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Introduction

Due to climate change, one of the limiting factors of crop production is environmental stress which, by
disrupting the natural metabolism of the plant, limit plant growth and finally reduce crop production. Drought stress
causes the greatest reduction in crop productivity compared to other environmental stresses. Therefore, the use of
methods to reduce water consumption in agriculture is more important due to the lack of freshwater resources.
Increasing water use efficiency and maintaining plant yield by reducing water consumption has a particular
importance for crop production and should be paid special attention. Drought stress reduces photosynthesis,
stomatal conductance, biomass, growth and consequently plant yield. The effects of drought stress on the yield of
plants such as potatoes (Solanum tuberosum L.), wheat (Triticum aestivum L.), rice (Oryza sativa L.) etc., which
play an important role in the nutrition and food of the world, has a great importance. Achieving the desired soil
moisture range is one of the most important approaches to increase water use efficiency and not significantly
reduce yield. For this goal, a factorial experiment was conducted in a completely randomized design with five
replications in the research greenhouse of Ferdowsi University of Mashhad.

Materials and Methods

Factors studied in this experiment included three levels of irrigation 1- full irrigation (100% of field capacity),
2- medium drought stress (70% of field capacity), 3- partial root-zone drying (70% of field capacity), time of
induction of water stress (two weeks after planting and 50% at flowering time) and two levels of phosphate
(CaH4[Po4]2 H20) fertilizer (based on soil analysis (25 mg.kg™') and adding 25% more than recommended (31
mg.kg™)) at the beginning of the period phosphate was mixed with soil inside the pot in greenhouse condition.
Fontane potato cultivar was used in this study. In irrigation treatments, one part of the pots was stressed two weeks
after planting and the second part of the pots were fully irrigated until the beginning of flowering and irrigation
treatments were applied at 50% flowering stage. From the prepared samples, membrane stability index, osmotic
potential, and relative water content were measured in the laboratory and at the end of experiment, plant height,
tuber weight, biomass and plant water use efficiency were measured. Minitab 18 software was used to analyze the
data.

Results and Discussion

The results showed that with increasing phosphate fertilizer from 25 mg.kg?* to 31 mg.kg?, plant biomass
increased significantly and in all treatments biomass increased between 2 to 28% . Partial root-zone drying
treatment showed a 17.4% increase in biomass. In the medium drought stress treatment, the total growth period and
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phosphorus level of 31 mg.kg?, the lowest water use efficiency was observed, and there was no significant
difference in the medium drought stress treatment of the total growth period and the phosphorus level of 25 mg.kg-
L. Partial root-zone drying treatment of roots from flowering time and 31 mg.kg-1 P, with full irrigation treatment
25 mg.kg-1 P have the same water use efficiency, but the performance of this treatment compared to full irrigation
treatment was reduced by 28%. Water use efficiency in partial root-zone drying (intermittent irrigation) has
increased compared to traditional irrigation, which indicates a more optimum use of water in the medium drought
stress method. Full irrigation treatment had the highest tuber weight per plant and partial root-zone drying during
the growing season treatment had the lowest tuber weight per plant (65%) compared to full irrigation. The partial
root-zone drying treatment after flowering, ranked second after full irrigation treatment, for tuber weight per plant
and more tuber weight per plant compared to other drought treatments. Using 31 mg.kg™ phosphate, tuber weight
per plant in full irrigation treatment reached 332 g.plant™® which increased by 13% and was significantly different
from all treatments. With increasing phosphate level from 25 mg.kg™ to 31 mg.kg?, in the partial root-zone drying
treatment from flowering time, tuber weight per plant increased by 28% to 207 g.plant™. Tuber weight per plant in
other drought treatments decreased with increasing phosphate level from 25 mg.kg™ to 31 mg.kg™, although this
decrease was not statistically significant.

Conclusion

Compared to deficit irrigated methods, partial root-zone drying from the beginning of growth and full
irrigation has the ability to use available nitrogen at the end of the growing season and has more greenery than
other drought treatments. This effect probably explains the filling of the gland tubers at the end of the growing
season and thus the keeping of yieldyield production. The best methods for saving water consumption and
maintaining the yield, the partial root-zone drying methods is better than the medium drought stress method.
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Table 1- Physico-chemical characteristics of the soil used in the test
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osmotic potential of potato at different growth stages
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Table 3- Effect of irrigation and phosphate fertilizer treatments at different growth stages on relative water content,
membrane stability index and osmotic potential in potato

Relative water content

Membrane stability index Osmotic potential

o gi o Slgime slig gll ad s & rowl Janni Uiy
Stages Irrlgatlpn (%) (%) (MPa)
Al 5o Sl Triple superphosphate (mg.Kg?)
i 7 Sl g
25 31 25 31 25 31
Control 71.9% 77.0? 4422 30.7° 1.40 1.4bc
Flowering . J)‘S .
. Deficit irrigation; 69.2° 67.9° 31.0° 37.6% 1.4b¢ 1.3¢
25 )
Yeoll o8
Partial root drying 1 66.6° 69.2° 42.42 32.5° 1.6 1.5%®
Vady) S 008 Sis
Control 72.02 74.52 34.32 17.9¢ 1.4¢ 1.4¢
Jsss
Deficit irrigation 1 69.8% 67.7% 23.7b¢ 21.6¢ 1.6 1.6
21 days after flowering _\_‘5_)L"J;I ”5_
_ . . Deficit irrigation 2 67.28 57.1¢ 16.3¢ 18.0°¢ 2.02 2.12
@5 e 57 :
Yeoslel o8
Partial root drying 1 66.6%¢ 65.73°¢ 20.2¢ 18.2°¢ 1.7° 1.7°
Vady (S 005 S
Partial root drying 2 60.2% 70.52 20.0¢ 30.7° 2.0 1.7°
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty
one days after flowering were indicated by the number 2.
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Table 4- Effect of deficit irrigation and partial root zone drying on, plant height, biomass, tuber weight and water use
efficiency of potato at different growth stages

Stages Irrigation Plant height Biomass  Tuber weight Water use efficiency
al> 50 &) G ) edgiCum) 8 (39 o dpan )8
(cm) (g.plant?) (g.plant?)
Control 67.162 - - -
Flowering - ‘J’Mg .
e Deficit irrigation 1 58.39° - - -
o \d)la%i r‘S

Partial root drying 1 58.90° - - -
Vady) (S 005 S

Control 67.28 14.62 3112 5.392
Jas
Deficit irrigation 1 58.4° 9.90° 145¢ 5.01%
21 days after flowering ) \_‘5_)[")'.] "5.
. . Deficit irrigation 2 66.72 10.60° 156b¢ 3.46°
25 e 9, YN ;
"d)lﬁ' r‘S
Partial root drying 1 57.7° 9.73b 1224 4.84%
Vady) (S (05 Sdis
Partial root drying 2 71.42 13.72 178P 4,57°
Vi o S

s b wud Jles! ay 090 chinl 5l as” olajlaws o 5)la (g I pixe gles [0S b oy iy Jlosin ] prlans )0 oS pidio By SO Bl ()b slo 1 Siles ¢ygiw 2
L4 00l LS ¥ sae b wad Jles! 2al 5l Gy 5y S g 45T olaylas g )
In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty
one days after flowering were indicated by the number 2.
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Table 5- Effect of phosphate fertilizer on plant height, biomass, tuber weight and water use efficiency potato leaves at
different growth stages

Plant height Biomass Tuber weight  Water use efficiency
W gl 8395 Camn 3 o3& (39 <l dpas 2,8
Stages (cm) (g.plant?) (g.plantt)
A 4o Triple superphosphate (mg.Kg?)
Ju 55 Sl g
25 31 25 31 25 31 25 31
Flowering 59.43* 63532 - - - - - -
Pty
21 days after flowering 61.71° 675 10.8° 12.6* 175* 1892 4,582 4,742

2 3l ey 59, Y
Wl a6 b (o) pme ol oy guy Jlein] e 50 oSy By S Blas gl ola (1 Sihe «io 2y
In each treat means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.
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Table 6- Effect of irrigation and phosphate fertilizer treatments at different growth stages on plant height, biomass, tuber
weight and water use efficiency in potato

Plant height Biomass Tuber weight Water use efficiency
oS gl 8395 Cannet 23€ (39 <l dpao 2,
Stages Irrigation (cm) (g.plant?) (g.plant?)
als 0 3] Triple superphosphate (mg.Kg?)
iy Slind g
25 31 25 31 25 31 25 31
Control 64.3%  70.0° - - - - - -
Flowering . “J’“f .
oS Deficit |rr]gat|on1 56.2¢ 60.6% - - - - - -
Yokl oS
Partial root drying 1 57.8  60.0% - - - - - -
Vady) S o35 Suis
Control 64.3¢¢  70.0%¢ 12.3¢ 17.12 2890 3322 4.82b¢ 5.972
Jss
Deficit irrigation 1 56.2 60.0°f 10.2% 9.6° 147% 143¢% 5.41% 463
21 days after Vool o8
flowering Deficit irrigation 2 62.0¢1  71.5% 9.7¢  116%  165¢ 147% 360t 3.34¢
25l g 59 T Yokl oS
Partial root drying 1 55.4 60.0¢f 9.7¢ 9.8° 129¢ 116¢ 4.82b¢ 4.87b
Vady) i (oS Sl
Partial oot drying. 674> 7540 124° 150°  148d°  207°  4.25% 4.89"

Vady) Gz 028 Suis
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In each column means followed by the same letters are not significantly different (p<0.05), at 5% probability level based on LSD.

Treatments that were applied from the beginning of the growth period with the number 1 and the treatments that were applied twenty
one days after flowering were indicated by the number 2
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Introduction

Showing the rivers as a one-dimensional problem has simplified or eliminated many processes affecting
salinity transfer in the river. Storage processes are one of the factors affecting water quality in rivers. Generally,
as a substantial factor, the limitation of observational data confines the use of two-dimensional and three-
dimensional models, leading to the use of more widely employed one-dimensional models. Most existing
computer models are developed based on the Advection-Dispersion Equation (ADE) and do not consider the
storage zone. For this purpose, Modified Advection-Dispersion Equation (MADE) is proposed to consider the
stagnant area by defining effective velocity and dispersion coefficient. In this study, a solution has been
proposed to apply the effect of the Stagnant zone in water quality simulation in one-dimensional models. The
river simulation is closer to the natural conditions. In this model, to prove the improvement of the proposed
method, the average stagnant zone fraction expressed as the fraction of the average cross-sectional area of the
river (n) and employed in a one-dimensional model through the definition of the effective velocity and the
dispersion coefficient. This model is considered representative of the one-dimensional models developed only by
the Advection /Dispersion relation, and the proposed method was investigated for the Arvand River.
Observational data along the river were used to calibrate and validate the model.

Materials and Methods

Since the available and well-known one-dimensional computer programs are generally developed based on
the 1D Advection-Dispersion model, they do not consider factors affecting salinity transport such as topography
and river morphology heterogeneities known as storage areas. In such a way, these processes are not expressed
by presenting the problem as a one-dimensional equation. In this research, in order to increase the accuracy of
the simulation with well-known and available one-dimensional models a corrective solution is proposed. To
compare the proposed modified method and the base ADE, at the first, the tidal and transboundary arvand river
is modeled as a study area, which is a well-mixed river. The river's upstream and downstream boundary
conditions were defined according to the available data in 2014. Manning's roughness parameters ranged from
0.017 to 0.033, and the dispersion coefficient was 285 m3/s according to previous studies. In order to apply the
effect of stagnant areas in the modified equations, it is essential to determine the value of n for the river. This
study uses three parameters of dispersion factor (a), dispersion exponent (b), and n by ant colony algorithm with
the definition of 5 initial ants and 100 repetitions in Sehan station in the study area, Arvand river was optimized.
The values of the estimated parameters are respectively n = 0.168, a = 273.4, b = 0.94. Therefore, in the
modified model, corrections were made using the speed and effective dispersion coefficient as the modified
Advection - Dispersion (MADE) method and considering variable dispersion coefficient depending on the flow's
speed in the one-dimensional model. These changes were validated in the other two stations (Faw and Dweeb.(
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Results and Discussion

Based on this study results, increasing the parameter n caused the peak of the time series to rise and the
river's travel time to decrease. The shortening of the water travel time in the river, although increases the
dispersion coefficient due to the influence of the stagnant zone, the effect of this parameter on the time series of
the simulated concentration is reduced. Like the observational data, the slope of falling and rising limbs is
increased. By comparing the one-dimensional model in the two cases of using the effective dispersion coefficient
and velocity and without it, the increase in accuracy in the simulation was determined at Sehan station - 123 km
from the river formation site - after optimizing the coefficients with three statistical errors parameters. In
addition, these changes at two other stations along the river with distances of 180 and 150 km from the river's
source confirm this accuracy. For instance, the simulated and measured concentration in 12 months of the year
by applying the optimized coefficients reaches the correlation coefficient (r) of 0.86 to 0.97 at a distance of 150
km from the upstream, and the root means square error (RMSE) improves 1.27 ppt. The remaining difference in
the concentration estimation may be caused by the effect of other parameters or even the entry of agricultural
runoff from the lands along the river.

Conclusion

Accurate estimation and simulation of concentration in river engineering have always been one of the
environmental challenges. This research aimed to improve water quality simulation using one-dimensional
model in well-mixed rivers. In order to increase the accuracy of the modeling and become closer to the actual
conditions, correction factors such as considering the dead zones along the river have been suggested. Analysis
showed that, on average, 16% of the surface of the Arvand River's cross-sections are stagnant areas, and the
dispersion coefficient depends on the river's speed. These areas include bed dunes and meanderings of the river.
The point that attracts attention is the tidal irrigation channels on the sides of the river. The results showed that in
Sehan, Dweeb, and Faw stations, the root means square error decreases to 1.78, 1.27, and 0.84, respectively.
Therefore, the modified 1D model estimated the concentration (in this study salinity) closer to the measurement
data. In Dweeb and Sehan stations, the effect of dead zones such as river meandering is evident. Still, in Faw
station, no significant improvement in the impact of stagnant zones was observed due to its proximity to the river
mouth. The results of this research can be used for higher accuracy in one-dimensional water quality simulations
and bringing the models closer to the natural conditions in rivers.

Keywords: Advection-Dispersion equation, Ant colony optimization, Arvand river, Stagnant zone
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Figure 1- Sketch showing Stagnant zones (a) plan view and (b) sectional view
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Figure 2- Study area and location of Arvand river
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Figure 3- Monthly rate of discharge in the upstream of the Arvand River in 2014
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Figure 7- Time series of salinity concentration for different months at Dweeb station
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Introduction

The rise in water demand and reduction of water quality and soil in irrigating areas, especially in dry and
semi-arid areas of the world, have turned into one of the most crucial challenges for water and soil engineering
in recent years. This issue leads us toward optimal quantitative and qualitative management of these valuable
resources aimed at achieving economic performance and water productivity. The periodic evaporation and
transpiration of the plant in the conditions of simultaneous water and salinity stress are known as one of the most
important factors in the qualitative and quantitative growth of the plant yield. Applying mathematical models
that simulate the relationship between field variables and yield can be seen as a useful tool in water and soil
management issues in such a situation, which has the potential to ensure optimal use of the water and soil
resources of any country by providing the plant's water needs and preventing its further loss.

Materials and Methods

A factorial experiment was performed in 2019 based on completely randomized blocks design with three
replications in plots with an area of 9 square meters at the agricultural and animal husbandry farm of Aliabad
Fashafuyeh, located in Qom province to examine the simultaneous effect of different levels of water stress and
salinity on the periodic evaporation-transpiration and fresh yield of the single cross 704 forage corn cultivar. The
applied treatments included the irrigation water salinity at three electrical conductivity levels of 1.8 (So), 5.2 (S1),
and 8.6 (S2) deci Siemens/meter (dS/m), which were prepared by mixing saline well water of the region with
fresh (drinking) water and three water stress levels of 100% (Wo), 75% (W1), and 50% (W) of the plant's water
requirement. The depth of soil moisture in the corn plant root zone was measured by the TDR device at five
depths of 7.5, 12, 20, 40, and 60 cm during different growth stages of the plant using pairs of 7.5, 12, and 20 cm
stainless steel electrodes.

Results and Discussion

The simultaneous water and salinity stresses, which led to the reduced amount of periodic evaporation-
transpiration of the yield compared to ideal conditions (without stress), were simulated by additive and
multiplicative models. The results suggested a decrease in the evaporation and transpiration with the increased
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simultaneous water and salinity stresses so that the amount of total evaporation-transpiration in different
treatments was measured to be between 692.7 and 344.9 mm and the fresh yield was estimated between 50.4 and
3.2 tons per hectare. Also, the highest amount of periodic evaporation and transpiration in all treatments was
found to occur in the development and intermediate stages, and the relative fresh yield in the WS to W>)S;
treatments was calculated between 66% and 100%. The results of modeling the relative yield of the crop based
on the amounts of relative evaporation and transpiration of corn in different growth stages and under the
different treatments of water stress and salinity, indicated that Singh's additive model and Rao's multiplicative
model were appropriate, while the Minhas model was recognized to be inappropriate in this estimation.
Conclusion

The research results suggested the significant impact of water stress and salinity at least at the 95% level on
evaporation and transpiration and the corn yield. Moreover, the effect of the sensitivity of different growth stages
of the plant on the reduction of evaporation and transpiration of corn varies so that in the three treatment groups
W, W1, and Wy, the highest average decrease in slope was related to the final stage (13.6%) followed by the
middle stage with an average decrease of 8.4% compared to the control treatment. Therefore, the highest
decrease rate in evaporation-transpiration slope has been observed in these two growth stages due to the
beginning of flowering, fruit formation, and physiological ripening of seeds. These results come from the lack of
sufficient water storage and increased salinity of irrigation water in the soil. Water stresses and salinity will
reduce water absorption and evaporation-transpiration, and ultimately, reduce crop production due to the
decreased amount and potential of water in the soil. Another finding to be mentioned is the priority of water
stress compared to salinity stress in reducing evaporation and transpiration and production yield. Also, by
managing water and salinity stresses in the critical stages of plant growth (especially the middle stage), which is
the time of flowering and the beginning and completion of the maize production process, a significant reduction
in the crop can be somewhat prevented.

Keywords: Experimental models, Relative evaporation-transpiration, Relative performance, Simultaneous
stress, TDR
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Table 1- Some physicochemical properties of the soil at experiment site
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0-20 8.67 7.86 14.18 0.61 627.8 5.65 197.30 29.8 147 Loam
20-40 7.96 7.88 12.35 0.58 582.0 5.38 181.37 28.5 151 Loam
40-60 8.42 794 1311 0.53 561.2 4.93 168.02 35.6 18.4 Clay loam
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3- Readily Available Water
4- Field Capacity
5- Permanent Wilting Point
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1- Statistical Analysis System
2- Time Domain Reflectometry
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1- Statistical Package for the Social Sciences
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1- Maximum Error

2- Root Mean Square Error

3- Coefficient of Determination
4- Adjusted CD

5- Modeling Efficiency

6- Coefficient of Residual Mass
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Figure 1- Absolute and relative evapotranspiration studied in the present study
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Table 2- Analysis of variance of water, salinity and their simultaneity stresses on the studied traits (2020)
Sl o (b
Mean squares
Ol osd gte bl ey By 9 45 Fo8des
SDV D¢ Evaporation and transpiration (mm) Wet yield (ton.hec?)
ol dl> ye dagi dlyo Sledsyp Sl
Initial stage Development stage Middle stage  Final stage
S5k 2 13.81" 1.06"s 19.61™ 2.20ns 0.47"
Block
o O 2 51.79" 32508.98™ 30087.48"  11506.96™ 290.21™
Water stress
95 A5 2 0/80" 176.65™ 567.76™  563.45™ 39.11"
Salinity stress
A 0.06"™ 4.807 7.32" 8.13"s 5.01"
Ws x Ss
> 16 2.47 1.92 1.38 5.03 0.12
Error
O 2 pS ~ 0.77 0.99 0.99 0.99 0.99
R-Square
PG IV TR
s e B 3.08 0.84 0.63 1.97 0.83
CV

Jopd B o) slad maw )3 (g bxe (gD ize pis Ay ® o * NS
ns,”™ and *: non-significant, significant at p<0.01 and p<0.05 respectively

1- Coefficient of Variations
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Table 3- Comparison of the average interaction effects of water and salinity stresses on the studied traits (by Tukey test
method - 2020)

&5 — e
&ilowd LS5 Evaporation and transpiration (mm) 23 Sles
Treatment compounds a3l als 40 Arwgs dl o Gwdsaw JSLL dsw  Wetyield (ton.hec?)
Initial stage Development stage Middle stage  Final stage
WoSo 54.302 231.532 254.07 2 152.802 50.392
WoS1 53.572 227.53" 248.13° 145,93° 46.71°
WoS2 53.572 221.97°¢ 236.67 © 134,53 ¢ 44.36¢
WiSo 50.10° 166.63 ¢ 190.93¢ 130.43 ¢ 41.41¢
Wi1S1 49.80° 162.33 ¢ 184.10¢ 121.17¢ 40.75¢
WiS2 49.87° 156.03f 173.77f 115.00 f 40.16F
W2So 49.80° 110.509 137.339 80.779 38449
W2S1 49.30° 106.30 130.67" 75.50" 35.81N
W2S: 49.20° 104.10" 124,51 67.07! 33.23"
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Figure 2- Effect of water stress and salinity levels on absolute evapotranspiration of maize at different stages of plant growth
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Figure 4- The amounts of estimated growth coefficients of models in the different treatments in plan
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Table 4- The equations generated for different models based on 2020 data
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Explanation: The superscripted numbers in brackets indicate the priority of choosing a model based on statistical indices.
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Figure 5- The comparison of the potential of model types in estimating relative maize yield under simultaneous water and
salinity stress
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Introduction

Surface and underground waters are one of the world's most important problems and environmental concerns.
In the last few decades, due to the rapid growth of the population, the water needs have increased, followed by
the input load to the water. In order to classify the quality of underground water and water level according to the
type of consumption, there are many methods, one of the most used methods is the use of quality indicators.
Considering the facilities available in water quality monitoring stations and the need to save time and money,
using alternative methods of modern data mining methods can be good for predicting and classifying water
quality. The process of water extraction for domestic use, agricultural production, mineral industrial production,
electricity production, and ester methods can lead to the deterioration of water quality and quantity, which
affects the aquatic ecosystem, that is, the set of organisms that live and interact. Therefore, it is very important to
evaluate the quality of surface water in water-environmental management and in monitoring the concentration of
pollutants in rivers. The aim of the current research was to estimate the numerical values of the drinking water
quality index (WQI) using the tree method and investigate the effect of wavelet transformation, the Bagging
method, and principal component analysis.

Materials and Methods

In this research, to calculate the WQI index from the quality parameters of the Bagh Kalaye hydrometric
station including total hardness (TH), alkalinity (pH), electrical conductivity (EC), total dissolved solids (TDS),
calcium (Ca), sodium (Na), Magnesium (Mg), potassium (K), chlorine (CI), carbonate (COs), bicarbonate
(HCO3) and sulfate (SO4) were used in the statistical period of 23 years (1998-2020). Quantitative values
calculated with the WQI index were considered as target outputs. By using the relief and correlation method, the
types of input combinations were determined. The random tree method was used to estimate the numerical
values of the WQI index. Then, the capability of the combined approach of wavelet, principal component
analysis, and Bagging method with random tree base algorithm was evaluated. To compare the values obtained
from the data mining methods with the values calculated from the WQI index, the evaluation criteria of
correlation coefficient (R), root mean square error (RMSE), mean absolute error (MAE), and modified Wilmot
coefficient (Dr) were used.

Results and Discussion

The use of the wavelet transform method and the Bagging method has improved the modeling results.
Considering that the Bagging classification method with the random tree base algorithm is a combination of the
results of several random trees, so using this method has increased the accuracy of the RT model. So, in general,
it was concluded that the use of wavelet transformation and classification methods increases accuracy and
reduces errors. The best scenario with the highest accuracy and the lowest error was related to scenario 10 of the
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W-B-RT model with Total Hardness, Electrical Conductivity, Total Dissolved Solid, Sulphate, Calcium,
Bicarbonate, Magnesium, Chlorine, Sodium, and potassium parameters. The results showed that the effect
impact of pH in estimating the numerical value of the WQI index is considered lower than other parameters.
When the principal component analysis method was used, by reducing the value of the eigenvalue from F1 to
F12, the value of the factor also decreased; As a result,so F1, F2, and F3 factors were selected as the basic
components. Considering 3 main factors, modeling was done employed and R=0.98, RMSE=2.17, MAE=1.52,
and Dr=0.97 were obtained. In general, the results showed that the PCA method, despite reducing the dimension
of the input vectors and simplifying it, can improve the accuracy and speed of the model and is introduced as the
best method for estimating the numerical value of the WQI index.
Conclusion

The results obtained from the present research showed that the use of wavelet transform, Bagging and PCA
methods had a positive effect on improving the results and increasing higherthe accuracy. In estimating the
numerical values of WQI index, PCA-B-RT method considering 3 main factors, with correlation coefficient
equal to 0.98, root mean square error equal to 2.17, average absolute value error equal to 1.52 and tThe modified
Wilmot coefficient equal to 0.97 had the highest accuracy. Considering that all the methods used in the
estimation of quantitative values had acceptable accuracy, therefore, in case of lack of data and lack of access to
all chemical parameters, it is possible to obtain appropriate and acceptable results by using a limited number of
parameters and data mining methods achieved.

Keywords: Bagging preprocessing approach, Modified Wilmot coefficient, Principal component analysis,
Relief Algorithm, Wavelet transform
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Table 2- The parameters involved in each scenario and the method of selecting scenarios

925w T (4o
(Scenario selection method)

$%939 920w 8 jlowd
(Input) (Scenario Number)

Correlation Matrix

TH, EC, TDS
TH, EC, TDS, SO4
TH, EC, TDS, SO,, Ca
TH, EC, TDS, SO, Ca, HCO3
TH, EC, TDS, SO,, Ca, HCO;, Mg
TH, EC, TDS, SO,, Ca, HCOs, Mg, ClI
TH, EC, TDS, SO, Ca, HCO3, Mg, Cl, Na

TH
TH, EC

©OoO~NOO U WNE

TH, EC, TDS, SO4, Ca, HCO;, Mg, Cl, Na, K 10

TH, EC, TDS, SO,, Ca, HCOs, Mg, Cl, Na, K, CO; 11

TH, EC, TDS, S04, Ca, HCO;, Mg, Cl, Na, K, CO3, PH 12

Relief TH, K 13
TH, K, SO, 14

TH, K, SO,4, TDS 15

TH, K, SO,4, TDS, EC 16
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Table 3- Water quality classification based on WQI value
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(Type of Water) (Class) (WQI Range)
(Excellent water) J= | (8- »;) below 50
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(Poor water) ciso 11 100-200
(Very poor water) ci.s s v 200-300
(Water unsuitable for drinking) .5 6 . Vv ¥4 ?‘E’?‘.’e 300

=S clmodly g9y ) (I Kin By pa ey pl @
e b OB et Slacgles o 093 g0 3 el glate
(Denil et al., 2014) x5 -

Gudaddens G g
» oy 4_3‘)] ‘) (S —udwd ws) ARV JL» JEEE ST ‘)lg U‘Jﬁl
Vgd oo Jale wb & ilge ©ygods al 1Sl (pdix () o
wiyeSdl ookl bl 150l o .l ials dcgemme uilylg U
e bl el G s G g) 2 pleSs S0
5 Mlad jelbdy 4 Cul (glac gosme co punl Cigs 031> degae
Camoz 3815l (S5 an by e SleMbl plos (230l L o]y
s s luss lej U ,\_J)s o=l e oo gl > ye
Jadaay a8 o iy dolsl 2o o Cuman b s dsgeore lanli
Cuwl S0 (ool Cumon | diged 2 &y daome Ol il ol

1- Bootstrap



VF) aidwl — cyatg o8 o)lod FF wls (S g T a5 VoY

2L slajle
L ylSoals sla g, 5l oael cwd 45 pdlie duglio ol
oy 2yl slajlne JIWQI (a3l 5l ol sl polio
S (RMSE) "L o 555s 4 (R) (oFiron
o3liil (D) Toii Mol Cgolyy oy 5 (MAE) T sllae (sllas
S (A) B (8) baslyy > iy 42 398 (sloolol (sl Jga 6 .3

1wl 0433,5

2 (6 =X)(¥, ~Y)
R=—Z ()

020,57

(%)
(v)
N
v A
N N _ CZ X; —x| ( )
WhenZ|yi —Xi|>Cz X, —X|—) N|:1 -1
- = |yi _Xil

Dr = =

N
J N - Z|yi—xi|
when |y, ~x|<C [x X >1--%
SRS T
i=1

dmsle Ak Xi ¢ Jace 3l 00D 250 ylade Vi ¢358 Lallg) 5
Al o bodly sl N g ol a8 jaslis jl ond

plosl Jolye sleissg, Visio 2016 l58le 5 5l ealazwl b
W0l LS Y S 50 g ey B0

Coy g W

kool 5| WQI o8 3l 3y90 (cly pols Gimgh 5

s HCOs; £0O3 £l K Mg Na C€a TDS EC pH TH
odlawl b VY (g lol 0,95 13 M EL (¢ yag aum oKius] SO4
chlizee (639)9 (slaceS 5 Ol (gl (Stuwod g i) by, L
0%9) L WQI (oS poli 35910 gl (53l Juo 15 035 )
OVt 35509y (2hlS e b plosil Bolual cép

2- Root Mean Square Error
3- Mean Absolute Error
4- Modified Wilmot Coefficient
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Figure 2- Outline of the research processes
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Table 4- Evaluation criteria for estimating quantitative WQI values in the test section

Method
Sconar RT B-RT W-B-RT
cenario o™ RMSE MAE Dr R _RMSE MAE Dr R _RMSE MAE Dr
1 094 363 265 090 095 345 254 091 095 311 237 092
2 092 421 289 089 093 401 266 090 096 280 199 095
3 089 485 319 086 095 355 234 092 097 267 177 096
4 091 430 277 089 094 356 232 093 097 277 190 095
5 089 489 306 087 095 337 219 093 096 306 213 094
6 093 398 260 091 097 280 186 095 098 228 148 097
7 094 364 268 090 097 277 174 096 098 239 138 097
8 093 377 268 090 096 315 203 094 097 274 178 096
9 094 350 252 091 096 287 187 095 097 271 169 096
10 094 374 261 091 097 279 185 095 098 229 146 097
11 096 290 217 093 097 245 163 096 098 234 159 0.96
12 091 432 291 088 097 258 169 096 098 229 147 097
13 073 744 410 077 086 552 373 081 095 316 242 092
14 08 630 374 08l 091 438 303 087 095 321 223 093
15 089 48 303 087 095 359 235 092 097 276 201 0094
16 092 422 270 090 096 314 205 092 098 244 173 096
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Figure 4- RMSE error of the studied methods



Vil Lol ailie Julowi 9 Srgo (o 55 50,5 9 (5553 Wb i ooliswl b 0y OF (S (el (30 (a9l 9 (5 lw

Olsmsdny PCA 5l ouis gl sal 38,50 5 Lol Jole coles
Sdaz8,S b 3 RT asl o, X L Bagging s, (63959
ol Scree Plot lsgos )3 )] (xe5 b g 039 55, polée
S e85 i Glge 58 JSE 4 4295 L (0 JS3) 8 03y
o5 35 Jole b5l g b g g3 ke il L F12 4 FL )
bl badlye loic 4 F3 9 F2 FL1 Jole oplply scunl ons
P g asd Lol g5l Jae c ol Jole ¥ 58,5 Jas 5

ol Cuws 4 Dr=0.97  MAE=1.52 RMSE=2.17 R=0.98

2V gl 9 e odalidio j5 ¥ Jouo jl a8 sk len
sl o] Mo a8 3 )5 |, RMSE i s ,2a8 W- B- RT g,
Ssan gy 5} ool b od 5] (gl s .l Y/YR
S92 45 C8)S doni i oo WA i) (o) Sl sy
Silbwdis 3 liwan WU plerd byl o (Staen
Db WQI [aslis gdae
@l 290 sl ol (g ) 85 o)l 5l S5 (S
D9 (ol adle Lo B9y (65,8 4 e plsl (sile Jue
3509 sLayielly jl (ad SLeS 5 (5550 PCA i) SeS
58,8 3148 edlatul 350 ¢(£39)5 (slayloy laicdy g odds olwliid

9y

O r N W b~ U1 O

(Eigenvaluel) o34

Scree plot

F1 F3 F5 F7 F9 F11
(Factor) g5

100
80
60
40
20

(9053) (2025 (65201 ot
Cumulative variability (%)

axlllan 3,90 (o2 lownd (5 ol Scree Plot 413ged —0 JSUS
Figure 5- Scree plot diagram of the studied chemical parameters

Standard deviation

e \_'.)_')JJI

—8— Observed
@ W-B-RT10
PCA-B-RT

®-B-RT 10

@ RIR 10

kol 4o Jolosi 9 BAGYING (19512 51 i 35509, S50 St 3G oy 2 5151 yoleF 01,50 -1 USS
Figure 6- Taylor diagram to investigate the effect of wavelet transform, Bagging method and principal component analysis



VEo) sl — (yogg oF 0yl FF als (S g ol ay,is VP

WQI [asls yiSlas ¢ Jolas polie 3,90 & JSb @ av95 b
cizmad ool 0399 W-B-RT o 5§l yige PCA-B-RT o 5>
92 52 3 (Fokg sloed (o re o)) WQI (Slgli3 iy
Slalite palie d S35 5 03909 yu pow Sl Jg> (b9
.CA.M)‘ [XW) 3)9‘1){

i Jae g Slalin glaodly clyss e (ob lis gy
5 &) lej sy jogei A JSi3 > (PCA-B-RT)

By U y5Sie by, sl asuiie A US55 45 sob lon
e 03,8 3,51 1, WQI sl 3L

Silodre 3 somendls (slagsdy, jleans e Lt @l (o)
o=l ey cpiiazee ST g 030,85 ealatwl S & ;.j S
Slodged WS Lo Jo

W-B- RT (oS5 gy N+ ol b 0)L31 &5 5k o
oy azals 1y s oy 5eS 5 B35 o 5YL PCA-B-RT s,
5 Bagging (531 o i 5,Sag; il ool 15U yign ooy ol
ailgo Jdos g 8L crirem 9 V¢ gyl )3 Sarge oo
2355 o g5 e lasby) solkd plSL F JSS 5 (Lol

3559y jl okl 4870008 adesMe & JSb an a2 L
B0 2l dgupe el «Soge b 9 Bagging il i
Ohgy aS ol ol ol IS clls jd piomes Cawl oid Bolas

= o silwerls 5 (£39y9 sl xSl o) JPCA

O Olg=isda g wisu W)l ) Jue 3 Slas Copu g €83 wilgs
29 (Byme WQI (adld (o340 )lude (30055 (sl 109,

4S5 WQI (asls pslie sl (Sokg Jloges 55V JS5
B9y ;S p el 1545 48)5 )l ) Shalie palie Glyiea
TH, EC, TDS, cclo ol Jols Ve g0 )lhs) W-B- RT S5
sy PCA-B-RT 35, 5 (SO4, Ca, HCOs, Mg, Cl, Na, K

(WQD) 3ol i sl

'

cob
sk
ok
sof
sof
a0l
Obssrvad

w-B-RT10

BCA-B-RT

(Model) i

PCA-B-RT (p9) 9 W-B-RT (oS 55 (p59, 13 32 92 )l (Fokig y13909 -V U0
Figure 7- Villon diagram of the best scenario of the combined W-B-RT method and PCA-B-RT method

95
85
75
65
55
45

e g ctual

e predicted

35

WAl 0l OF (S ad L

~— 00 1N N O O MmO N
NN OO < NN

0 N N D
~N 0 O O

06
113
120
127

Time (month)

(al.a) Okl

Py dse g Flaalin gboald o g Hoges —A JS
Figure 8- Time series plot of observational data and superior model



VoV ol ailio Juloi g Srgo (o 5 600,515 5 (5550 59 3l ool b oyl T (oS (oLl (5008 (rmadd (slgler 9 (g )bius

WM L (6 ogim o] Ol CuisS (pols yingh 5

L WY IOl oS anaab (gl .cd)S 8wy 39
C03 Cl K Mg Na Ca TDS EC pH Jol_5 oy
Gl (glagy b > s YY (5)Lsl 0,65 ,> SO4 4 HCO3
Sl owm A Al WQI (a3 L oS polis il b eolasuwl
ol 45 45 Lasito WQI el (o30s yalio Ly, oy
@e e iulial b oyl 438 )3 g atdly (udulj8l (gdigy ¢ pasld
@ dgi b ol osd yieS asdla 3y90 olKius] wps O S
48,5 dons cdalllas 390 o] 3 (SO Sl colia Lilj8l A,
otalS s 5l (S plgied Blg e ol (6)9b I3l 40
L WQI jasls (ooas alie 351, 09 485 Jlai )5 Of S
3 osliwl U cpiomen i plosl dolas ¢ p3 bg, 5 ealitul
ol adlse Jidod 9 Sage s BAGYING (311550 ey 3,509,
o glmo)lol Ly Loy (olj) b sy @l S92 5
5 e (sl (Siln s Sllarye (5 S0len i o Sinuratd
3 oacel cows 4 gl b ) ploolond Mol Ggeby o po
ol i 5 S gy 5l oolaiwl S sl i )bl yimgi
8> il 8l s s 54 0 PCA 5 So50 i Bagging
Sey WQI jas i (eose 13lie 5yl p3 aiisly uge pib
1, 8y oYU ool Jole ¥ 58,5 55 5 L PCA- B- RT
330t 5 odlil )50 slibg, plad aS ol 4y d2g5 b il
50303 35 108 Cyg o 3 1 wizsly Jod B Cds ¢ oS palhe
3 o3l Ly oy e b (sl ol plas & (gt poe
5 clie gl «gglSoals (sl by 9 W ptel)l Sl (5399500 sluss
903> Agd Cudgioe dy dngi Lyl s a1y (J5d LB
Gl 48 5 plog] o] S (g5 dalllas (ol (lrts Cydgame
o399 oo b gl ol s allan <5385 (slo o)
adllls )0l sals g5 el g el @l 4 oo sl o)l
oy dalllas a8 Jls > )T pbol Siiddas 5 Sid o8l
3 osliiwl Sl 035 o (oSS i &yl el cglate (gl il
5 03 Ol sl Bros 633k e dlox I b Jio don
sdn ldllas 53 345 o dlgidiy 11 il dgvg bl dulie

W55 58 argi 3y90 5 gy o

((Al- Mukhtar and Al- Yaseen, 2019) ywb 4 ke i
Slllas plodl s (Sattari et al., 2017) ) San 5 gk
L a4 Sy domd ol (IS b 3 ol adllas b 4l
Silwdie 53 jg2meodls Lo i gdlas 5y Slos 4y clie
JoB alie 3,150 (gly W igy cpl 5l oolinl ol &S (ol ol )b
!y (Solgietal., 2017) ) Ken 5 (S (puizmon (ol oy
gladlos (b ol 3 5 @l 59)l8 6bog; o curs Jibs
@l by (Siden )l 3)90 ST moie 9 il e 4
Jin g A e caps b SYM s oS sl L o] oo
b 3y Sdos yid o p)S o /YA glad Slasye (1 Sle
o3> g9y Szrge Joass Jlosl Iy il S o0 ) (gllas
e ay g Gialidl s Coypis Uil el (e (03959 sl
o /oYY o 4y 5 LialS s Slayye xSe is g +/AF
N2t ble oS 5 48 i8S o ol by o 1) 2 p S
HBOD e ol @l dome el Sage has b pleidy
Karbasi and Dindar ) jlad g awlyS 33,5 o (5,8 ailbag,
2 o Ol Cund 9 (S8l Colia ol 6l 35 (2019
GMD § MLP _csiao aac 4 glo Joe dg)00ul; 45155,
Cud & ol 3 ) & Sarge Jods bolyon 9 (S5 90 )
5l oslazul 51,5 b Jae 5 Shas 390 Sl 55 o] Guis 1 ol
ol aalio U 05,5 o dlisMo a5 ylizean 39y Sngo o
oS el e bl plosl liig ylo b ol oo
2 Jod S0l zuls Laeodls gla jogy 9 Soge Jods 3l oolau]
L ol Buis gl .l aiily oo ol cuas s
dalllas 3y90 B yiol)ly £o5 Ol jd osds plul sla Baiod yolw
B0 00 ey OLadng )d sl 039 Ul CutsS wyp (slp
5 Sy Colin Seisl 15 290 (5] el | ool
g 0 (g5l e Lus 02l (gla b, 5l odlaul b s Gl o
Lol sl 485 )13 (g2 3)90 qulis d9nt > Sge a5 36
o VY 3l eslial U o S as Lt Lol Limgiy opl 5o
04 (gilo Jdo Lioodls (gla gy b s 9 088 dlons (oo
2l dau 30 Soge s b SHl 568 wlie Gladss wiles g
el 48,5518 48T g b5yl 3590

8 15 4o

&l

1. Abdi, H., & Williams, L.J. (2010). Principal component analysis, Wiley interdisciplinary reviews: Computational

Statistics 2(4): 433-459.

2. Ajayram, K.A., Jegadeeshwaran, R., Sakthivel, G., Sivakumar, R., & Patange, A.D. (2021). Condition monitoring



VP aidwl — cyatg o8 0 led FF wlo (S g T 4,5 VA

oo

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

of carbide and non-carbide coated tool insert using decision tree and random tree — A statistical learning.
Materials Today. https://doi.org/10.1016/j.matpr.2021.02.065.

Al-Mukhtar, M., & Al-Yaseen, F. (2019). Modeling water quality parameters using data-driven models, a case
study Abu-Zirig Marsh in South of Irag. Hydrology 6(24). https://doi.org/10.3390/hydrology6010024.

Batur, E., & Maktav, D. (2019). Assessment of surface water quality by using satellite images fusion based on
PCA method in the Lake Gala, Turkey. IEEE Transactions on Geoscience and Remote Sensing 57(5): 2983-2989.
http://doi.org/10.1109/TGRS.2018.2879024.

Breiman, L. (1996). Bagging predictors. Machine Learning 24: 123-140.

Chen, K., Chen, H., Zhou, C., Huang, Y., Qi, X,, Shen, R., & Ren, H. (2020). Comparative analysis of surface
water quality prediction performance and identification of key water parameters using different machine learning
models based on big data. Water Research 115454, http://doi.org/10.1016/j.watres.2019.115454.

Denil, M., Matheson, D., & de Freitas, N. (2014). Narrowing the Gap: Random Forests in Theory and in Practice.
Proceedings of the 31% International Conference on Machine Learning, Beijing, China. JMLR: W and P. Vol.32. 9
pages.

Hameed, M., Shargi, S., Yaseen, Z., Afan, H., Hussain, A., & Elshafie A. (2017). Application of artificial
intelligence (Al) techniques in water quality index prediction: a case study in a tropical region, Malaysia. Neural
Computing and Applications 28: 893-905. https://doi.org/10.1007/s00521-016-2404-7.

Haar, A. (1910). The theory of orthogonal function systems. Mathematical Annals 69(3): 331-371.
http://doi.org/10.1007/BF01456326.

Hosseini, H., Shakeri, A., Rezaei, M., Dashti Barmaki, M., & Shahraki, M. (2019). Application of water quality
index (WQI) and hydro-geochemistry for surface water quality assessment, Chahnimeh reservoirs in the Sistan and
Baluchestan Province. Iranian Journal of Health and Environment 11(4): 575-586.

Karbasi, M., & Dindar, S. (2019). Comparison of wavelet-MLP and wavelet-GMDH models in forecasting EC and
SAR at Zayandeh-Rood River. Environmental Sciences 16(4): 135-152. (In Persian with English abstract)

Kavita, D., & Jagdish, S. (2012). Water resources management and water quality, case of Bhopa [%o., International
Conference on Chemical, Ecology and Environmental Sciences (ICEES'2012) 17-18march, Bangkok.

Khalil, B., Ouarda, T., & St-Hilaire, A. (2011). Estimation of water quality characteristics at ungauged sites using
artificial neural networks and canonical correlation analysis. Journal of Hydrology 405: 277-287.

Kheirabadi, Kh., Fayazi, J., Roshanfekr, H., & Abdollahi-Arpanahi, R. (2017). Evaluation of the effectiveness of
bootstrap aggregating sampling technique in the accuracy of the genomic best linear unbiased prediction method.
Iranian Journal of Animal Science 48(4): 573-584. http://doi.org/10.22059/ijas.2018.248547.653596.

Khoi, D.N., Quan, N.T., Linh, D.Q., Nhi, P.T.T., & Thuy, N.T.D. (2022). Using Machine Learning Models for
Predicting the Water Quality Index in the La Buong River, Vietnam. Water 14.
https://doi.org/10.3390/w14101552.

Kira, K., & Rendell, L.A. (1992). The feature selection problem: traditional methods and a new algorithm. AAAI-
92 Proceedings of the tenth national conference on Artificial intelligence, Menlo Park, California. 129-134.

Kolli, K., & Seshadri, R. (2013). Ground water quality assessment using data mining techniques. International
Journal of Computer Applications 76(15): 39-45.

Lau, K.M., & Weng, H.Y. (1995). Climate signal detection using wavelet transform, How to make time-series
sing, Bulletin of the American Meteorological Society 76: 2391-2402.

Mat Nawi, N., Chen, G., Jensen, T., & Abdanan Mehdizadeh, S. (2013). Prediction and classification of sugarcane
Brix based on skin scanning using visible and shortwave near infrared. Biosystems Engineering 115(2): 154-161.
Nihalani, S.M., & Meeruty, A. (2020). Water quality index evaluation for major rivers in Gujarat. Environmental
Science and Pollution Research 28: 63523-63531. http://doi.org/10.1007/s11356-020-10509-5.

Othman, F., Alaaeldin, M., Seyam, M., Ahmed, A., Teo, F., Ming, Fai, Ch., Afan, H., Sherif, M., Sefelnasr, A., &
Shafie, A. (2020). Efficient river water quality index prediction considering a minimal number of inputs variables.
Engineering Applications of Computational Fluid Mechanics 14(1): 751-763.
https://doi.org/10.1080/19942060.2020.1760942.

Sattari, M.T., Mirabbasi, R., & Abbasgholi, M. (2017). The use of data mining in predicting the quality of surface
water (case study: the rivers of the northern slopes of Sahand). Ecohydrology 4(2): 407-419. (In Persian)

Singh, D.F. (1992). Studies on the water quality index of some major rivers of Pune, Maharashtra. Proceedings
Academy Environmental Biology 1: 61-66.

Soleimanpour, S.M., Mesbah, S.H., & Hedayati, B. (2018). Application of CART decision tree data mining to
determine the most effective drinking water quality factors (case study: Kazeroon plain, Fars province). Iranian
Journal of Health and Environment 11(1): 1-14. (In Persian with English abstract)

Solgi, A., Pourhaghi, A., Zarei, H., & Ansari, H. (2017). Modeling and forecast biological oxygen demand (BOD)
using combination support vector machine with wavelet transform. Journal of Water and Soil 31(1): 86-100.
Trabelsi, F., & Hadj Ali, S. (2022). Exploring machine learning models in predicting irrigation groundwater
quality indices for effective decision making in Medjerda River Basin, Tunisia. Sustainability 14.


https://doi.org/10.1016/j.matpr.2021.02.065
https://doi.org/10.3390/hydrology6010024
http://doi.org/10.1109/TGRS.2018.2879024
http://doi.org/10.1016/j.watres.2019.115454
https://doi.org/10.1007/s00521-016-2404-7
http://doi.org/10.1007/BF01456326
http://doi.org/10.22059/ijas.2018.248547.653596
https://doi.org/10.3390/w14101552
https://link.springer.com/journal/11356
https://link.springer.com/journal/11356
http://doi.org/10.1007/s11356-020-10509-5
https://doi.org/10.1080/19942060.2020.1760942

Vel Lol ailie Julowi 9 Srgo (o 55 605 9 (5553 Wb i ooliswl b 0y OF (S (el (30 (a9l 9 (55w

https://doi.org/10.3390/s5u14042341.

27. Vishwanath, V., Mahesh Kumar, N., & Wakif, A. (2021). Haar wavelet scrutinization of heat and mass transfer
features during the convective boundary layer flow of a nanofluid moving over a nonlinearly stretching sheet.
Partial Differential Equations in Applied Mathematics 4, https://doi.org/10.1016/j.padiff.2021.100192.


https://doi.org/10.3390/su14042341
https://doi.org/10.1016/j.padiff.2021.100192

Journal of Water and Soil
https://jsw.um.ac.ir i

Research Article
v Vol. 36, No. 6, Feb.-Mar., 2023, p. 711-727

Evaluating Reference Evapotranspiration Using Data Mining Methods and
Comparing it with the Results of Water Requirement System in Qazvin
Province

A. Sedaghat™®'* N.A. Ebrahimi Pak?, A. Tafteh? S.N. Hosseini*

Received: 05-09-2022 How to cite this article:
Revised: 03-12-2022 Sedaghat, A., Ebrahimi Pak, N.A., Tafteh, A., & Hosseini, S.N. (2023).
Accepted: 06-12-2022 Evaluating Reference Evapotranspiration Using Data Mining Methods and

Available Online: 22-02-2023  Comparing it with the Results of Water Requirement System in Qazvin
Province. Journal of Water and Soil 36(6): 711-727. (In Persian with
English abstract)
DOI: 10.22067/jsw.2022.78652.1200

Introduction

The accuracy of determining reference evapotranspiration (ETo) is an important factor in estimating
agricultural and garden water requirements. The complexity of the evapotranspiration process and its
dependence on meteorological data have made it difficult to accurately estimate this variable. Non-linearity,
inherent uncertainty and the need for diverse climatic information in ET, estimation have been the reasons that
have made researchers interested in data mining methods such as artificial neural network (ANNS), random
forest (RF) and support vector machine (SVM). Dos et al. (2020) evaluated the performance of machine learning
methods to estimate daily ETo with limited meteorological data. Their results showed that machine learning
methods estimate ETo, with high accuracy, even in the absence of some variables. The use of artificial
intelligence models in estimating ETo with high accuracy has become popular in recent years, but the complexity
of these models makes it difficult to apply them to regions with different climatic conditions (Feng and Tian,

2021). Therefore, the aim of this study is to show that different data mining methods are suitable for daily ETo

estimation, which can reach a comprehensive and simple model with high accuracy by using minimal weather
data.

Materials and Methods

In this research, the accuracy of data mining methods in estimating ETO was evaluated in comparison with
the plant water requirement system (FAO-Penman-Monteith standard method). For this purpose, data related to
meteorological parameters such as sunshine hour, air temperature, wind speed, and relative humidity air were
collected from ten synoptic stations and five climatology stations of Qazvin province in a period of 10 years
(1389-1399). The ETO extracted from the plant water requirement system was calculated based on the Penman-
Moanteith method of FAO 56 and on a daily time scale, which is the actual value (measured) with the estimated
values obtained by data mining methods (ANNs, RF and SVM) were evaluated. In order to validate the obtained
results, the data of each station was divided into two sets of training (two-thirds of data) and testing (one-third of
data). Finally, the generalizability of the mentioned methods in estimating ETO was investigated based on
NRMSE, R2, RMSE, MBE, EF and d Criteria.

Results and Discussion
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The results showed that the ETo values of the plant water requirement system have a good correlation with
the estimated ET, values of ANNSs, RF, and SVM methods. In this research, the accuracy of the results of ANNs
method was relatively higher than the other two methods. The results of statistical investigations and diagrams
showed that ANNs, RF and SVM methods, considering all meteorological parameters (mean air temperature,
average relative humidity, sunshine hours and wind speed) as input to the model, in Qazvin synoptic station with
altitude 1279 meters and the climatology station of Rajaei power plant with a height of 1318 meters, estimated
ETo with higher accuracy in both training and testing steps.In the ANNs method, the values of NRMSE and R? at
Qazvin synoptic station in both training and testing steps are equal to 0.11 and 0.97, respectively, and at Rajaei
Power Plant climatology station in both training and testing steps are equal to 0.10 and 0.97, respectively. In this
research, the accuracy of estimating the value of ETO in two ANNs and RF methods is close to each other and
higher than the SVM method. On the other hand, the fitting speed of the ANNs method is very long compared to
the RF method, and considering all aspects, it can be said that the RF method has a more suitable approach for
estimating the ETo value. The results of this research showed that the value of ETy is not only based on air
temperature, but may change under the influence of other factors such as air pollution, and is also strongly
influenced by regional conditions such as topography and altitude.

Conclusion

The results of this research, in addition to better investigation of ETO, help to know more influential factors
in each region and can be used in regions with similar climatic conditions. For example, in the current study
area, it was found that the role of average air temperature is greater than other climatic parameters and has a
greater impact on ETO. Therefore, it can be said that increasing the average daily air temperature will increase
ETO and subsequently increase the water requirement of plants. As a result, by using these methods and paying
attention to these points, it is possible to avoid water stress and possible reduction of the production.

Keywords: Data mining, Reference evapotranspiration, Water requirement system
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1- Root mean square error
2- Mean Bias Error
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