pan (2012) presented the fruit fly optimization algorithm (FOA) for the first time. This simple and
fluent algorithm has solved part of the challenges related to the difficulties of previous algorithms.
This algorithm is similar to many other meta-heuristic algorithms that are designed based on the
inspiration of nature, based on the natural behavior of organisms. The fruit fly approaches the
location of the fruit after smelling the fruit in the air. This insect finds the exact position of the fruit
by using its sense of sight (Poluru and Kumar R, 2021).

In this research, the statistical parameters of correlation coefficient (R), root mean square error
(RMSE), Nash-Satcliff coefficient (NS), and Willmott’s index of agreement (WI) were used to
evaluate the performance of different scenarios defined for the studied methods.

Findings

The evaluation of the results according to Table (2) showed that the third scenario of the SVR
model with R=0.71, RMSE= 1.45 mm/day, NS=0.33, and WI1=0.82 has the lowest error compared to
other SVR combinations. The high accuracy of this model shows the high importance of the relative
humidity parameter in increasing the prediction accuracy of the reference evapotranspiration
parameter. Among the combined SVR-FOA models, the sixth scenario with R=0.71, RMSE=1.24
mm/day, NS=0.51, and WI=0.82 has the highest accuracy compared to all scenarios. The reason for
this is the addition of the sunshine hour’s parameter to the model inputs. Because the city of Ahvaz
has a semi-desert climate due to long sunshine hours, and as a result, sunshine hours have an
effective role in predicting the accuracy of the daily reference evapotranspiration parameter.
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Table 2- Evaluation parameters of the studied models in the test period

Evaluation criteria

Model R RMSE (mm/day) NS Wi
SVR-L 0.65 153 0.25 0.78
SVR-2 0.64 1.60 0.18 0.77
SVR-3 0.71 145 0.33 0.82
SVR-4 0.69 152 0.26 0.81
SVR-5 0.70 156 0.22 0.81
SVR-6 0.69 152 0.26 0.82
SVR-FOA-1 0.61 139 0.38 0.73
SVR-FOA-2 0.62 139 0.38 0.73
SVR-FOA-3 0.68 132 0.44 0.79
SVR-FOA-4 0.72 1.30 0.46 0.81
SVR-FOA-5 0.72 1.25 0.50 0.81
SVR-FOA-6 0.71 124 0.51 0.82
Conclusion

Forecasting reference evapotranspiration is of particular importance for researchers, therefore
researchers have provided various methods to improve the performance of forecasting models. In this
research, using SVR and SVR-FOA methods, daily reference evapotranspiration values were
estimated in Ahvaz station during the statistical period of 2000-2022. The obtained results were
compared using statistical parameters and it was found that the sixth scenario of the SVR-FOA
model provided the best performance with the lowest error (1.24 mm/day) compared to all models.
Among the scenarios of the SVR model, the third scenario of the SVR model showed the lowest
error (1.45 mm/day) compared to other SVR combinations. In the general situation of the sixth
scenario, the combined SVR-FOA model provided good results in predicting daily reference
evapotranspiration values and was suggested for daily reference evapotranspiration prediction.
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Table 1- Daily statistical parameters of the data used in the test period

Parameter uz2 SSH RH Tavg E
Unit (m/s) (hr) (%) (°C) (mm)
Average 1.99 7.18 54.81 17.07 3.54
Minimum 0.25 0 19 5.3 0.2
Maximum 6.5 11.4 91.25 29.7 10.8
Standard 0.97 3.29 13.51 401 176

deviation
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Table 2- Different input combinations to estimate the amount of daily evaporation in the studied

models
Scenario parameters Input Output
1 Tavg E
2 Tavq Tmin Tmax E
3 Tavq Tmin Tmax RHavg E
4 Tavq Tmin Tmax RHavg RHmin RHmax E
5 Tavq Tmin Tmax RHavg RHmin RHmax U2 E
6 Tavg T min T max RHayq RHmin RH max U2 SSH E
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Table 3- Evaluation parameters of the studied models in the test period

Model Evaluation criteria

R RMSE (mm/day) NS Wi

SVR-1 0.65 153 0.25 0.78
SVR-2 0.64 1.60 0.18 0.77
SVR-3 0.71 1.45 0.33 0.82
SVR-4 0.69 1.52 0.26 0.81
SVR-5 0.70 1.56 0.22 0.81
SVR-6 0.69 152 0.26 0.82
SVR-FOA-1 0.61 1.39 0.38 0.73
SVR-FOA-2 0.62 1.39 0.38 0.73
SVR-FOA-3 0.68 1.32 0.44 0.79
SVR-FOA-4 0.72 1.30 0.46 0.81
SVR-FOA-5 0.72 1.25 0.50 0.81
SVR-FOA-6 0.71 1.24 0,51 0.82

Predicted E (mum/day)
&
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Fig 6- Box plot diagrams of daily evaporation during the test period
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Introduction

Climate change has greatly challenged the management of water resources due to its impact on
water requirements of crops. In this research, the effect of climate change on water requirement of
Rice crop was simulated in the study area of the Tajan watershed and its changes until 2060 were
studied. To investigate climate change, Lars-WG software and HadGEM2 model outputs under (RCP
2.6) and (RCP 8.5) climate scenarios have been used. To evaluate the impact of climate change in the
next 40 years on water requirement, using CROPWAT 8.0 software, potential and actual
evapotranspiration and effective rainfall were calculated for the future period and crop water
requirement was determined and compared with the water requirement of the current period. The
results showed that the mean water requirement of Rice crop in the RCP 2.6 scenario were predicted
in 2040-2021 and 2041-2060 periods is equal to 658.27 and 658.46 mm, respectively, and in the RCP
8.5 scenario in 2040-2021 and 2041-2060 periods were predicted to be equal to 672.93 and 673 mm,
respectively. Therefore, according to both climate scenarios, the water requirement has increased in
all time periods compared to the current period, which is about 648 mm.

Mazandaran is a province based on agricultural production and it has long been one of the centers
of Rice cultivation as the second strategic product of the country. planting Rice is very vital and
important for the economy of the whole region. Therefore, it is necessary to study the evaluation of
changes in the water requirement of Products in response to climate change conditions.

Various researchers investigated the effects of climate change on water requirement, some of which
are mentioned below.

Casolani et al. (2020) in a study investigated the effect of climate change on water requirement of
crops. The results showed that the water requirement in the periods of 2011-2040, 2041-2070, and
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2071-2100 will increase by 6, 19, and 24 percent, respectively, compared to the current period. Jia et
al. (2021) investigated the changes in the water requirement of crops under climate change
conditions. The results showed that the effective rainfall increases by 0.98 mm per year and the water
requirement decreases by 2.27 mm per year.

Methodology

Considering the direct relationship between the climatic variables of temperature and precipitation
and plant evapotranspiration, it is first necessary to evaluate different climatic scenarios, and then to
evaluate this information to estimate the water requirement of plants. In the present study, in order to
investigate the effects of climate change on the water requirement of Rice crop in the future, it was
necessary to simulate the climatic parameters of this period. In this research, the outputs of one of
atmospheric-oceanic general circulation models hamed HadGEM2 have been used to investigate
rainfall and temperature changes under RCP 2.6 and RCP 8.5 climate scenarios as optimistic and
pessimistic scenarios in the study area of the Tajan watershed. Lars-WG software was used for
Downscaling during three stages of data calibration, data evaluation, and meteorological data
generation for the future period. Daily values of rainfall, maximum and minimum temperature, and
sunshine hours for the next 40 years (2021-2060) were produced and simulated.

CROPWAT 8.0 software was used to estimate water requirements. This model is a simple water
balance model and enables the simulation of moisture stress on the plant and calculation of the yield
reduction based on the established methods of estimating evapotranspiration and the reaction of the
plant to water stress. The steps for calculating water requirements are explained below.

-Calculation of evapotranspiration:

In order to determine the potential evapotranspiration, the FAO- Penman -Monteith method, which is
approved by the international commission on irrigation and drainage (ICID), food and agricultural
organization (FAO) and american society of civil engineers (ASCE), was used by CROPWAT 8.0
software. This method provides the most up-to-date, accurate, comprehensive analysis related to the
process of evapotranspiration and enables the quantification of this criterion through mathematical
equations (Gkatsopoulos, 2017).

-Calculation of effective rainfall:

The amount of effective rainfall has been calculated using monthly rainfall statistics and the method
of united states department of agriculture (USDA) by CROPWAT 8.0 software. Finally, to calculate
the water requirement, equation (1) was used by CROPWAT 8.0 software (Ramezani Etedali et al.,
2019).

CWR= 10( ETC - Peff) (1)

where: ET,: is the evapotranspiration in (mm), Peg: is the mean monthly effective rainfall (mm),
and CWR: is the water requirement (cubic meters per hectare).

Results and Discussion

The results showed that the mean monthly minimum and maximum temperature in all months of
the future period will increase in both scenarios compared to the current period. The mean monthly
rainfall in the future period in both scenarios does not have a constant trend compared to the current
period and is various in different months. The amount of potential evapotranspiration in both
scenarios has increased in all periods compared to the current period, which is equal to 2.84 mm.
Also, the water requirement of Rice has increased according to both scenarios in all periods
compared to the current period, which is equal to 6481 cubic meters per hectare. The results of the
prediction mean potential evapotranspiration, effective rainfall and water requirement of Rice crop
under climate change conditions under two scenarios in the time period (2021-2040) and (2041-
2060) and the amount of these parameters in the current period. shows that the rate of potential
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evapotranspiration decreases during these two periods. The amount of effective rainfall also
decreases during these two periods. The water requirement increases in the period (2041-2060)
compared to the period (2021-2040) in both scenarios. The mean water requirement in RCP 2.6
scenario in period (2040-2021) and (2041-2060) is equal to 6582 and 6584 cubic meters per hectare,
and in RCP 8.5 scenario in period (2040-2021) and (2041-2060) it is equal to 6729 and 6730 cubic
meters per hectare, respectively. Therefore, according to both scenarios water requirement has
increased in all time periods compared to the current period, which is equal to 6481 cubic meters per
hectare.

Conclusions

Knowing the growth period, effective rainfall and water requirement for planning agricultural
operations is a significant help in order to optimally use limited water resources. the general results
obtained in this research are as follows:

-Climate change causes an increase in crop water requirement in both climate scenarios in the future
period compared to the current period.

- The increase in water requirement in the distant future period (2041-2060) is higher compared to
the near future time period (2021-2040)

The results of this research show that it will be possible to use the model used in this research to
predict climate change and its effects on the water requirement of crops with good accuracy. The
results of this research can be a useful tool for managers, planners and policymakers of the water
sector in order to properly and sustainably manage water resources in line with the sustainable
development of agriculture. It is suggested that in future research, in order to more accurately
evaluate the changes in the water requirement under the impact of climate change, the output results
of different atmospheric-oceanic general circulation models should be compared.
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Table 1- Mean monthly climate parameters predicted under RCP 2.6 and RCP 8.5 climate scenarios
in 2021-2060 period

Months Mean Monthly Precipitation Mean Monthly Maximum Mean Monthly Minimum
(mm) Temperature (°C) Temperature (°C)
Future Period Current Future Period Current Future Period Current
Period Period Period
RCP RCP RCP RCP RCP RCP
8.5 2.6 8.5 2.6 8.5 2.6
January 69.62  75.01 72.89 1426  14.26 13.56 2.46 2.51 0.99
February 61.76 70.05 67.74 14.66 14.59 13.44 3.54 3.48 1.88
March 76.94  93.37 79.37 19.02  18.58 17.12 6.43 6.18 4.88
April 59.74 68.9 55.39 23.16 22.78 21.07 10.60 10.27 8.28
May 4048  40.13 45.32 28.42  28.32 26.50 1599 1574 14.3
June 32.04 36.69 31.52 32,12 31.93 30.50 2042 20.14 18.71
July 28.09 35.35 31.71 34.65 34.19 32.21 2232 21.95 20.47
August 35.79  37.83 34.52 35,57 35.15 33.24 21.73  21.39 20.28
September  76.39  72.64 82.73 31.74 3172 30.12 19.12 18.85 17.92
October 7288 7441 84.71 26.97 26.92 25.39 1424 14.01 13.09
November 126.75 144.97 129.89 20.32 19.99 19.36 8.54 8.41 6.99
December 100.93 111.13 92.22 15.84 15.6 14.63 4.06 4.07 2.52
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Table 2- Evaluation of model performance using different criteria for the current period

Station parameter MSE  RMSE MAE R? K-S P
Dashte  Minimum Temperature (°C)  0.04 0.20 0.17 0.94 0.50 0.96
Naz Maximum Temperature (°C)  0.10 0.31 0.23 0.98 0.72 0.66
Precipitation (mm) 27.48 5.24 3.35 0.95 1.04 0.22

0393 33 2T 5L 9 Fh0 ok ez 0 8% 9 w5 Ol T J9or
Table 3- Amount of potential evapotranspiration, effective rainfall and water requirement for the
current period

Potentla_ll . Effective Rainfall Water Requirement
Evapotranspiration Year
(mm/Year) (m3/ha)
(mm/Day)
2.72 108.60 6240 1995
2.84 173.60 6817 1996
2.70 175.80 6250 1997
2.82 219.90 6567 1998
2.71 249.00 6373 1999
3.07 175.90 6921 2000
3.07 130.20 6969 2001
2.97 214.20 6626 2002
2.80 227.80 6450 2003
2.86 351.10 6043 2004
2.84 212.50 6475 2005
2.96 74.30 6525 2006
2.88 222.70 6098 2007
2.96 101.60 6602 2008
2.81 204.20 6341 2009
2.93 83.10 6612 2010
2.67 142.40 6116 2011
2.77 166.30 6553 2012
2.74 136.00 6288 2013
2.88 94.80 6684 2014
2.81 162.60 6553 2015
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Table 4- Potential evapotranspiration, effective rainfall and water requirement predicted for the
future period (2021-2040)

Potential Evapotranspiration

Effective Rainfall

Water Requirement

(mm/Day) (mm/Year) (m3/ha)

RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
3.18 3.21 140.40 122.40 6971 7106
3.19 3.21 194.00 170.00 6855 6977
3.12 3.14 189.30 166.50 6630 6755
3.00 3.02 227.10 197.90 6636 6749
3.02 3.04 199.10 176.20 6392 6504
2.99 3.02 210.30 169.80 6580 6697
3.08 3.10 232.10 201.90 6596 6715
3.03 3.05 322.00 285.70 6309 6429
3.09 311 202.00 170.50 6663 6773
3.01 3.03 215.60 183.20 6544 6644
2.98 3.00 167.10 146.70 6458 6643
2.76 2.78 310.30 276.30 6086 6244
2.87 2.89 341.90 291.40 6412 6578
2.84 2.86 288.60 247.40 6312 6473
2.93 2.95 208.20 115.20 6434 6626
2.91 2.93 212.20 182.10 6402 6590
3.17 3.19 264.90 237.40 7008 7215
3.17 3.19 227.80 193.10 6882 7070
3.11 3.14 246.00 216.10 6663 6833
3.04 3.06 225.00 200.70 6822 6966

Year

2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040

(Fe£1-7200) (FT0595 58 (2T 55 9 F0 b o 0 88 9 el Olimo G —0 J9or
Table 5- Potential evapotranspiration, effective rainfall and water requirement predicted for the
future period (2041-2060)

Potential Evapotranspiration

Effective Rainfall

Water Requirement (m3/ha)

(mm/Day) (mm/Year)

RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
3.04 3.07 212.30 189.60 6489 6626
3.04 3.06 159.70 133.30 6785 6931
3.09 3.12 173.30 144.20 6707 6842
3.03 3.06 275.30 235.60 6433 6588
3.09 3.11 219.20 197.40 6690 6826
3.02 3.04 156.90 131.40 6601 6718
2.97 2.99 268.50 226.60 6424 6581
2.76 2.78 247.60 207.70 6175 6311
2.85 2.87 257.20 216.80 6362 6494
2.84 2.86 222.30 187.00 6385 6515
2.91 2.93 199.40 165.60 6382 6542
2.91 2.94 286.30 248.30 6440 6588
3.21 3.23 175.60 152.40 7137 7301
3.17 3.20 251.80 210.20 6916 7067
3.10 3.13 359.50 329.10 6688 6844
3.02 3.04 152.30 137.70 6788 6937
3.01 3.03 242.70 211.40 6437 6582
3.03 3.05 252.80 222.90 6802 6952
3.07 3.09 308.10 255.20 6590 6749
3.05 3.07 173.80 147.30 6461 6614

Year

2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
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Table 6- Mean potential evapotranspiration, mean effective rainfall and mean water requirement
predicted results for the current and future period

Potential Evapotranspiration

Effective Rainfall (mm/Year) Water Requirement (m3/ha)
(mm/Day)
RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5 RCP 2.6 RCP 8.5
N N N N N N N N N N N N
Current § g § g Current § g § g Current § g § g
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Fig.3- Mean effective rainfall under RCP 2.6 and RCP 8.5 climate scenarios
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Introduction

Water pollution, is considered one of the most important challenges of human societies, has
increased in importance day by day due to the limitation of fresh water resources in the world.
The expansion of urbanization, the development of industries, and the expansion of agriculture,
especially inorganic cultivation, are important factors that cause pollution in water sources, and
the increase of these factors has caused changes in the quality of river water (Enrique et al.,
2007). These changes have become a serious threat to humans and natural ecosystems in recent
decades, and therefore the investigation of water quality changes has become one of the most
important subjects in studies (Faryadi et al. 2012) and researches. Due to the direct impact on the
existing ecosystem in the water area and its surrounding environment, the investigation of river
water quality is a sensitive and vital issue that depends on the knowledge of the changes in water
guality along with the identification of the main factors of its pollution (Tahmasebi et al. 2011).
Over the years, modeling has been considered as a useful tool for optimizing water quality, which
is used to check the appropriateness of pollution control policies (Bui et al., 2019) and this issue
has progressed in such a way that today water quality models they are increasingly used to obtain
valuable and effective information for optimal water quality management (Fan et al., 2009).

Study area

Tajan River is one of the most important rivers of Mazandaran province, which originates
from the Alborz mountain and flows from the southwest to the northeast direction and finally
reachs to the Caspian Sea (Figure 1).
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Fig. 1- Research area and location of the hydrometry stations and the sari synoptic station

Methodology

In this research the water quality of Tajan River was evaluated in term of nitrate along with
about 50 km from the upstream (Rigcheshmeh hydrometry station) to the Kordkheyl hydrometry
station in the down stream. Quantitative and qualitative data of the flow path were collected from
the Regional coucil of Water management of Mazandaran and the General Department of
Environmental Protection of Mazandaran. Required meteorological data for qualitative modeling
were also obtained from Sari synoptic station. The statistical summary of quantitative and
qualitative data of hydrometry stations is presented in table (1). The maps of the geometric
sections of the Tajan River (prepared by the Mazandaran Regional Water Company and with a
scale of 1:2000) were transferred to the Arc-GIS 10.8 software and according to the latitudinal
conditions, the changes in the river slope and the vegetation cover of the area were divided into
14 intervals and were transferred to the HEC-RAS software using the HEC-GeoRAS.

The HEC-RAS model was calibrated under steady state condition and according to the
information of hydrometry stations the optimal value of Manning's coefficient of flow path in
Tajan river was determined and the model was validated in the period of 2017-2018. Then, the
final model is extracted in the fourteen executed intervals in order to evaluate the hyrodynamic
characteristics of the river including the depth and flow speed in each of 14 intervals. Then the
Leopold and Maddock (1953) equations (equation 1 and 2) are fitted to the found out
characteristics along with Tajan river and the equations coefficients are determined for the
gualitative modeling of water flow in the QUAL2Kw model.

U=aQ’ 1)
H = cQ¢ 2

Table 1- Average quantitative and qualitative parameters of hydrometry stations

STATION Mean Daily Discharge (m3/s) Mean Density of Nitrate (mg/lit)
Rigcheshm 92 51
eh
Korkheil 3.8 55

Findings
The graph of the qualitative values measured and simulated by the Kval model in the
calibration phase (cultivation season), is shown in Figure (2) and the validation phase (non-
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cultivation season) in Figure (3). In these graphs, measured data with square points and simulated
results are displayed by a continuous graph, which shows the desired calibration and validation of
the model. The results of the statistical comparison of the output values of the QUAL2Kw model
and the corresponding measured data are also presented in Table (2). As can be seen, the values
of NRMSE and (R"2) show a good agreement between the observed data and the simulated
model and also indicate an acceptable degree of accuracy and ability of the qualitative model.

35.0 4
30.0 -+
25.0 +
20.0 -+
15.0 - —— Simulated
10.0 - Observed

Nitrate (mg/l)

5.0

0.0 T T T T 1
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Fig. 2- Nitrate calibrated model results and corresponding measured values in flow path during
cultivation season.
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Fig. 3- Nitrate calibrated model results and corresponding measured values in flow path during
non-cultivation season.

Table 2- Accuracy indices of QUAL2Kw model during calibration and verification

Factor NRMSE R
Calibration (Agricultural season) 0.11 0.971
Verification (Non-agricultural season) 0.053 0.970

Conclusion

1- Combining the output of the HEC-RAS hydraulic model with the QUAL2Kw model leads
to favorable results in the qualitative analysis of the river.

2- Investigating the quality condition of Tajan River showed that in the cultivation season, the
nitrate concentration has increased about 2.8 times more than non-cultivation season, which is
caused by non-point polluting sources.

3- The concentration of nitrate in the river during the growing season in the mouth of the
Caspian sea tends to 50 mg/liter, which is higher than the permissible level for drinking water
and aquatic life’s. Therefore determining a framework to reduce the nitrate load entering to Tajan
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river, focusing on non-point sources of pollution, are necessary in the water ecosystem
management policies of Tajan River.
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Table 1- Average quantitative and qualitative parameters of hydrometric stations

STATION Mean Daily Discharge (m®/s) Mean Density of Nitrate (mg/lit)
Rigcheshmeh 9.2 51
Korkheil 3.8 55

S b T g OlCUs 1 wlidlgd (S glyl fawgio -V Jgu>
Table 2- Average meteorological parameters of Sari synoptic station

Wind

Min Temperature Max Temperature Precipitation Relative
STATION C) °C) (mm) S(&e/‘;j Humidity (%)
Sari 8.8 21.2 792.1 0.55 60.6
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Table 3- Accuracy indices of HEC-RAS model results

STATION NRMSE R?

Rigcheshmeh hydrometry station 1.09 0.972
Korkheil hydrometry station 0.59 0.975




49
AV=VF o VF ¥ Ol Y o)l FY oy

ol oo phe

35.0
30.0 -
25.0 4
20.0 -
15.0 -

Nitrate (mg/l)

10.0 -
5.0

0.0 T T T

—— Simulated
Observed

0 10 20 30

Distance from upstream (km)

40 50

Fig. 7- Nitrate Calibrated model results and corresponding measured values in flow path during
agricultural season

(s fad) miwlg 098 38 ool S il oo § (S mo 31l polan sldgei Y <o

12 4

10 -

oo
1

Nitrate (mg/l)
(o]

Observed
4 - —— Simulated
2 |
0 T T T T 1
0 10 20 30 40 50

Distance from upstream (km)

Fig. 8- Nitrate verified model results and corresponding measured values in flow path during non-
agricultural season

(Culs” pé fd) (miwome 0398 10 oub S il o 9 (5 03Il polio s1og0d —A IS

o § (Fwilg Bl ph e QUALZKW Jow (mwcds sl jasll polio-¢ Jous
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STATION NRMSE R?
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Introduction

The optimal use of water is one of the most important challenges in the agricultural sector. Although
modern irrigation systems increase irrigation efficiency and enhance distribution uniformity of water
in the root zone, the time and depth of irrigation in these systems is considered one of the important
challenges. (Liang et al., 2020; Brar et al., 2022). This research was conducted to assess the effect of
using precise irrigation management (PIM) on the yield and water use efficiency of sweet corn
KSC403.

Materials and Methods

Irrigation treatments included furrow irrigation with farmer irrigation management (SI),
subsurface irrigation with PIM (PSSI), drip-tape irrigation with PIM (PTI) and drip-tape irrigation
with irrigation management based on the national water requirement document (T1). In PSSI and PTI
treatments, the irrigation time was determined before the moisture reached the critical level, and the
amount of irrigation was also calculated based on the lack of soil moisture until the field capacity
was reached. For this purpose, daily monitoring of soil moisture in different depths of soil was done
using Sentek Diviner 2000 moisture meter. The experiment was carried out in the crop year 2019-
2020 in the form of a completely random design in three repetitions inside the lysimeter. In order to
determine the different yields of sweet corn (Biological, Dry cob, Green cob, Biomass, Wet forage,
and Dry forage), three plants were taken from each lysimeter as samples in the harvesting stage.

Results and Discussion

The findings showed that the SI and PSSI treatments had the highest (3678 cubic meters per
hectare) and the lowest (1115 cubic meters per hectare) amount of water consumed during the growth
period, respectively. The PSSI, PTI and TI treatments did not have drain, but 22% of consuming
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water in the Sl treatment was drained. The results showed that the use of the national water
requirement document of plants to estimate the water requirement of corn in the region reveals the
plant to water stress during the growth period so that the amount of water delivered to the Tl is 25%
less than that of the PTI. In general, in precise irrigation treatments (PSSI and PTI) where the amount
of moisture in the root development zone is always within Readily Available Water (RAW), a higher
yield index was obtained than the SI and TI methods, as well as the use of the subsurface irrigation
method due to the placement of the emitter. The distribution of water in the soil improves the
absorption of water and plant nutrients, so that at the probability level of 1%, the highest biological,
dry corn, green corn, biomass, and dry fodder yields were obtained in the PSSI treatment, while the
lowest in TI occurred. According to the results, different irrigation management treatments at the
probability level of 1% on biomass productivity, biological productivity, green cob productivity, dry
cob productivity, wet fodder productivity, and dry fodder productivity has a significant effect
(p<0.01). The results of the mean comparison test show that at the probability level of 1%, biomass
productivity, green cob productivity, dry cob productivity, and fodder productivity between all
irrigation management treatments, except There is a significant difference between PTI and TI. The
findings showed that the highest values of biomass, biological, green corn, dry corn, wet fodder and
dry fodder productivities in PSSI treatment are respectively with values of 124.9, 40.1, 47.8, 13.6,
73.2 and 24.2 Kilograms per cubic meter were obtained, while the lowest values of this productivity
were gotten in the S| treatment.

Conclusions

In general, the use of precise irrigation management to control and regulate soil moisture within
the range of the RAW will improve the yield and water productivity in sweet corn cultivation. The
findings showed that the application of precise irrigation through subsurface irrigation is higher in all
indicators. Irrigation based on the management of the farmer and the national irrigation document has
faced the corn plant with water stress and finally caused the reduction of the evaluation indicators.
This condition is more acute in the case of the national water requirement document in the region.
Therefore, it is necessary to revise this document for Sari region. The findings of this research
emphasize the application and use of modern and intelligent precise irrigation systems because, with
the more appropriate delivery and distribution of water and nutrients, it will increase the yield and
water productivity.
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Table 1- Physical properties of the soil inside the lysimeters

Particle (%)

Volumetric moisture (%)

Soil texture

Sand Clay Silt

FC PWP

Loam 39 19 42

31 9.2

& yop ¥ 9990 S (g lond Dladkio - Joo
Table 2- Chemical properties of the soil inside the lysimeters

ECe H K P N
(mmohs/cm) P (mg/kqg) (mg/kqg) (%)
1.7 7.68 136 6.68 0.16
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Table 3- Amount of water delivered and drainage in different treatments (m3/ha)

PSSI PTI SI TI
Water delivered 1115 1527 3678 1150
Drain 0 0 835 0
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Table 4- ANOVA for the effect of treatments on different yields of sweet corn
S.0.V df  Biological Dry cob Green cob Biomass Wet forage Dry forage

Treatmen

888216245 22714198 675217284 6513724899 1078613992" 557347613"
. . . £ ; "

3

{

Emor 8 20800031 3178148 30499753 161218704 390029105 15824599
Total i 3330249722 169843333 3001643951 24700173210 15716177333 2178430000

ns and **: non-significant and significant at p<0.01, respectively

SoleT Cakizeo Sl sl 55 (SUSS 33 P 7 5ls) oy b D33 3 SKhos (pSlo dwylin —0 Jgur
Table 5- Comparison of average yields of sweet corn (kg/ha) in different irrigation treatments

Treatment Biological Dry cob Green cob Biomass Dry forage
PSSI 44807° 15140.7% 53363° 1392672 27000°
PTI 39115° 12985.2% 495332 119148° 25319°
Sl 25393° 11311.1° 35489° 89141° 14081°
TI 25074° 12629.6° 38133° 81237° 11356"

In each column, different letters indicate a significant difference at the 1 percent probability level.
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Table 6- ANOVA for the effect of different irrigation treatments on water productivity of sweet corn

S.0.V df  Biological Dry cob Green cob Biomass Wet forage Dry forage
Treatment 3 4955%* 565** 6865** 46092** 15579** 1975**

Error 8 18 4 38 169 586 15

Total 11 15452 1817 21820 143672 65485 6390

oy N Jleis] o )3 (g0 gize ((g)d gime pas iy 4y s g NS
ns and **: non-significant and significant at p<0.01, respectively
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Table 7- Comparison of irrigation water productivity (kg/m’) in different irrigation treatments

Treatment Biological Dry cob Green cob Biomass Wet forage Dry forage
PSSI 40.1° 13.6% 47.8° 124.9° 73.2¢ 24.2%
PTI 24.9° 8.2° 315° 75.8° 43.4° 16.1°
S 6.9¢ 3.1° 9.7 24.2° 15.3¢ 3.8¢
TI 21.8° 10.9° 33.1° 70.5° 50.1° 9.4°

b oo o> Y Jleas] e 3 )b e B! Sy ailiie jue By y> «yoim yb )
In each column, different letters indicate a significant difference at the 1 percent probability level.
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Introduction

Gravity currents, also known as density currents, or buoyancy currents, are happened by the
density difference between the flow and its ambient fluid. Gravity current happen in geophysical
environments. One of the most important types of these streams that occur in large-scale nature is
density flow (Middleton 1993). These flows are happen due to gravity and its effect on the density
gradient. When the gravity current arrived to ambient fluid, in the position that density of both
gravity current and ambient fluid is equal the gravity current abandon the bed and flows in ambient
fluid horizontally (He et al, 2016). Some examples of gravity currents found in nature katabatic
winds thunderstorms, dust storms (haboobs), turbidity currents running down the continental shelf,
and advancing cold fronts (Thompson, 1986). Examples of gravity currents found in industrial
processes are the spread of heavy gases and also ventilation systems that utilize buoyancy to drive
horizontal flows along the ceiling and floor (Samothrakis and cotel, 2006). Other examples of gravity
currents that are encountered in nature include snow avalanches (Hopfinger and Tochon-Danguy,
1977) and pyroclastic flows (Valentine, 1987). There are also examples of man-made gravity
currents with industrial applications. Such an example is the instantaneous release of a dense gas in a
less dense environment, after the failure of a containment tank (Baines, 2001). Simpson (1997) has
detailed descriptions of these and other examples of gravity currents and also provides an overview
of the research performed on the subject

In dams reserve ambient fluid, usually has a vertical stratification. Therefore, the density current
into this reservoirs may flow as interflow. In this study, the density current was investigated in
ambient stratification fluid. For Experimental Investigation of velocity profile in interflow density
current at stratification ambient, experiments were performed by 4 discharge 1, 1.5, 2 and 2.5 liters
per second, and 4 concentrations 5, 10, 15 and 20 grams per liters on the bed slope 2.5, 3.25 and 4
percent. Stratification of ambient fluid was carried out by mixture water and salt with a deep
concentration gradient. To create density flow silica particles with an average diameter of 8 microns
was used.
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Methodology

The experiments are performed in an 8.8 meter long flume, 70 cm high and 35 cm wide. At
different levels and in the floor at the end of the flume, the pipes were installed for discharge. A gate
was installed at 80 cm from the beginning of the flume. To provide ambient fluid, first, the salt water
tank was filled up of water and then salt added to the reservoir. Its density was measured after
complete mixing. Flume was filled of ambient fluid in several times. After measure the density of
ambient fluid gravity current was flow to ambient fluid. In this station the concentration and velocity
profile was measured. The velocity was recorded by the DOP2000 velocity meter. The measurements
were performed on the central line of the flume and in 7 sections and at different intervals of the
entrance.

Parameters
In this work, we consider of velocity profile in interflow density current. For the series of
experiments performed in this study the Reynolds number is less than 2000 is defined as equation

2):

Uh 1
Re = — (1)
v

Where U and h are the characteristic velocity and height of the body of the gravity current v is the
kinematic viscosity of water.

The densimetric Froude number F,; is calculated from the average velocity U, thickness h and
reduced gravity g’ of the gravity current, as follows equation (2):

g U @
e v g'hcos(8)
Where g' = £ ;pw g, and p is the density excess of the gravity current at each position. Because

we know the gravity current velocity profile u(z) and its density excess profile p(z) we can calculate
the average thickness h equation (4), velocity U equation (3), and reduced gravity g’ equation (5) as
in Turner (1973).

fooo u(z)%dz 3
B fooou(z)dz
,_ Uy w@dz)’ )
S w(2)dz
.9 Jy bp(Du(2)dz )

pw [ u(2)dz
Equation (6) is the Richardson number based on the characteristics of the gravity current

"hcos(0
pi = 9 frcos(6)

= (6)
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All parameters introduced before.

Results and Discussen

Study the velocity profile show the first, density current is underflow and due to high density
difference between density current and ambient water the velocity of density current increase. In this
state increase the discharge make the current body thickness and major velocity. When the density
current separated from the bed and driven to ambient water horizontally, the velocity of density
current decreases. In the next state density current formed as interflow and with the lower velocity
than before state. Because mixing at upper and lower interface was happened.

Increasing of concentration increase maximum velocity profile. At concentration of 5 grams per
liter, because the density differences between density current and the ambient fluid is low, the density
current at this section is separated from the bed and is driven in the ambient fluid, so the form of the
velocity profile in this concentration is different from other profiles.

Since there are several stratification with different densities and density current intrude between
them, the Richardson number can be defined in three different ways depending on the definition of
Ap. The first one, Ri(C_T), is defined by the density difference between the current and top layer
fluids. This definition of Ri number determines the velocity and height of the body of the gravity
current. The second one, Ri(B_C), is defined by the density difference between the current and
bottom layer fluids. After the separation, the gravity current encounters the bottom layer fluid and
their density difference is taken into account through Ri(B_C). Finally the third one,Ri(B_T), is
defined by the density difference between the bottom and top layer fluids. This definition of
Ri number represents the relative strength of the interface.

Conclusions

Experimental results were presented that examined the velocity profile in interflow density
current, the results of this study are follow as:
At a constant concentration, with increasing discharge, the thickness and current velocity increase.
As the current flows, velocity decreases at higher discharge than the lower ones.
In a constant discharge with increasing concentration the maximum velocity increased.
As the discharge or concentration increases, the Richardson number decreases.
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Table 1- The distance of the velocity measurement probes from the inflow gate

Prob’s number 1

3 4 5 6 7

The distance of the
(cm) gate

95 185 275 385 480 550 620
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Table 2- The range of densimetric Froude number and Reynolds number

F.p Re

Max Min Max

Entrance (under the inflow gate)
In the whole of the flume

0.26 2695 6738
1.6 1669 11395
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Table 3- Experimental run characteristic

Test series for 2.5% slope

Test series for 3.25% slope

Test series for 4% slope

mm i s mm i N mm ;
U ol ™D Rl oy v Rl ol g R
Q1C5 6.5 1004.16 2750 1.09 4.13 1002.67 28.00 146 493 1003.17 32.64 424
Q15C5 474 1003.6 36.85 142 429 100278 41.12 134 463 100299 4241 3.44
Q2C5 3.76 1002.45 4359 1.03 4.65 1003 43.18 3.7 3.88 100252 45.33 2.95
Q25C5 426 1002.76 51.87 0.83 4.23 1002.74 45.37 3.02 450 100291 49.7 2.86
Q1C10 8.95 1005.69 38.05 2.63 6.79 1004.34 3891 125 7.40 1004.12 39.06 1.91
Q15C10 10.27 1006.52 4476 127 9.05 1005.76 5291 129 821 1005.29 45.45 0.93
Q2C10 8.57 100546 52.08 0.88 9.31 100592 60.24 128 7.96 1005.08 48.45 3.23
Q25C10 956 1006.08 6196 0.95 8.78 100558 62.50 193 8.78 100558 56.24 1.08
Q1C15 12.8 1008.01 39.15 154 1456 1009.21 52.36 0.94 11.46 1007.27 448 3.04
Q1.5C15 12.45 100788 56.75 1.13 13.73 1008.68 50.92 3.87 13.33 1008.43 53.19 1.56
Q2C15 13.03 1008.24 5945 0.88 13.30 1008.42 62.50 1.3 12.60 101042 55.56 0.79
Q25C15 13.01 1008.24 69.96 1.11 13.14 1008.31 72.46 1.26 11.69 1009.67 57.47 15
Q1C20 1951 1012.3 4405 1.17 16.41 101036 46.90 5.72 13.33 1011.02 53.25 3.29
Q15C20 16.6 1010.29 63.13 054 17.73 1011.19 71.43 1.28 14.74 101219 58.89 1.12
Q2C20 20.71 101306 77.76 0.48 1849 1011.66 7255 0.64 15.70 101299 5214 0.87
Q2.5C20 1891 101193 86.81 0.72 1543 1009.75 52.58 2.15 16.88 101396 73.75 4.85
400 Probel Probe2 Probe3 Probe4 Probe5 Probe6 Probe?7
300 Q \
] N S
T
S A S

. (]
0 100 200 300X(mm) 400 500 600

Fig. 4-Interflow’s velocity profiles
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Table 4- Percentage of deceleration between probes

Test series for 2.5% slope Test series for 3.25% slope Test series for 4% slope
Test U,—-Uy U, = U, U, - Uy U; - U, U,— Uy U; - U,
) (Fg) C)r e o) Ca)ro Co) Ca):

Q1C5 180 42.69 3.17 244 35.56 11.39 300 1.88 11.40
Q15C5 267 48.28 32.8 192 37.19 13.95 193 3.64 2.08
Q2C5 192  30.94 12 216 6.11 12 205 2.19 39.13
Q2.5C5 144 3354 15.39 202 7.43 6.87 157 16.21 1.21
Q1C10 232 49.04 32.34 203 45.42 14.68 225 52.62 31.22
Q15C10 167 52.44 8.27 155 41.88 29.30 153 0.71 34.14
Q2C10 139 50.78 10.94 120 2.3 20.67 176 13.82 14.05
Q2.5C10 112 40.39 39.81 119 19.77 23.31 133 28.89 29.81
Q1Ci15 215 57.93 33.18 131 3.72 34.46 187 31.70 25.8
Q1.5C15 131 44.76 23.06 221 35.37 4.73 144 25.72 30.8
Q2C15 111 44.99 38.45 108 18.47 25.12 117 17.07 15.29
Q2.5C15 108 40.53 26.21 103 14.10 28.23 127 47.57 1.35
Q1C20 178 58.11 5.04 217 36.80 7.73 190 47.42 33.11
Q1.5C20 106 49.42 43.36 98 28.18 56.85 119 93.42 15.70
Q2C20 91 49.34 39.58 101 47.08 60.89 146 55.60 1.18

Q2.5C20 88  43.98 35.63 151 56.04 13.84 96 24.54 2.08
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