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Objective: The objective of this study is to develop a machine learning model for
simulating the nitrate concentration. Simulating and predicting nitrate concentration has
always been one of the most important issues in the field of water resources management.

Method: In this research, after collecting the data, the nitrate concentration data are first
clustered using the JNB, then, an SVR model is used for each cluster. The SFFS algorithm
is used to select the input variables for the model simultaneously with the training process
of this model, then, based on the results of these three models, the average value of the
error indices for the training stage (RMSE = 0.2387, MAE = 0.2236, R?>=0.9874) and test
(RMSE = 0.2474, MAE = 0.2350, R?>=0.9841) are calculated. In this case, the trial and
error procedure is used for this work. In the next step, the HHO algorithm is used to
determine the optimal value of the parameters of the kernel functions. In this case, the
values of R2, MAE and RMSE for the training phase are 0.9961, 0.1169, and 0.1502,
respectively, and their values for the test phase are 0.9845, 0.1308, and 0.9978,
respectively.

Results: Based on the results of this study, firstly, the use of HHO to predict nitrate
concentration can significantly increase the accuracy of the SVR model, secondly, the use
of different machine learning models together can play an effective role in increasing the
accuracy of regression models such as SVR. The results of this study show that the use of
data clustering before developing machine learning models can improve the accuracy of
nitrate concentration prediction. The HHO-SVR hybrid model has performed better in
different clusters with proper selection of kernel function and has provided optimal
results. Also, this study emphasizes that the different statistical characteristics of each
cluster have a significant effect on the performance of the models. Therefore, to more
accurately predict nitrate concentration in groundwater, it is recommended to first cluster
the data and then develop a specific model for each cluster.

Conclusions: The results of this study show that the use of data clustering before
developing machine learning models can improve the accuracy of nitrate concentration
prediction. The HHO-SVR hybrid model has performed better in different clusters with
proper selection of kernel function and has provided optimal results. Also, this study
emphasizes that the different statistical characteristics of each cluster have a significant
effect on the performance of the models. Therefore, to more accurately predict nitrate
concentration in groundwater, it is recommended to first cluster the data and then develop
a specific model for each cluster.
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Introduction

Nitrate is one of the contaminants which can pollute groundwater in different ways. So, we
always try to use accurate methods to simulate and predict its concentration. The objective of
this study is to develop a machine learning model for simulating the nitrate concentration.

Method

In this research, the SVM model is used for simulating the nitrate concentration and Harris
Hawks optimization (HHO) algorithm to determine the parameters of the kernel function of the
SVR model. The linear kernel, RBF, sigmoid and polynomial kernel functions are used to
develop the SVR model. The data used in this study include 1453 water samples (from 2000 to
2020) for each of which the physical and chemical parameters are measured. After performing
the necessary pre-processing including identifying outlier data and correcting incomplete
information to avoid biasing the model, all data are normalized between zero and one. First, all
the data are divided into three clusters using the JNB algorithm, then, a HHO-SVR mode is
developed for each cluster. Based on the results of this study, the HHO-SVR model has the best
performance for the first, second and third clusters with the PK, RBF, and SK kernel functions,
respectively. Based on the results of this study, due to the differences in the results of the HHO-
SVR model in different clusters, it is better to cluster the nitrate data before developing the HH-
SVR model and then develop a model for each cluster because the samples belonging to each
cluster have different statistical characteristics.

Results

Simulating and predicting nitrate concentration has always been one of the most important
issues in the field of water resources management. In this research, after collecting the data, the
nitrate concentration data are first clustered using the INB, then, an SVR model is used for each
cluster. The SFFS algorithm is used to select the input variables for the model simultaneously
with the training process of this model, then, based on the results of these three models, the
average value of the error indices for the training stage (RMSE = 0.2387, MAE = 0.2236,
R2=0.9874) and test (RMSE = 0.2474, MAE = 0.2350, R?=0.9841) are calculated. In this case,
the trial and error procedure is used for this work. In the next step, the HHO algorithm is used
to determine the optimal value of the parameters of the kernel functions. In this case, the values
of R?, MAE and RMSE for the training phase are 0.9961, 0.1169, and 0.1502, respectively, and
their values for the test phase are 0.9845, 0.1308, 0.9978, respectively. Based on the results of
this study, firstly, the use of HHO to predict nitrate concentration can significantly increase the
accuracy of the SVR model, secondly, the use of different machine learning models together
can play an effective role in increasing the accuracy of regression models such as SVR.

Conclusions

The results of this study show that the use of data clustering before developing machine
learning models can improve the accuracy of nitrate concentration prediction. The HHO-SVR
hybrid model has performed better in different clusters with proper selection of kernel function
and has provided optimal results. Also, this study emphasizes that the different statistical
characteristics of each cluster have a significant effect on the performance of the models.
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Therefore, to more accurately predict nitrate concentration in groundwater, it is
recommended to first cluster the data and then develop a specific model for each cluster.
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Variable Unit Mean StDev CoefVar | Minimum Maximum
Na mg/L 26.65 13.91 46.46 1.81 51.50
Ca mg/L 56.48 19.71 33.15 21.63 91.42
Mn mg/L 0.13 0.03 0.61 0.12 0.13
K mg/L 5.33 3.02 47.65 0.66 10.91
Fe mg/L 0.209 0.00 0.28 0.20 0.21
Al mg/L 0.11 0.00 0.40 0.11 0.11

F mg/L 9.19 4.00 40.52 2.60 15.80
Cl mg/L 19.58 10.93 49.73 0.88 38.34
SO4 mg/L 66.39 36.67 52.57 0.95 132.06
CO3 mg/L 1.49 0.78 51.48 0.50 2.46
HCO3 mg/L 230.36 69.71 27.53 107.88 352.80
PO4 mg/L 243 0.73 27.75 1.51 3.35
NO2 mg/L 1.59 0.81 51.07 0.58 2.62
Br mg/L 0.01 0.00 17.34 0.042 0.07
CO2 mg/L 11.15 5.46 48.99 2.15 20.18
WT! c’ 21.27 4.87 2291 12.80 29.59
AT? c’ 25.00 6.65 26.61 13.5 36.39
pH - 6.59 0.04 0.68 6.50 6.67
Alkalinity mg/L 256.50 76.61 29.87 120.06 394.31
TH? mg/L 339.99 148.41 42.34 84.18 596.75
TDS mg/L 291.65 65.34 18.55 166.81 416.62
EC umohs/cm| 636.68 139.25 19.90 395.26 878.08
NO3 mg/L 11.48 1.43 12.51 7.63 13.97

Turbidity NTU 0.80 0.20 23.98 0.43 1.16

Mg mg/L 26.59 11.19 38.29 7.16 45.92

Cowd g 53900 dls po 13 C1-S-SVRIE Jso ob 3, s pad bl mls. € Jous

Training Testing
RMSE | MAE WI EVS KGE R? RMSE MAE WI EVS KGE R?
0.2423 | 0.2389 | 0.9954 | 0.9720 | 0.9781 | 0.9814 | 0.2534 | 0.2407 | 0.9924 | 0.9656 | 0.9744 | 0.9823
Cowd g 3900 dls po 13 C1-S-SVRTE Jite (sl yiol )b dinge ,laiie .0 Jgua
Model Parameter Value
SFFS Best input Combination EC, pH ,TDS, HCO3, SO4
Kernel Function SK
SVR C 0.00894
B 0.05913
Cund g (hjgel da o 43 Cp — S — SVRYfig Jbo (b5l s pad o gl 1 Jgas
Training Testing
RMSE | MAE WI EVS KGE R? RMSE MAE WI EVS KGE R?
0.1489 | 0.1187 | 0.9977 | 0.9926 | 0.9956 | 0.9969 | 0.1304 | 0.0747 | 0.9984 | 0.9967 | 0.9974 | 0.9983

1. Water temperature
2. Air temperature
3. Total hardness
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Model Parameter Value
SFFS Best input combination EC, pH, TDS, HCO3, SO4

HHO Number of search agents 100
Maximum number of iterations 1000
Kernel Function SK

SVR C 0.02691

B 0.5061

- 81

|
:
%

[

1
r=0LFFIFc- 0323

e
PredictedNitrate (mgT
E F B

‘a

ol

=1

0 10 150 200 250 300 350 400 B i} 1= 14
Samples Measured Nitrate (mg/l)

s CBIE b 81 3900 dls po 43 C1-S-SVRTE Jie 3,Shas £ JSu5

15 k=023
14
14
@ 13 e
i inay
g 12 S
g N I V v E 5 = 990Gy + D4RG
gll Ell . ¥ =9906x -
54
§ 10 % 10
2 5
e i
iz,
8 s
.
o 10 20 30 40 50 60 70 80 =] 100 110 8 10 12 14
Samples Measured Nitrate (mgh
Ol i SIS St b (82 Comd dls o 13 C1-S-SVRTY Juo 3 ,Sos .0 S5
15 s
 Observation 14 [F=0s980
< oy SK
et i ‘ — S SVRego
g 12 H ! ! | | =13
= ‘ | ) ‘ . E}
12| \‘ | | s s
| | | % -
= I > ¢
] 1f I ' A ¥=L0017x-0.1231
10 ' It Z10
= | 3z
] | 2
: | ;
8
8
5
0 50 100 130 200 250 300 330 400 8 9 10 11 12 13 14
Samples Measured Nitrate (mg 1)

Ol i Sl i b (819 o900 Al 30 43 C1-S-SVR0 Jo 3,5hes T JSWS



VFoF Y oyleuls O c)jé‘gf‘jjjc)@)dw}&ﬁd&d)jw \Y

15 — :
— Ohservation J l-iIR =0.9983
- | —C,-55VRSK
T | A, R i %) I
Eol ) s -
= | [V vy f l ‘ l N
s1 I \ | I RIAN IR . %
E vy i | I / !l L \ : h
N ! ? | ‘ | E . ¥=10.9933x -0.0347
g { :
=
S 30
: g
s i
z
: 3
7
0 10 0 30 40 50 60 0 a0 20 100 110 8 10 12 14
Smples Measured Nitrate (mg/T)

Ol ke g e 81y Cund dls yo 43 C1-S-SVR{fio Jo 3,Ses Y JSS

pgd dwg> .Y

ol laie bodly o pd Y ] gl ddgd p (slaosly (gilwdnds Mgy dnd (Cg) pgd adigs (slaosly (63lwdunds X,
Il 55 adgs ol (gl canl o 031y LS (A) Jgdo )0 a8 Cunl YYIVAY adigs cpl o ol clale lawgio g ditus ddg>
3kt psite SK )5 el b Jae ol bl ol ol 2 o4 o) ilisin 5 el b SVRggp Joe sSlac
adn il iomed Cosl 015 451 gl (4) Ui 3 45 (Co-S-SVREE  )o,I5 1) adigs ol sloosls cons 5 j3jsel Al po
olys clale gilwand (olp b yusio oo EC, pH, TDS, HCO3, CI u*’)&"i ,\J)s L olojed SFFS s syl
(A) 5 (A) o S5 13 cppioman o ooy (lis Co-S-SVREET Jae cslagiolyly (Vo) Jsis 55 it adgs ) 5
L)"‘ LS‘)-.’ SVRHHO J..\.o ReY) A.lb-)o BRIPRE Ao uLw\.’ 1) J..\.n L)"‘ )‘ J..ol:- u"l"’) S 9 LS' odnliv L;Uao.\b u"l"’) S
SVRHHO JAA HHO SVR JAA aliseo J.v)f &y dLm).m])l.: Lg)l.w Ao )1 Juol> CJLJ u.ulml 2 A oaly dxwgd M9>
O abgd cpl Cws g hjeel dsge ol cdale Glwaus «lp 1y 3,Sdee cpygee RBF S &b L
ol Galises gl el )y (VY) Jsas 5 iloss sols Lis (V) Ui 53 Jbo ol dnwss jl Jols b (C2-S-SVRRHO
ol o3> L 1y Jao cpl 5l Juols oloj (gymg (gl odaline (slaodly Juols Sloj (spmw (V) 5 (V) sl JSS 30 9 oo
Oy 1y Calus o i EC & cous Cl-S-SVR%({O Jae slen Jse ol ol 3JUT 51 Jols zols wlol p col

D)1y Cawles p 5 oS TDS4 cons Lol
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Y anigd 13 Jamo (5B puio g diamly soiio (5 k0] (S S 519 A Sy
Variable Unit Mean StDev CoefVar | Minimum Maximum
Na mg/L 29.99 16.28 54.31 2.44 57.78
Ca mg/L 59.55 21.62 36.30 22.60 95.98
Mn mg/L 0.10 0.00 0.58 0.099 0.101
K mg/L 6.36 3.59 56.44 0.80 12.86
Fe mg/L 0.21 0.00 0.29 0.20 0.21
Al mg/L 0.12 0.00 0.44 0.12 0.13
F mg/L 9.90 4.31 43.53 2.80 16.98
Cl mg/L 22.00 12.38 56.28 0.99 43.00
SO4 mg/L 70.16 40.20 57.30 1.00 139.00
CO3 mg/L 1.5 0.81 53.15 0.52 2.55
HCO3 mg/L 253.55 70.21 27.69 120.77 389.35
PO4 mg/L 2.68 0.81 30.53 1.66 3.69
NO2 mg/L 1.36 0.69 51.13 0.49 2.22
Br mg/L 0.06 0.01 19.46 0.04 0.08
CO2 mg/L 11.19 5.49 49.12 2.15 20.19
WT c’ 21.24 4.89 23.04 12.85 29.71
AT c’ 25.00 6.632 26.53 13.60 36.41
pH - 7.33 0.05 0.79 7.23 7.42
Alkalinity mg/L 257.04 76.08 29.60 120.32 394.48
TH mg/L 350.15 130.62 37.30 60.76 637.84
TDS mg/L 352.77 93.19 26.42 202.40 503.24
EC umohs/cm| 699.74 355.61 50.82 261.8 1138.90
NO3 mg/L 22.28 4.48 20.11 13.85 32
Turbidity NTU 0.85 0.22 26.21 0.47 1.28
Mg mg/L 29.23 12.39 42.40 8.23 50.60
Cowd g y0jg0] dls po 13 Cp-S-SVRTE' Juo bl sasli gl & Jous
Training Testing
RMSE | MAE WI EVS KGE R? RMSE MAE WI EVS KGE R?
0.2547 | 0.2476 | 0.9904 | 0.9633 | 0.9679 | 0.9816 | 0.2608 | 0.2488 | 0.9884 | 0.9625 | 0.9657 | 0.9801
Cowd g y9j90] dls po ;3 C-S-SVRIEF Juo (51 piol )b diugs jladie .Y+ Jooo
Model Parameter Value
SFFS Best input Comb?nation EC, pH, TDS, HCO3, Cl
Kernel Function RBF
a 0.04196
SVR c 3
Cond 9 05900 dls po 43 Co-S-SVREHO Jdo b)) s pasls s )Y Joas
Training Testing
RMSE | MAE WI EVS KGE R? RMSE MAE WI EVS KGE R?
0.1698 | 0.2476 | 0.1303 | 0.9951 | 0.9924 | 0.9942 | 0.1585 | 0.1299 | 0.9959 | 0.9917 | 0.9940 | 0.9955
Cond 9 05900 Al yo 45 Co-S-SVRERH Jo (g1 yiol )b dingey jladie VY Jguo
Model Parameter Value
SFFS Best input combination EC, pH, TDS, HCO3, Cl
HHO N.umber of search z?gent§ 100
Maximum number of iterations 1000
Kernel Function RBF
SVR a 0.07004
C 4
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odls loj sy (VW) 5 (V) cslo S 53 cppioman (C3-S-SVRIE) wloas 03l Lis Jio ol cilisen ol el )y
031y dawgs adgd pl gl SVRypo isu Bl dls e ;5 loais edly lis Jae ol bawgs 0is (gjlwdnss o gl onlie
31y 38bes 52t (C3-S-SVRiifio) aivgs ol slp PK S b b SVRumo s Jmols gl gl s
03> s Jde ol ciliste (ol ol )b (V) Jodor p sl o ool i (V0) Jodo )3 48 35 cus g g0l dls yo
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Variable Unit Mean StDev | CoefVar | Minimum Maximum
Na mg/L 27.90 14.58 48.62 1.93 53.56
Ca mg/L 57.09 19.70 33.14 21.85 92.63
Mn mg/L 0.09 0.00 3.47 0.02 0.10
K mg/L 6.13 345 54.07 0.78 12.42
Fe mg/L 0.20 0.00 0.27 0.20 0.211
Al mg/L 0.10 0.00 0.41 0.10 0.11

F mg/L 8.89 3.88 39.37 2.52 15.28
Cl mg/L 20.46 11.52 52.40 0.92 39.99
S04 mg/L 62.30 35.63 50.90 0.89 123.71
CO3 mg/L 1.40 0.73 48.32 0.47 2.32
HCO3 mg/L 238.44 75.88 29.92 111.39 364.25
PO4 mg/L 2.53 0.76 28.99 1.57 3.51
NO2 mg/L 2.07 1.06 51.10 0.75 3.40
Br mg/L 0.05 0.00 17.34 0.03 0.07
CO2 mg/L 11.17 5.45 48.85 2.15 20.19
WT c 21.29 4.94 23.22 12.82 29.70
AT c’ 25.01 6.64 26.58 13.56 36.43
pH - 7.17 0.04 0.76 7.08 7.27
Alkalinity mg/L 256.49 82.64 32.22 119.87 391.85
TH mg/L 315.58 155.99 44.48 55.74 575.80
TDS mg/L 334.61 77.94 22.13 191.46 478.42
EC umohs/cm| 698.20 | 564.10 80.80 21.18 1377.29
NO3 mg/L 44.11 8.53 19.34 33.58 70.50

Turbidity NTU 0.80 0.21 26.00 0.44 1.21

Mg mg/L 27.77 11.76 40.24 7.44 48.04
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Training Testing
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Objective: The purpose of this study was to comprehensively review the studies
conducted on surface water and groundwater resources modeling using SWAT,
MODFLOW, and SWAT-MODFLOW models and analyze their limitations and
capabilities.

Method: The research team was built by publishing an online environment among
colleagues. The project was described in the online environment and the work steps were
explained. The sample of articles included 235 articles from SID, Magiran, Scopus and
ScinceDirect databases with keywords "SWAT", "MODFLOW", "SWAT-MODFLOW"
until 1403. The titles of the articles, abstracts and, if necessary, parts of the articles were
studied in order to answer the main question of the study, which is to investigate the
limitations and capabilities of surface water and groundwater resource modeling.

Results: Investigations have shown that the uncertainty in determining recharge
parameter will have a significant effect on the results of the simulation of the underground
water flow and the estimation of the water balance components. Various methods and
models have been used to determine the amount of groundwater recharge caused by deep
infiltration and irrigation return flows, such as SWAT, WATLAC, HEC HMS,
HYDRUS, MOBIDIC, etc. These models are often used in combination with the
MODFLOW groundwater model to increase the accuracy in the simulation of the
groundwater level and the effectiveness of different scenarios of combined extraction
from surface and groundwater sources on the components of the water balance. In general,
the studies have shown that the SWAT model is a comprehensive surface water simulation
model for estimating recharge and evapotranspiration at the watershed scale; So that the
effect of recharge values obtained from SWAT model as one of the most important input
components of groundwater models in the simulation of water level and groundwater
balance components using MODFLOW model as a comprehensive and integrated model
of surface water and groundwater resources (SWAT-MODFLOW) has been approved in
most studies. In total, the results of the research show that SWAT-MODFLOW integrated
model can be used as a practical tool in explaining the appropriate exploitation pattern of
integrated surface and underground water resources under the influence of different
management scenarios.

Conclusions: This study provides an in-depth understanding of the use of surface water
and groundwater models to researchers and managers, so that they can use the best tools
based on available data and tools, and appropriate to the objectives of the studies. The use
of these models can be used as a guide for the optimal and sustainable allocation of surface
water and groundwater resources in competitive and highly fragile basins.
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Introduction

The requirement for planning and managing water resources, especially in critical situations,
is a comprehensive understanding of its ambiguous and complex situation. Obviously, the
requirement of this knowledge is to have a tool that does not have a general and brief view of
these conditions, so that it can take into account all the ongoing processes in the surface and
subsurface systems. The components of the surface water and groundwater balance must be
determined with proper accuracy. Considering the expansion of numerical models over the past
two decades, there is still a lack of comprehensive models for integrated management of surface
water and groundwater resources. Especially, the connection of surface water and ground water
models; So not only do the results of the surface water models affect the inputs of the
groundwater system, but also consider the effect of the groundwater system in the unsaturated
zone and especially the root development zone. On the other hand, in recent decades, supplying
the required water from groundwater sources has led to the development of management
strategies for exploiting surface water and groundwater resources. These models can be used to
optimize water consumption according to the pattern of supplying irrigation needs of
agricultural lands from consolidated sources

Method

Many studies of SWAT, MODFLOW, and combined SWAT-MODFLOW models have been
used in small or large watersheds to estimate water balance components (runoff, recharge,
exchange rate, and interaction between surface water and groundwater resources). In this study,
a comprehensive review of the use of these models has been done so that the capabilities and
limitations of each model have been explained and finally summarized. This work is an effort
of Iranian researchers. The research team was built organically by circulating an open invitation
for coauthors among colleagues. The invitation described the project, explained the online work
environment, listed requirements for coauthorship, and generally followed recommendations
for conducting an open, online paper. The sample of papers included 235 articles from the SID,
Magiran, Scopus, and ScienceDirect databases with the keywords SWAT, MODFLOW, and
SWAT-MODFLOW up through 2024.

Results

Surveys show that groundwater models such as MODFLOW have been accepted as a standard
groundwater flow simulation model; however, in this model, the amounts of recharge caused
by rainfall and return flows of irrigation water are defined, as one of the most important input
components of groundwater models, as a percentage of rainfall and total irrigation water.
Investigations have shown that the uncertainty in determining this parameter will have a
significant effect on the results of the simulation of the underground water flow and the
estimation of the water balance components. Various methods and models have been used to
determine the amount of groundwater recharge due to deep percolation and irrigation return
flows. These models are often used in combination with the MODFLOW groundwater model
to increase the accuracy in the simulation of the groundwater level and the effectiveness of
different scenarios of combined extraction from surface water and groundwater sources on the
components of the water balance. Investigations have shown that the SWAT model is a
comprehensive surface water simulation model for estimating recharge and evapotranspiration
at the watershed scale (Aloui et al., 2023). Therefore, the effect of recharge values obtained
from the SWAT model as one of the most important input components of groundwater models
in the simulation of water table and groundwater balance components using the MODFLOW
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model as a comprehensive and integrated model of surface water and groundwater
resources has been confirmed in most studies. In other studies, other models of simulating
surface runoff, recharge and groundwater were used with the approach of simulating and
optimizing the hydrological components of the catchment basin, and finally evaluating the state
of combined exploitation of surfacewater and groundwater resources. The effect of water saving
solutions and climate changes, in most of them the MODFLOW model has been used, on the
groundwater level and water balance components have been investigated.

Conclusions
The use of comprehensive and integrated models of surface and underground water resources

such as SWAT-MODFLOW can be a good tool in examining the water balance components
and evaluating the implementation of different management and exploitation scenarios; But due
to the large volume of information in modeling, the data must have sufficient temporal and
spatial distribution and they must have proper accuracy. Because the uncertainty in the use of
the data will be effective in achieving the desired results and estimating the components of the
water balance. Overall, these models can be used as a guide for optimal allocation and a
practical tool in explaining the pattern of sustainable and appropriate exploitation of
consolidated surface water and groundwater resources under the influence of different
management scenarios in competitive and very fragile basins. This study provides an in-depth
understanding of the use of surface water and groundwater models to researchers and managers,
so that they can use the best tools based on available data and tools, and appropriate to the
objectives of the studies
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Objective: This study aimed to accurately estimate the water requirement of elephant
grass (Pennisetum purpureum Schumach.) and determine its crop coefficients at different
growth stages over two agricultural years (2021 and 2022) using lysimetric condition
under field condition.

Method: Nine drainage lysimeters were used to measure actual evapotranspiration (ETc).
Reference crop evapotranspiration (ETo) was calculated using the Penman-Monteith
equation and meteorological data. Crop coefficients (Kc) were determined at four
different growth stages: initial, development, mid-season, and late-season.

Results:The results showed that the two-year average for reference crop
evapotranspiration and actual evapotranspiration during the growing season were 1092.08
mm and 1435.57 mm, respectively. The crop coefficient was calculated as the ratio of
actual evapotranspiration to reference evapotranspiration throughout the growth period.
The average single crop coefficients for the different growth stages were 0.91, 1.23, 1.54,
and 1.05 for the initial, development, mid-season and late-season stages, respectively. The
estimation of crop coefficients revealed that the highest Kc value occurred during the
mid-season stage, while the lowest values were recorded during the initial and late-season

stages.

Conclusions: This information can be utilized for irrigation planning and optimizing
water management for elephant grass cultivation. The findings of this study assist farmers
and water resources managers in adjusting irrigation patterns, reducing water
consumption, and enhancing water use efficiency.
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Introduction

Optimal water resources management is one of the major challenges in arid and semi-arid
regions. Given that more than 90% of renewable water resources in Iran are consumed in the
agricultural sector, low irrigation efficiency has led to significant water loss. Elephant grass
(Pennisetum purpureum Schumach.), as a valuable forage crop, plays a crucial role in providing
livestock feed and enhancing agricultural productivity. However, sufficient information on its
water requirements and crop coefficients in Iran and globally is not available. The objective of
this study is to estimate the water requirement and crop coefficients of elephant grass under
lysimetric conditions over two agricultural years (2021 and 2022). This study aims to accurately
estimate the evapotranspiration of elephant grass and determine its crop coefficients at different
growth stages. The findings of this research can contribute to irrigation planning, optimizing
water consumption, and improving forage yield.

Method

The experiments were conducted at the Lysimetric Research Station of the Faculty of
Agriculture and Natural Resources, Razi University, Kermanshah. A total of 9 drainage
lysimeters with a diameter of 1.2 meters and a depth of 1.4 meters were used to measure actual
evapotranspiration (ETc) and determine crop coefficients (Kc). Reference evapotranspiration
(ETo ) was calculated using the Penman-Monteith equation and meteorological data. The values
of actual evapotranspiration (ETc) were measured based on the soil water balance approach in
the lysimeters, and crop coefficients (Kc ) were determined for four different growth stages.

Results

The two-year average reference evapotranspiration (ETo) and actual evapotranspiration
(ETc) for elephant grass were 1092.08 mm and 1435.57 mm, respectively. The average single
crop coefficient (Kc) for different growth stages was as follows: Initial stage: 0.91,
Development stage: 1.23, Mid-season stage: 1.54 and Late-season stage: 1.05. The results
indicated that the Kc value peaked during the mid-season stage and was lowest during the initial
and late-season stages. Additionally, variations in reference evapotranspiration and actual
evapotranspiration throughout the growing season demonstrated that the water requirement of
elephant grass increases with leaf expansion and biomass growth.

Conclusions
The estimation of crop coefficients and water requirements of elephant grass in this study

demonstrated that precise irrigation planning and improved water resource management can
optimize water consumption. The findings of this research can be useful in designing efficient
irrigation systems and enhancing agricultural water productivity in arid and semi-arid regions.
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Objective: The objective of this study was to examine the energy consumption patterns
in the production of irrigated wheat and alfalfa in the downstream lands of the Soural
Reservoir Dam in Kurdistan Province. The study also aimed to analyze key energy
indicators such as energy ratio, specific energy, and energy productivity based on the type
of irrigation systems and input usage.

Method: In this study, 37 farms with a total area of 76 hectares were selected. The farms
were categorized into systems 1 and 2 for wheat cultivation, and systems 3 and 4 for
alfalfa. Systems 1 and 3 were equipped with surface irrigation systems, while systems 2
and 4 utilized fixed classic sprinkler irrigation systems with movable sprinklers, all
operating under gravity-fed water sources. Data on total input consumption were
collected through questionnaires administered to farmers in the region during the 2020—
2021 cropping season.

Results: The results indicated that in wheat cultivation systems, the highest energy
consumption was associated with chemical fertilizers, especially nitrogen fertilizers. In
alfalfa systems, irrigation water in system 3 and chemical fertilizers in system 4 were the
dominant energy-consuming inputs. The total energy inputs for systems 1 to 4 were
29733.16,46347.05, 52054.7, and 39147.48 MJ/ha, respectively, while the corresponding
output energies were 66,450, 96,000, 189,600, and 229,100 MJ/ha. The calculated energy
ratios were 2.32, 2.07, 3.64, and 5.85, and the specific energy values were 6.32, 6.81,
3.25, and 2.69 MJ/kg, respectively. Energy productivity was measured at 0.12, 0.10, 0.29,
and 0.37 kg/MJ for the four systems, respectively.

Conclusion: The findings revealed that high nitrogen fertilizer uses in wheat farms and
excessive water consumption in alfalfa farms significantly increased energy input levels.
Moreover, delays in water release to farmers were identified as a major challenge in
irrigation management in the area. To enhance energy productivity and reduce
environmental impacts, it is recommended to educate farmers on efficient energy and
resource management practices.
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Introduction

Increasing energy productivity in the agricultural sector is one of the key issues in sustainable
natural resource management and reducing production costs. The high consumption of
agricultural inputs, particularly chemical fertilizers and irrigation water, has a direct impact on
the amount of energy input in production systems. In this context, comparing energy
productivity in different irrigation systems can play a significant role in optimizing energy
consumption and improving water resource management. This study aims to examine the
energy consumption patterns in irrigated wheat and alfalfa production in the downstream lands
of the Soural Reservoir Dam in Kurdistan Province and compare the energy productivity of
surface and sprinkler irrigation systems.

Method

This field study was conducted on 37 farms covering a total area of 76 hectares in the
downstream lands of the Soural Dam. The studied farms were categorized into four groups
based on crop type and irrigation system:

v Systems 1 and 2: Wheat farms equipped with surface and fixed-classic sprinkler
irrigation systems with movable sprinklers, utilizing gravitational energy.

v' Systems 3 and 4: Alfalfa farms equipped with surface and fixed-classic sprinkler
irrigation systems with similar energy supply characteristics.

The required data, including the amount of input (consumed) and output (produced) energy
in each system, were collected through in-person questionnaires from farmers during the 2019—
2020 cropping season. To enhance data accuracy, information regarding water consumption
and other inputs was verified and refined through consultations with relevant organizations such
as the Kurdistan Regional Water Authority and agricultural experts. Energy indices, including
total input and output energy, energy ratio, specific energy, and energy productivity, were
calculated.

Results

The results of this study indicated that the consumption of chemical fertilizers, particularly
nitrogen, in wheat farms and irrigation water in alfalfa farms had the greatest impact on
increasing energy input. The total input and output energy for different systems were calculated
as follows:

v Wheat: System 1 (29,733.16 MJ/ha input, 66,450 MJ/ha output) and System 2
(46,347.05 MJ/ha input, 96,000 MJ/ha output).

v' Alfalfa: System 3 (52,054.70 MJ/ha input, 189,600 MJ/ha output) and System 4
(39,147.48 MJ/ha input, 229,100 MJ/ha output).

The energy ratios in the studied systems were calculated as 2.32, 2.07, 3.64, and 5.85,
respectively. Additionally, the specific energy and energy productivity indices were estimated
as 6.32, 6.81, 3.27, and 2.69 MJ/kg and 0.12, 0.10, 0.29, and 0.37 kg/MJ, respectively.

An analysis of these indices revealed that in wheat farms, energy productivity was higher in
System 1 than in System 2, due to farmers' belief that increasing nitrogen fertilizer use would
enhance yield. However, the grain yield of wheat in System 2 was approximately 1.40 times
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higher than in System 1. on alfalfa farms, System 4 had higher energy productivity than
System 3, primarily due to the significantly higher water consumption in System 3, which was
2.4 times that of System 4. One of the major challenges in irrigation management in this region
was the delay in water release to farmers, which led to reduced productivity and increased
resource wastage. This issue underscores the importance of implementing educational programs
and optimizing energy consumption.

Conclusions
Based on the findings of this study, crop type and irrigation system have a significant impact

on energy consumption and efficiency. In wheat farms, optimizing fertilizer input can lead to
reduced energy input and improved system efficiency. on alfalfa farms, water management
plays a crucial role in enhancing energy productivity. Additionally, implementing educational
programs for farmers on energy and resource management can have a significant impact on
improving efficiency and reducing environmental effects. Therefore, it is recommended that
policymakers and agricultural planners emphasize modern water management techniques and
agricultural input optimization to improve energy productivity and ensure the sustainability of
agricultural production in the region.
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Objective: In this study, a two-dimensional numerical model is presented to simulate the
flow in open channels. The governing equations of the flow are depth-averaged Navier-
Stokes equations, which are separated and solved using the finite volume method and the
time-splitting scheme. One of the advantages of the time-splitting method is the ability to
solve the different terms of the equations separately using the best numerical scheme.
Another advantage of this method is its simplicity and ease of understanding, because in
all stages the equations are solved in one dimension.

Method: Generating the mesh is one of the most important initial operations for solving
the governing equations. in this research, a regular rectangular grid was used. The water
level variable was defined at the center of the cell and the velocity and discharge were
defined at the boundaries of each cell. In order to solve the governing equations of the
flow in this model, each time step is divided into several stages. Initially, the advection
terms of the equation of motion were solved based on the Fromm scheme and its output
was considered for the diffusion term. The diffusion term in the momentum equation was
solved implicitly using the TDMA algorithm. Then, the friction term in the flow equation
was separated and solved explicitly, and then the water level was calculated by
simultaneously solving the continuity equation and the remaining terms of the momentum
equations.

Results: In order to verify the validity of the two-dimensional model, The longitudinal
profile of gradually varying flow in a rectangular channel, hydraulic jump, sudden
channel opening, and asymmetric dam failure were considered for evaluating the model.
The output results of the numerical model show that the developed model is capable of
simulating the flow for different conditions with appropriate accuracy.

Conclusions: The time splitting algorithms with staggered grid approach are used to
handle the coupling of water depth and velocity parameter. In this case, water level
variable was defined at the center of the cell and the velocity and discharge were defined
at the boundaries of each cell. The proposed model has been tested in several experimental
cases of flow. The simulated water depth and velocity in time and space are in good
agreement with the measured data.
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Introduction

Simulation of water flow in canals and rivers has been the subject of many researches in the
field of hydraulics and river engineering. The use of two-dimensional numerical modeling can
be considered as an option for predicting the performance of hydraulic designs of the structure.
Because of the complexity of the turbulent flows with free water surface, the numerical
simulation of flow in open channels is very challenging. Its advancement can be attributed to
many successful numerical techniques developed in the field of computational fluid dynamics.
Among these techniques, the staggered grid approach has been widely adopted to solve the
Navier—Stokes equations. In this study, a two-dimensional numerical model using the finite
volume method and the time-splitting scheme is presented to simulate flow in open channels.
One of the advantages of the time-splitting method is the ability to discrete and solve the
different terms of the equations separately using the best numerical scheme. Another
advantage of this method is its simplicity and ease of understanding, because in all stages the
equations are solved in one dimension.

Method

Generating the mesh is one of the most important initial operations for solving the governing
equations. Therefore, in this research, a regular rectangular grid with dimensions dx and dy
was used according to Fig (1). The water level variable was defined at the center of the cell
and the velocity and discharge were defined at the boundaries of each cell.
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Figure 1. Grid used to separate the governing equations of the flow

In this research, the time-splitting method is used to separate the different components of the
equations. In this method, each time step is divided into several stages. In the first step, the
advection terms of the momentum equation in the x and y directions are solved to calculate the
fluxes (p, q), and then the diffusion terms in both directions are separated and solved. It should
be noted that in solving the diffusion terms, the output results of the first stage are used. Then
the friction term is separated from the momentum equation in an explicit manner. In the next
step, the continuity equation and the remainder of the momentum equation, i.e., the
gravitational term, are simultaneously separated and solved. One of the advantages of the time-
splitting method is the possibility of solving the different terms of the equations separately
using the best numerical scheme. Another advantage of this method is its simplicity and ease
of understanding, because in all stages the equations are solved in one dimension.

Results

In order to verify the validity of the two-dimensional model, various tests, whose solutions
are available in the form of theory or laboratory measurements, were used. The longitudinal
profile of gradually varying flow in a rectangular channel, hydraulic jump, sudden channel
opening, and asymmetric dam failure are the tests considered for evaluating the model. As an
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example, the water surface profile 7.5 seconds after the dam failure 1s simulated by the model
and is shown in Fig (2).

(un)y

X(m)
Figure 2. Simulated water surface profile 7.5 seconds after dam failure

Comparison of the numerical model output results with experimental data and analytical
solution shows that the developed model is capable of simulating flow for different conditions.

Conclusions

The proposed model adopts the finite volume method on a rectangular grid to solve the depth-
averaged 2D equations of unsteady open-channel flow. The time splitting algorithms with
staggered grid approach are used to handle the coupling of water depth and velocity parameter.
In this case, water level variable was defined at the center of the cell and the velocity and
discharge were defined at the boundaries of each cell. The proposed model has been tested in
several experimental cases of flow. The simulated water depth and velocity in time and space
are in good agreement with the measured data.
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Accepted 18 April 2025 Ilam Province has a special topographic situation with uneven precipitation distribution
Available online 22 June 2025 due to its location at different latitudes. In this study, after collecting data, the average
number of months of rainfall for each of the studied stations for a certain period is

Method: In this study, the long-term precipitation of Ilam city over a 44-year period

obtained. A machine learning model is used for prediction. In the first step, the observed

Keywords: data are normalized and the best normalization coefficients are obtained for this study.

machine learning, Approximately 70% of the observed data are used to train the artificial intelligence
models and the remaining 30% are used to test them. Subsequently, the optimal number

long-term rainfall,
of hidden layer neurons along with the best activation function of the ORELM model are

Tlam city, selected by implementing a trial and error process. In this study, the regularization
ORELM, parameter of the ORELM model is also optimized. Also, using the autocorrelation
activation function. function (ACF), the effective lags of time series data are identified and using them,

fourteen WORELM models are developed.

Results: According to the simulation results, the correlation coefficient (R) values for the
ELM and ORELM models are obtained as 0.618 and 0.952, respectively. While the NSC
values for ELM and ORELM are estimated as -1.137 and -1.138, respectively. In other
words, the ORELM model shows more accuracy compared to the ELM model. In
addition, the ORELM hybrid learning machine model is identified as the best model for
simulating precipitation values in [lam city.

Conclusions: The results of the ORELM hybrid model were compared with the ELM
and ORELM artificial intelligence models, which showed that the ORELM hybrid model
performed better.
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Introduction

Precipitation is the most important hydrological phenomenon, the increase or decrease of which
during different periods can cause noticeable changes in the ecosystem of the region and
population change. In recent years, due to climate change, the amount of precipitation in
different regions of Iran has undergone significant changes. Therefore, estimating and modeling
precipitation in this arid and semi-arid country is of great importance. The great importance of
precipitation has led climatologists to seek methods to express the characteristics of
precipitation. In this study, we seek to predict long-term precipitation in Ilam city using artificial
intelligence algorithms.

Method

In this study, the long-term precipitation of Ilam city over a 44-year period from 1980 to 2024
in simulated by a hybrid machine learning model.

Ilam Province has a special topographic situation with uneven precipitation distribution due to
its location at different latitudes. In this study, after collecting data, the average number of
months of rainfall for each of the studied stations for a certain period is obtained. A machine
learning model is used for prediction. In the first step, the observed data are normalized and the
best normalization coefficients are obtained for this study. Approximately 70% of the observed
data are used to train the artificial intelligence models and the remaining 30% are used to test
them. Subsequently, the optimal number of hidden layer neurons along with the best activation
function of the ORELM model are selected by implementing a trial and error process. In this
study, the regularization parameter of the ORELM model is also optimized. Also, using the
autocorrelation function (ACF), the effective lags of time series data are identified and using
them, fourteen WORELM models are developed.

Extreme Learning Machine (ELM)

The ELM is an easy-to-implement machine learning algorithm. It is designed to overcome
the weaknesses of traditional learning methods such as training-based algorithms based on
exchange-oriented models. The algorithm consists of three layers: input, hidden, and output.
The ELM is a learning method for training an artificial neural network (ANN) that randomly
generates input weights (w) and bias (b).

Outlier Robust Extreme Learning Machine (ORELM)

In the precipitation modeling, peak values are of considerable importance and, given that the
number of peak points is less than other points, they are known as outliers. In fact, outliers
comprise a very small percentage of the training samples and generally the focus of modeling
using the ELM will be on other samples.

Results

In this section of the present study, the performances of the extreme learning machine (ELM)
and outlier robust extreme learning machine (ORELM) models are compared. The results of
the comparison of the calculated statistical indices for the ELM and ORELM models are
depicted in Figure 1.
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Figure 1. Comparison between the performance of different machine models such as ELM and ORELM for
estimating precipitation.

According to the simulation results, the correlation coefficient (R) values for the ELM and
ORELM models are obtained as 0.618 and 0.952, respectively. While the NSC values for ELM
and ORELM are estimated as -1.137 and -1.138, respectively.

The comparison between the performance of different machine learning models such as ELM
and ORELM for estimating precipitation values can be seen in Figure 1.

Based on the modeling results, the combined models display better performance compared to
simple models. In other words, the ORELM model shows more accuracy compared to the ELM
model. In addition, the ORELM hybrid learning machine model is identified as the best model
for simulating precipitation values in Ilam city.

Conclusions

In this study, a hybrid learning machine model was developed to simulate long-term
precipitation values of Ilam city over a long-term period of 44 years from 1980 to 2024. To
define the artificial intelligence model, the ELM model and the outlier robust extreme learning
machine (ORELM) were combined. Initially, the time series data were divided into two groups:
training (70%) and test (30). Subsequently, the observed data were normalized. This
normalization was performed to facilitate the simulation of rainfall values by the artificial
intelligence model. The examination of different activation functions showed that tribas was
the best activation function for simulating precipitation values of Ilam city by this hybrid
learning machine. ORELM 9 model was introduced as the superior model and the VAF, R and
NSC values for it were 157.93, 0.965 and 0.925, respectively. Also, lags number (t-1), (t-2), (t-
3) and (t-10) were identified as the most effective lags of the precipitation time series data of
Ilam city. Finally, the results of the ORELM hybrid model were compared with the ELM and
ORELM artificial intelligence models, which showed that the ORELM hybrid model performed
better.
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