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The use of antibiotics as major drugs in infectious diseases has always been
associated with two problems of side effects and drug resistance. The
compounds found in various plants have been used as a treatment method
since the past until today because medicinal plants possess side effects
compared to other drugs. Given that different species of Echinops dichorus
L. plant have indicated good antimicrobial effects, in this study
antimicrobial effects of ethanol and aqueous extracts of Echinops dichorus
L. plant have been investigated by disk diffusion method and determining
the minimum inhibitory concentration (MIC) on the 24-hr culture of
Escherichia coli (E. coli) standard strain. Echinops dichorus L. plant was
dried after collection and its ethanol and aqueous extracts of were prepared
by maceration method. Afterward, the concentrated and dried samples were
stored in clean containers under standard conditions for further tests. The
antibacterial effect of different concentrations of the extracts was
determined by agar diffusion and compared with penicillin, gentamicin, and
tetracycline antibiotics. Ethanol and aqueous extracts possessed a MIC of
31.25 pg/ml (diameter of the bacterial growth inhibition (halo): 12 mm) and
125 pg/ml (diameter of the bacterial growth inhibition (halo): 10 mm),
respectively, as anti-microbial effect against E. coli.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

rapid emergence of resistant bacteria can
decrease the efficacy of antibiotics, so many

Antibiotics are one of the great advances in
medicine; however, overprescribing them can be
led to resistant bacteria. Indeed, the use of
antibiotics as major drugs in infectious diseases
has always been associated with two problems of
side effects and drug resistance. Moreover, the
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decades after the first patients were treated with
antibiotics, bacterial infections have again
become a threat. In this regard, the lack of new
drugs development in the pharmaceutical
industries due to decrease economic incentives,
as well as challenges in regulatory requirements
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have led to fueling these problems, although, in
the past until today; the use of medicinal plants
has been the focus of many researchers and
possess special importance around the world to
treat the different diseases. Hence, many studies
have been carried out on different plants, and
their antibacterial effects have been evaluated.
The reports have shown that the compounds
found in various plants have been used as a
treatment method since the past until today
because medicinal plants possess fewer side
effects than other drugs. In this field, the
secondary metabolisms existent in the plants
have an important role in the treatment of
diseases. Given that different species of Echinops
dichorus L. plant have indicated good
antimicrobial and anti-inflammation effects, in
this study antimicrobial effects of ethanol and
aqueous extracts of Echinops dichorus L. plant
have been investigated by disk diffusion method
and determining the minimum inhibitory
concentration (MIC) on the 24-hr culture of
Escherichia coli (E. coli) standard strain.

Material and Methods

The desired plant was collected from an herbal
shop located in Babol City. Harvesting and
collecting the aerial parts of the plant containing
high sugar is done in August at an altitude of 450
meters in the city of Babol. It is caused by the
activity of a inspect species on the Tighal sugar

plant. The herbal samples were collected in the
middle of autumn, washed in water, and dried by
air, for 3-4 days (25 °C). Afterward, the samples
were powdered and 25 g of powdered plant were
added to 500 ml of ethanol and water, separately;
and were stirred at 100 rpm, at 25 °C and 65° C,
respectively, for 48 h. After that, the mixture of
plant and solvents was filtered by 0.4 micron
Whatman filter paper. The extracts were
concentrated by a rotary device at 35 °C and 55
°C respectively for alcohol and water were stirred
at 100 rpm and were placed in sterilized glass
plates in the open air and exposed to air, free
away from environmental dust. Finally, they
completely lost their solvent and dried.

Results

The results showed that the aqueous extract of
the Echinops dichorus L. plant can only inhibit
bacterial growth at a high concentration. No anti-
bacterial effect was observed in the 1.5 mg/ml
concentration of its aqueous extract. While, the 1
mg/ml concentration showed the diameter of the
bacterial growth inhibition (halo) of 10 mm,
Table 1 and Fig. 1. Notably, the penicillin
antibiotic disk could not suitably inhibit E. coli
growth due to high drug resistance of E. coli
against  penicillin  antibiotic. However,
tetracycline and gentamicin antibiotics showed a
diameter of bacterial growth inhibition (halo) of
17 and 25 mm, respectively.

Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli

aqueous extract penicillin gentamicin tetracycline
9 mm - - -
9 mm - 25 mm -
10 mm - - 18 mm

Fig. 1 The effect of aqueous extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics

The ethanol extract of Echinops dichorus L. plant
illustrated anti-bacterial effect in 0.5 mg/ml
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concentration, so that, the 1 mg/ml and 0.5
mg/ml concentrations of this extract showed the
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diameter of the bacterial growth inhibition (halo)
of 12 mm and 8 mm, respectively (Table 2,
Fig.2). The results also showed that the penicillin
antibiotic could not suitably inhibit E. coli
growth that can be due to drug resistance of E.
coli, against penicillin antibiotic, as well as, anti-
bacterial properties of the ethanol extract than

penicillin.  Tetracycline and  gentamicin
antibiotics also showed the diameter of the
bacterial growth inhibition (halo) of 19 mm and
26 mm (in 1 mg/ml concentration), and 25 mm
and 18 mm (in 0.5 mg/ml concentration),
respectively.

Table 2 The diameter mean of E. coli. Growth Inhibition (halo), against ethanol extract (0.5 mg/ml and 1
mg/ml) and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
& mm -
& mm 25 mm
& mm 8 mm

Fig. 2 The effect of ethanol extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics

Conclusions

Screening, identification, and isolation of the
active compounds of plants can help investigate
their antimicrobial effects. In general, the
sugarcane plant can be used as an antimicrobial
agent; Especially for countries like Iran, where
this plant is native to its regions and can be a
suitable candidate for pharmaceutical industries.
The results of this research can be stated as
follows:

1. Both aqueous and alcoholic extracts of
Echinops dichorus L. were effective on
Escherichia coli.

2. The effect of alcoholic and aqueous extracts
showed that at the lowest concentration, they
cause sensitivity in E. coli and they were much
more effective than selected antibiotics.

Environment and Water Engineering

3. The antibacterial compounds present in the
alcoholic  (ethanolic) extract of Echinops
dichorus L. have the ability and effectiveness to
be used together with antibiotic regimens.

4. The used plant has an acceptable potential for
medicinal use against diseases caused by Gram-
negative bacteria.

Data Availability
The data used in this research are presented in
the text of the article.
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Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli
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Fig. 1 Statistical comparison of the effect of aqueous extract of Echinops dichorus L. on E. coli bacteria with a
concentration of 1 mg/ml
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Fig. 2 The effect of aqueous extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics
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Table 2 The diameter mean of E. coli. growth inhibition (halo), against ethanol extract (0.5 mg/ml and 1 mg/ml)

and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
8 mm -
8 mm 25 mm
8 mm 8 mm
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Table 1 The diameter mean of E. coli growth inhibition (halo), against aqueous extract and penicillin,
gentamicin, and tetracycline antibiotics

1 mg/ml concentration of aqueous extract of Echinops dichorus L. plant on E. coli

aqueous extract penicillin gentamicin tetracycline
9 mm - - -
9 mm - 25 mm -
10 mm - - 18 mm
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Fig. 1 Statistical comparison of the effect of aqueous extract of Echinops dichorus L. on E. coli bacteria with a
concentration of 1 mg/ml
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Fig. 2 The effect of aqueous extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics
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Table 2 The diameter mean of E. coli. growth inhibition (halo), against ethanol extract (0.5 mg/ml and 1 mg/ml)

and penicillin, gentamicin, and tetracycline antibiotics

1 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
12 mm -
12 mm 26 mm
10 mm 19 mm

0.5 mg/ml concentration of ethanol extract of Echinops dichorus L. plant on E. coli

ethanol extract penicillin gentamicin tetracycline
8 mm -
8 mm 25 mm
8 mm 8 mm
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Fig. 5 The effect of ethanol extract of Echinops dichorus L. plant on E. coli, based on the bacterial growth
inhibition (halo) on the disk containing extract and antibiotics
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Identifying the different habitats in wetlands is essential for their protection.
This research was carried out with the aim of classifying habitat areas of
Mabharlu wetland in Fars province using MedWet, Mediterranean Wetland
Habitat Classification System. Information on dominant vegetation cover,
soil, and hydrology of the wetland was prepared using field surveys. The data
on the water regime were obtained with quarterly satellite images from 2016-
2019 in remote sensing media using ArcGIS. Sampling was performed for
wetland plants and lake bed outcrops from 39 stations in May 2020. Plants
were identified and classified on the basis of being an annual or perennial
presence and submerged or floating. By stacking this information in ILWIS,
different habitat zones were separated. Each was then specified using habitat
international standard codes, and habitat maps were prepared. In total, 42
habitats were identified in the Maharlu wetland. The most prevalent habitats
were palustrine—emergent—persistent—seasonally flooded—Mixosaline— (P-
EPSX-) (14,797,300 m?), palustrine—emergent—persistent—temporarily
flooded— Mixosaline (P-EPSX-) (296,600 m?), lacustrine-littoral-emergent—
persistent—seasonally flooded—mixosaline— (LLEPSX) (2,079,900 m?), and
lacustrine—littoral-emergent—persistent—Semipermanently flooded—
mixosaline— (LLEPLX-) (493,000 m?). The results of this research in
recognizing habitats are useful for the protection of ecosystem sections,
especially plant communities.

© Authors, Published by Environment and Water Engineering journal. This is an open-access article
distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction
MedWet (Mediterranean Wetland System) is a

hierarchical classification method for the
identification of wetland habitats. Wetland
habitats were classified and mapped by

interpretation of aerial photographs and field work
for soil mapping and plant species inventory. The
method was mostly used in European and North
African countries having Mediterranean climates.
MedWet method was tested for the first time in
Iran in Fars province to identify different habitats,
and prepare a habitat map with hydrology, soil
types, and vegetation. It was also used in the study
of Parishan, Shadgan and Zaribar wetland
ecosystems in Iran. Maharlu is a saltwater
ecosystem, 10 km southeast of Shiraz, and a
unique natural habitat. Despite the high value and
importance of Maharlu wetland in Fars province,
a habitat map has not been yet prepared for it. The
purpose of this research is to identify the habitats
in the Maharlu wetland using the MedWet
hierarchical method, and to prepare a habitat map
by combining hydrological, vegetation, soil, and
salinity information.

Material and Methods

Mabharlu lake is located in the southeast of Shiraz,
at the middle part of Maharlu watershed with the
geographical position N 26" 31’ 29°, E 26" 43’
52°. Its minimum and maximum altitude is 1461
and 1465 m asl., respectively. At the highest water
level its area is 175-250 km2, its mean depth is 55
cm with a maximum of 3 m, its length is 31 km,
its maximum width is 11 km, and the average
volume of the lake is estimated to be about 130
MCM. The maximum water intake was
determined with aerial photographs of the lake in
the high water period of 2005. Thirty-nine stations
were visited in November 2018 to identify hydric
soils using the soil color comparison method
(USDA 2018). Aquatic plant samples were taken
from 39 stations in November 2018 and May
2019. The percentage of wetland surface
vegetation coverage (being more or less than
30%) was measured at each station. It was
checked that they are annual or perennial, and
floating or submerged. The bed pro file was
identified as being rock, cobbles/gravel, sand,
mud, organic, or salt crust. Water salinity zones
were classified using previous data measurements
from Zamanpoore et al. (2019b). Ecological

Environment and Water Engineering

boundaries of the wetland were demarcated on
Google Earth. The change of the lake border in
different years was analyzed with the time series
of Landsat 5 and 8 images (USGS, 2020) in 2014-
2018 using ENVI software. The Medvet method
divides the wetland into system, subsystem, class,
and subclass categories. Each habitat is then
described by water regime, water salinity,
dominant species, and artificial structures. A code
(an alphabet letter) is used for each category and
feature. Information was integrated in the GIS and
ILWIS software, and by combining the data and
maps, a zoned map and a classification table of
wetland habitats were prepared.

Results

Two Lacustrine and Palustrine were recognized.
Both persistent and non-persistent macrophyte
groups were found in Palustrine subsystem. The
main part of Maharlo is of Lacustrine, and the
vegetation of the water bed or emergent plants can
be seen. The lacustrine subsystems of the lagoon
are littoral, from the shore line to a depth of about
2 m, and limnetic, more than 2 m. Two classes of
non-vegetated and emergent were identified in the
palustrine system. Most of the lake, except for
parts of the periphery is non-vegetated. In the
lacustrine-littoral subsystem, three classes of
water surface, non-vegetated, and emergent were
identified. For the lacustrine-limnetic subsystem,
only water surface was identified. In this class
only salt layers were seen on the bed, subclass salt
crust. The dominant plants are Halocnemum
strobilaceum, Salsola crassa, and Petrosimonia
glauca. Five categories of permanently, semi-
permanently, seasonally, and intermittently
flooded were identified as water regime modifiers.
The water salinity modifiers in the largest area of
the lake is hypersaline (> 40 mg/1), but in a narrow
strip in the west of the wetland is mixosaline (0.5-
0.30 mg/l). After combining all habitat
information, 42 different habitats were identified
across the lake (Fig. 1). The widest habitat of the
wetland with 110,330,000 m2 area is in the
middle. Its water regime is semi-permanent,
having water in most periods of growing seasons.
Its surface is non-vegetated and salt crust, and its
water salinity is hypersaline (LLOALY). The
largest area of the palustrine system with
14,749,300 m? is having emergent persistent
vegetation, seasonally flooded, and mixosaline
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Fig. 1 Map of classified habitats in Maharlu wetland

The findings of this research showed several
differences between the habitat composition of
Mabharlu and the other three studied wetlands. In
Maharlu, most of the soil surface is covered by
salt crust. The water regime of a large part of
Zaribar is in permanent drainage, very different
from Mabharlu. The bed type of Parishan wetland
is very different from Mabharlo, all of it covered
with loamy-clay fine-textured soil, while the main
area of Maharlu is salt crust, with mud bed only in
the palustrine parts. Vegetation in and around.

Conclusions

The water regime of Maharlu wetland is semi-
permanent in its largest area, seasonal or
intermittent in the west, and permanently flooded
only in the mid-west. Bed cover in the main part
of the wetland is salt crust. The largest habitat is
in the middle of the lake with a semi-permanent
water regime, in an area of 110,330,000 m2,
hypersaline water, and non-vegetated salt crust
bed. Plant communities are rich in a large part of

Environment and Water Engineering

palustrine habitats in the western entrance with
identifiers P-EPSX-, P-EPTX-, P-ENSX-, P-
ENTX-, the total area of which is 20,725,800 m2.
Scattered communities with LLE identifiers can
be seen in the northern and southern margins with
a total area of 10,252,100 m?.
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Table 1 international habitat codes for Maharlu wetland

System Subsystem Class Subclass Water Water L= Code Area (m?)
regime salinity g £
Palustrine - N.Veg Salt crust Seas.F1.  Mixosaline - P-SASX- 6274200
Palustrine - N.Veg Salt crust Temp.Fl. Mixosaline - P-SATX- 149300
Palustrine - N.Veg Mud Seas.Fl.  Mixosaline - P-SMSX- 28100
Palustrine - N.Veg Mud Temp.Fl.  Mixosaline - P-SMTX- 3529300
Palustrine - Emergent Persistent  Seas.Fl.  Mixosaline - P-EPSX- 14797300
Palustrine - Emergent Persistent  Temp.Fl. Mixosaline - P-EPTX- 296600
Palustrine - Emergent N.Pers. Seas.Fl.  Mixosaline - P-ENSX- 2173100
Palustrine - Emergent N.Pers. Temp.Fl.  Mixosaline - P-ENTX- 3458800
Lacustrine Litoral Emergent N.Pers. Seas.Fl.  Mixosaline - LLENSX- 523900
Lacustrine Litoral Emergent N.Pers. Seas.Fl.  HyperSaline - LLENSY- 1646600
Lacustrine Litoral Emergent N.Pers. SeP.Fl. Mixosaline - LLENLX- 42100
Lacustrine Litoral Emergent N.Pers. SeP.Fl. HyperSaline - LLENLY- 27100
Lacustrine Litoral Emergent N.Pers. Temp.Fl. Mixosaline - LLENTX- 8700
Lacustrine Litoral Emergent N.Pers. Int.F1. HyperSaline - LLENIY- 1373600
Lacustrine Litoral Emergent Persistent  Seas.Fl.  Mixosaline - LLEPSX- 2079900
Lacustrine Litoral Emergent Persistent  Seas.Fl.  HyperSaline - LLEPSY- 1111000
Lacustrine Litoral Emergent Persistent  Seas.Fl.  HyperSaline  Diked LLEPSYD 45700
Lacustrine Litoral Emergent Persistent  SeP.FL Mixosaline - LLEPLX- 493000
Lacustrine Litoral Emergent Persistent  Int.FL HyperSaline - LLEPIY- 2784400
Lacustrine Litoral Emergent Persistent  Int.FL HyperSaline  Diked LLEPIYD 116100
Lacustrine Litoral W.Surf. Salt crust Seas.F1.  Mixosaline - LLOASX- 493100
Lacustrine Litoral W.Surf. Salt crust Seas.Fl.  HyperSaline - LLOASY- 39286400
Lacustrine Litoral W.Surf. Salt crust Seas.Fl.  HyperSaline  Diked LLOASYD 1965900
Lacustrine Litoral W.Surf. Salt crust Per.FL HyperSaline - LLOAPY- 9303700
Lacustrine Litoral W.Surf. Salt crust Per.FL Mixosaline - LLOAPX- 119100
Lacustrine Litoral W.Surf.  Salt crust SeP.FL Mixosaline - LLOALX- 4002300
Lacustrine Litoral W.Surf. Salt crust SeP.Fl. Hypersaline - LLOALY- 110330000
Lacustrine Litoral W.Surf. Salt crust Int.F1. HyperSaline - LLOAIY- 43633800
Lacustrine Litoral W.Surf. Mud SeP.Fl. Mixosaline - LLOMLX- 3880900
Lacustrine Litoral W.Surf. Mud SeP.Fl. HyperSaline - LLOMLY- 1232800
Lacustrine Litoral W.Surf. Mud Per.Fl. HyperSaline - LLOMPY- 1008000
Lacustrine Litoral W.Surf. Mud Per.FL Mixosaline - LLOMPX- 488600
Lacustrine Litoral W.Surf. Mud Seas.Fl. Mixosaline - LLOMSX- 83200
Lacustrine Litoral N.Veg. Salt crust Seas.Fl.  Mixosaline - LLSASX- 3032000
Lacustrine Litoral N.Veg. Salt crust Seas.Fl. ~ HyperSaline - LLSASY- 3741800
Lacustrine Litoral N.Veg. Salt crust Seas.Fl.  HyperSaline  Diked LLSASYD 128400
Lacustrine Litoral N.Veg. Salt crust Temp.Fl. Mixosaline - LLSATX- 11100
Lacustrine Litoral N.Veg. Salt crust SeP.Fl. Mixosaline - LLSALX- 165200
Lacustrine Litoral N.Veg. Salt crust SeP.Fl. HyperSaline - LLSALY- 96900
Lacustrine Litoral N.Veg. Salt crust Int.F1. HyperSaline - LLSAIY- 12144200
Lacustrine Litoral N.Veg. Salt crust  Int.FL HyperSaline  Diked LLSAIYD 204200
Lacustrine Limnetic =~ W.Surf. Salt crust Per.FL HyperSaline - LMOAPY- 10989400

N.Veg: Non-vegetated; N.Pers.: Nonpersistent; W.Surf.: Water surface; Seas.Fl.: Seasonally flooded; Temp.Fl.:
Temporarily flooded; Int.F1.: Intermitently flooded; SeP.Fl.: Semi-permanently; Per.Fl.: Permanently flooded

St @il obye slagise )0 52 dilee VB 0 oS5 ple ol glaolis lagh onl sleasdl
o ;‘ ‘50 9 | od.:Lwy é@ Mﬁ) ‘) Sk C.’a»: ol QL"“" ).i:b OMB)J UYL Ml)y‘)l{,o UYL kaLi““‘")

Environment and Water Engineering Ol wiige 3 e jlaie é@
Vol. 9, No. 4, 2023 VEY fliae) oF o)leds A oyge A

EWE


SAMSUNG
Typewritten text
461


7Y

\f*\’ &O‘)&o.b 5)5.'ULA)

S o ol axl e 90 lrolKing ;) cusle a5 ol
s )ls ghlen b (S gl 5 jlays DY ol )
2 &S Jb sl il xSl o ol &R Ue
G5l oSl idu po aibig i bl gile

Byls gedls

Sad s sl il asﬂ olge cudlal o 5 slaasy
3,105 oo oKy 2 (5l g el 00,5 T SLlST, T
oles jle,; oY o Rashidi et al. (2015) awslas o
Lo s,slaS Glages g iz 1) SYE Ggalym a5 ol
CoseS 3 oote D5l ) 5 el a8 F ST g o] S

SSITEeT

e SRS S
% -

i2amEni

o)l OYB sloolKiins j oo gondigyy ands —F S
Fig. 6 Map classified habitat in Maharlu wetland

Myriophyllum 4  Ceratophyllum  demersum
Typhetum 4 Phragmitetum | -, 5 I 4 spicatum
Gl g loo b igliie MlS 5 15,6 £95 51 (Ko a5 ol
s > sloazsly oBays 5 .(Rashidi et al. 2015)
SYB o s oyl ol e bogoly wglas yliy , OYB
Sl (g so) S8l SBlodndyy fw aen olin
Sl )3 g oo chy s (IS faw Dgde (gaies) 50 &S
A ons (5 pn b plaise oy STl slajise o
hoglite Jleas oliap jo 58 QB (BLS ide oS 5
S5 o Slinn ol oS o 5o Iy o e
axl o albe Jlois o a5 s oxss Najas marinocum
o Jed 5 oByb Jed B 0 oy STt
Phragmatis sp. & oS1ye g 00yuS Sibs wazl,o

(MJ)L’) Q’“‘“"?" < uyl.a ).w.: l.ml.> t_'>->)" 30 9 .09 o..\..5|).'

Environment and Water Engineering

w55 ol oby slaoglis fegh cpl sleatily
Sl las Ko eadgh SYU aw b of)lee VB ol
Sotm @b osbye slaise o 52 ol VB o
3 ST g gl sailig (Sod wwg | S mlaw
Seod e sloa¥ il JIolge cilil s sloa¥
I oedas o8y 1 63l 5 el 03,8 Tz LalS T, ]
ol sle,; oYB o Rashidi et al. (2015) awslis o
L o5olaS sbages g ol 1) VB (gelyy a5 sl
kS 33 e gl ol 5 il 43 T g o] S
S (oo olml 4zl y0 g0 slrolKinj coale iy g O
s )le ghlen b () gl 5 jlays VB ol )
2 a8 ool (Wl 650 e ol (S s
GrSl bl Gigu po abib i Ll glle
0k) OLLS <S5 (S5UsS et g)(qp 3,10 (o3l

Nymphaea alba Rorippa amphibian — Jols

ol owiiges 5 S jlane

Vol. 9, No. 4, 2023

[

EWE

\Fe¥ QL\.«»A) Ay O)Lou:) A 0,99


SAMSUNG
Typewritten text
462


\fal

Slee VB 2l (san00,

3 G g gl A 50 Koo (slai ded (A 90

Weree e m? b oglloe oV ol (058,55 Y
2048 el coulodass of w25, b azl o aile jo colue
ke U 5l glodad 5t ;o gl Sk b glals
il g (Sod atgy ol s 59308 T Ol 5585 00

5 oihoaes £95 5l )T Aty (0 5 S ) 5 50 VB ol @3, -
c\)l...n).)Le‘...vé)ju—lw‘ olfd.volfl) GLaébb)é u).é).)

Lg),.i:lbc
}?3 w‘ \“%A%‘f“ l’Il

)\buyb ksts))g}")"g)"“" w“so.)‘ocss)c
u‘ oJ.I......S a5 Al odud L;‘”b
Sl b laad aes 45 agad les gla JlucSis o

RPN

Srassl> ol (Sad atwgy YU Lol sy s -F
S Son o 0 VB 699y i )0 Ll (LS
«P-EPTX- ¢P-EPSX- sloanlis b olaile ool ;
O Colus ggazme a5 ol 2 P-ENTX- «P-ENSX-
25> g Jled 4l ,0 o] s .l Yo YYOA - m?
0y ggozme 4 LLE (glaanliss o b oasSTy (slaog,S

Ogd g0 0398 Ve YOV - o m?

5 ol 8L olfius; FY YU JolS aigy jo -0
3 oe ole ol oyl R T PR R (L Wi Eie
Sel bjlal ey olS pog b olwbe o
m’ o8 b (P-EPSX-)  jshaiSaiz 5)5h 5 b
oyuS b (P-EPTX) j5iaisSaiz (5,08 51,35 (55l
Jus (BLS ide b gluls glazlys Yags e m?

LLEPSX-) jsiaisSaiz 5,58 5 had 5,50l bk
g FAY e Ve VAA e m? 0,2 L (

slcasgaze Sl azl s (9995 sl 5l 6,0 paiges
i s g el Tl b jid ol g g onl Lol
ool Clag 3l sidn b winy o0 YU 4 a5 Hlaog, O
ol 08 leds | e cnl Gy e et S
Cupde §lp &S Sl glagiagh I iass A Ghegy
Colns; cul p3¥ il 555,00 VU 5l cblas
5 cblas

ab op ool i g wed ol eles

Environment and Water Engineering

ol slbal wslio o (Nezakati et al. 2010) oo

shlees O9alm 5 09,9 50 (BLS Sidgy a5 Sl (LA hagy
Ol 3l FeS s
OBl YU laadly el 5l e VB 20 (0 35S )5
Shwo oo b anglin o YU (pl aS sl sols lid
7S 9 Sl 5 aule go5 5l (B0l s S el wglais
olee yoms SB- 2L Ll Gl sl a8 el (S 23L L
5 4SS QLS g5 5l 5 ol LS Ghis o)l gl
OBl laeseS o pasive Jdsr il (A5 ey
5 5 BEols Y wlels S35 (ggms 3l o 3] dunglin
Oslite ol los (sailols 93 o L Ll a5 (s S lids oo

ALy Q] LsL:ac\Jl.aL...»ﬁ)‘ 9 Sblw O:’.‘ 90 o)fl el
IS or @it b aS wib ons sy lals 5 Ghgol
gy ol 0 @ iy Sareg oo Jlyen 5l lke
Sl y0 a8 b p0 sl ol a8 ST g5 5l Bols
Sl Sinogi Buys jlols 1) (S (nl (S5 o s
s 2l gloeg S ann (ol VB o 55 O (555
5 odlg (llagaSe (lla s (llagie (lasSl
S 9 &S «(Mohseni et al. 2015) o oass o ,sle
Sl Y o iyl ol o Ll el ol,s claos¥b
Slo¥b (Shy odlusmle g GllgSe 095 90 o
ol SYU sloolSins j oo co ylid a5 s &b ¢ gy

Sl 6ol (Fe5LeS Bels D>

S S dzmai ¥
545 el o pF (GELs) OB asbialis ags
I, badg, ¢ colis 1) o, QT SeSa lei oo ous]
Syt |) azg (5 5lopgy (ol 5l 6)lo pasdi 0,5 25
cblax wojls g lid jo a5 wileS oo LY 5 asws ]
Silocm b g plelid Giagh (nl s Wbl b
AL gl 9 Do h9,% 9yl YU 55LsS (sleolKiny
o BLS b (ewliiol glearuils ST L gyl
s & oo cnl ol sloasdl g o1 50 508 5 S

ot sl 5 laile aiboles o gl YL OT (5555 )
$39y9 oot 5 conl jsbaigSaia glazl s wlle )¢
ol el ol ol e gl (op i Ol plaal

U‘L?“WBW)M

Vol. 9, No. 4, 2023

[

EWE

VF.Y uLs.w.a)‘f o) Lois A 0,99


SAMSUNG
Typewritten text
463


\fai

\f"l ‘u‘)mj)j‘uu)

odld dy  cw yiwsd
oads &Sl allas ey imghy cpl Ho ouds oolaiwl slaosls

OB S o3 23l SLAT
3l oLy 43S zn (S W5 lo o pdlel dllin cpl B aus
e dlie ol lasl b g Sasses balaly jo

References

Asadollahi, Z., Danekar, A., & Asadollahi, Z
(2012). Conservation zoning of Chaghakhor
wetland  through  spatial ~ multi-criteria
evaluation. Wetland Ecobio., 4(13), 35-47. [In
Persian].

Ataol, M., & Onmus, O. (2021). Wetland loss in
Turkey over a hundred years: implications for
conservation and management, FEcosyst.
Health  Sustain, 7(1), 1930587, DOI:
10.1080/20964129.2021.1930587.

Cap-Net (2007). Integrated water resources
management. Available online at:
http://www.cap-net.org/tutorialiwrm/ 1-
iwrm/iwrm-1-2. Accessed 15, August 2020.

Farinha, J. C., Costa, L. T., Zalidis, G.,
Mantzavelas, A., Fitka, E., Hecker, N., &
Tomas Vives, P. (1996). Mediterranian
wetland inventory: habitat description system.
MedWet/Instituto da Conservacao da Natureza
/ Wetlands International. Volume III. UK. 87

pp-

Jamshidi Zanjani, A., & Saeedi, M. (2014). Metals
Pollution Assessment of Surface Sediment in
Anzali Wetland and Their Quality Zonation. J.
Environ.  Stud., 39(4), 157-170. doi:
10.22059/jes.2014.36469. [In Persian].

Jawad, L. A. (2021). Southern Iraq's marshes:
their environment and conservation. Springer
Switzerland. DOI:10.1007/978-3-030-66238-
7.

Kent, M. (2011). Vegetation description and data
analysis: A practical approach, 2™ Edition.
Wiley-Blackwell, 428 pp.

Environment and Water Engineering

ol amil as 0,5 00l asin (idu o slagaiadlys
YU 51l (J=) )lope e 9 cbla> (o jiaghy

RPN

‘5)|}£ka~:
—\Y—&~—\’\° c)La.wﬁb as w‘ ;..M.Q 5).> L Ioe] U")‘)f u.!‘
=95 9 u:’)'ﬁ*’] Olades lejle ;o AAAVA--A
Gyl Cblas IS oylol 5l ai, cld 4 (g,5leS

(LolAFIF - [FFYD) imghs ool anjs puel (slp Loyld

D9 oo (8,5l

MedWet. (2017). Wetlands sentinels in the
Maghreb. Mediterranean wetland projects,
Available online at:
https://medwet.org/medwetcsonetwork/.
Accessed: August 03, 2019.

MedWet. (2020a). Waman Sebou: Managing
water resources in Morocco (the Sebou river
basin). Mediterranean wetland projects,
Available online at:
https://medwet.org/medwetcsonetwork/.
Accessed August 03, 2019.

MedWet. (2020b). Ulcinj Salina (Montenegro)
protecting, restoring and conserving a key
wetland for nature and people. Available
online at:
https://medwet.org/medwetcsonetwork/
Accessed August 03, 2019.

MEMR. (2012). Kenya wetlands Atlas, Ministry
of Environment and Mineral Resources,
Kenya. ISBN: 978-9966-21-178-1. 150 pp.

Mesbabh, S. H., & Amidi, J. (2006). Estimating the
annual sedimentation rate of Maharlu Lake
using cs137. Abstract book of the National
Erosion and Sedimentation Conference,
Tehran, Iran [In Persian].

Mesbah, S. H. (2011). Investigating the deposits
of Maharlu Lake. Final report of the research
project. Agricultural Research, Education and
Extension Organization of Iran 39711. 67 pp.
[In Persian].

Mohseni, F., Alimizadeh, H., & Changizi, F.
(2015). Surveying and analyzing the Shadegan
wetland ecosystem using the MedWet model.
The First National Conference on Natural

u‘wd‘.‘.@{ojw).{a_m

Vol. 9, No. 4, 2023

12

EWE

VF.Y uLs.w.a)af [3) Lois A 0,99


https://doi.org/10.1080/20964129.2021.1930587
https://doi.org/10.22059/jes.2014.36469
https://doi.org/10.1007/978-3-030-66238-7
https://doi.org/10.1007/978-3-030-66238-7
https://medwet.org/medwetcsonetwork/
https://medwet.org/medwetcsonetwork/
SAMSUNG
Typewritten text
464


70

Slee VB 2l (san00,

Environment, Rasht, Iran. Available online at:
https://civilica.com/doc/490351.  Accessed:
December 25, 2020 [In Persian].

NCKRS (National Center for Karst Research and
Studies). (1995). Hydrogeology of Maharlu
area. The final report of the comprehensive
studies of Maharlu area. 112 pp. [in Persian].

Nawaz, R., Dehlavi, A. and Bajwa, N. (2018).
Indus river basin wetlands. In: Finlayson, C.,
Milton, G., Prentice, R. and Davidson, N. (eds)
The wetland book. Springer, Dordrecht. DOI:
10.1007/978-94-007-4001-3 219.

Nezakati, R., Haeripour, S. and Malmasi, S.
(2010). Guidelines for zoning wetland habitats
based on the MedWet system. Dayere ye Sabz
Publications, Tehran, Iran. 105 pp. [in
Persian].

Pakparvar, M., Mesbah, S. H., Ghahari, G., Samii,
M., Abbasi, A., Keshavarzi, H., Enayati, K., &
Kooshafar, S. (2021). Monitoring the drying
process of Maharlu wetland and their role in
dust production. (Final report of the research
project). Agricultural Research, Education and
Extension Organization of Iran. 104 pp. [in
Persian].

Ramsar Convention Secretariat. (2010). Wise use
of wetlands: Concepts and approaches for the
wise use of wetlands. Ramsar handbooks for
the wise use of wetlands, 4th edition, Vol. 1.
Ramsar Convention Secretariat, Gland,
Switzerland. Available online at:
http://www.ramsar.org/pdf/lib/hbk4-01.pdf.
Accessed: August 03, 2020.

Rashidi A., Feghhi, J., Sharifi, M., & Bayat, M.
(2015). Evaluation and mapping of Zaribar
wetland using MedWet classification system.
The first national conference on the protection
and restoration of wetlands and lakes with an
emphasis on Zarivar Lake, Marivan, Sanandaj
Branch, Islamic Azad University [in Persian].

Rechinger, K. H. (Ed). (2021). Flora Iranica: Flora
des iranischen Hochlandes und der
umrahmenden  Gebirge, Vols. 1-178.
Akademische Druck- U Verlagsanstalt, Graz.
Austria

Samiei, M., Ghazavi, R., Pakparvar, M., & Vali
A. A. (2017). The Effect of climate change on
Maharlu lake level change using satellite

Environment and Water Engineering

image processing. J. RS GIS Nat. Resour.,
8(1), 1-18. [in Persian].

Seddighi, E. (1999). Investigating the geological
pollution and sewage entering the water of
Shiraz Khosk River and Maharlu lake with
emphasis on heavy metal pollution.
Dissertation. University of Shiraz. 138 pp.

Sepehr, M., Jamalzad-Fallah, F., Jamalzadeh, H.,
Shabani, R., & Karamirad, S. (2018). Zoning
and Determining Ecological Sensitivity of
Coastal Zones in Rudsar for Identifying
Sensitive Coastal-Marine Areas. Wetland
Ecobio., 10 (3), 13-36. [In Persian].

Sharifi, F. (2015). Atlas of watersheds of Iran.
Agricultural  Research, Education and
Extension Organization of Iran. 0142929915.
[In Persian].

USDA (United States Department of Agriculture,
Natural Resources Conservation Service).
(2018). Field indicators of hydric soils in the
United States, Version 8.2. Vasilas, L. M.,
Hurt, G. W. and Berkowitz, J. F. (eds.). USDA,
NRCS, in cooperation with the National
Technical Committee for Hydric Soils.

USGS (United States Geological Survey). (2020).

Earth  explorer. Available online at:
https://earthexplorer.usgs.gov. Accessed 5,
May 2020.

Zahirian, A., Padash, A., Jozi, S. A., Zamanpoore,
M., & Nabavi, S. M. B. (2012). Wetland
zoning to establish land conservation using
MCE method (Case study: Parishan wetland,
Iran). Adv. Environ. Bio, 6(3), 931-939.

Zalidis, G., Fitoka, E. N., & Mantzavelas, A. L.
(1997). Habitat inventory on two greek
wetlands. Wetland., 17(4), 439—446. DOI:
10.1007/BF03161509.

Zamanpoore, M., Mesbah, H., Hosseinie-
Marandi, H., Ghahari, G., Hatami, A.,
Zahirian, A., & Hasanshahi, H. (2019a). Rapid
assessment of biodiversity for Maharlu Salt
Lake. Agricultural Research, Education and
Extension Organization of Iran. 54545. 140 pp.
[in Persian].

Zamnapoore, M., Ghaed-Abdi, M., & Ahmadi, N
(2019b) Chemical and physical properties of
Mabharlu Salt Lake prior to an extensive

u‘wd‘.‘.@{ojw).{aﬂm

Vol. 9, No. 4, 2023

12

EWE

VF.Y uLs.w.a)af [3) Lois A 0,99


https://doi.org/10.1007/978-94-007-4001-3_219
https://doi.org/10.1007/BF03161509
SAMSUNG
Typewritten text
465


\tzd VEY oL es g 59000k

drought. Ecopersia. 7(1). 59-67. DOIL:
20.1001.1.23222700.2019.7.1.6.8

How to cite this paper:
Zamanpoore, M., Pakparvar, M., Hatami, A. and Zahirian, A. (2023). Habitat Classification of Maharlu

Wetland Using MedWet Classification System. Environ. Water Eng., 9(3), 449-466. DOL:
10.22034/ewe.2022.360015.1804

Environment and Water Engineering Ol wiige 3 e jlaie @
Vol. 9, No. 4, 2023 VEY Gl oF o,leds 4 090 .

EWE


http://dorl.net/dor/20.1001.1.23222700.2019.7.1.6.8
https://doi.org/10.22034/ewe.2022.360015.1804
SAMSUNG
Typewritten text
466


Environ. Water Eng., 2023, 9(4), 467-484

DOI: 10.22034/EWE.2023.376058.1832

i

7

EWE

Environment and Water Engineering

Homepage: www.jewe.ir

Research Paper

Dynamic Analysis of Hydrological Drought using Constant
Threshold Method and Vensim Software

Monir Alishahi Chegeni!, Shahla Paimozd?* and Mahdi Rahimi®

'M.Sc. Alumni, Department of Water Engineering, College of Agriculture and Environment, Arak

University, Arak, Iran

2Assist. Professor, Department of Water Engineering, College of Agriculture and Environment, Arak

University, Arak, Iran

3M.Sc. Alumni, Department of Irrigation & Reclamation Engineering, Tehran University, Karaj, Iran

Article information

Abstract

Received: December 10, 2022
Revised: January 14, 2023
Accepted:  January 14, 2023

Keywords:
Drought Duration
Drought Volume
Frequency Analysis
System Thinking

*Corresponding author:
s-paimozd@araku.ac.ir

This study aimed to present a dynamic simulation of hydrological drought
using Vensim and the constant threshold level method in the Dorud-
Borujerd basin in the 1991-2019 period. First, the threshold levels were
estimated, and then the drought duration and volume were quantified. Next,
the frequency of the highest duration and volume values was analyzed to
determine the return periods. While confirming the superiority of the
systems thinking approach, the results showed that the highest drought
duration figures were 229 and 123 days, respectively, at the 70 and 90%
threshold levels of the flow duration curve in the Bitun station. Tire station
recorded 21.320 and 38.47 MCM for 70% and 90% threshold levels,
respectively, which were the largest figures for drought volume. The
frequency analysis of these figures obtained from dynamic simulation
showed that the drought duration and volume will have a return period of
25 and 8 years and 4 and 14 years, respectively, at 70% and 90% threshold
levels. Moreover, 2012 and 2015 were very dry years in terms of both
duration and volume. Therefore, drought episodes have been occurring in
the Dorud-Borujerd basin for many years and will continue with more
intensity in the future.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).
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Introduction

complex system, focusing on feedback loops and

The drought recurrence, continued dry days, and
falling surface water resource levels affect the
management of water resource systems.
Investigating the drop in river water level due to
hydrological  drought and  implementing
preventive measures require a thorough
understanding of the complex systems of water
resources and their behavior over time. The
dynamic approach explores the behaviors of a
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nonlinear effects. Therefore, considering the
importance of factors such as the duration of dry,
the volume of hydrological drought, and their
role in water resources management and
planning, this study conducted a simulation of
hydrological drought in the Dorud-Borujerd
basin using constant threshold level in the
Vensim environment within the 1991-2019
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Material and Methods

Dorud-Borujerd basin is located in Lorestan
province, covering an area of 2546 km? in the
northernmost part of the Great Karun Watershed.
Tire is one of the rivers flowing in this basin,
which constitutes the basin’s surface water
resource together with Bitunn, Rahim Abad, and
Mohammad Haji rivers. In the first step, the
discharge levels of these rivers were evaluated in
their respective stations in terms of homogeneity
and accuracy. To start the simulation, the daily
discharges were listed in a descending order. The
probability of their occurrence was calculated
and the Q7 and Qg threshold values were
estimated by drawing the flow duration curve in
Vensim Software. Then, the model calculated the
number of dry days (drought duration) after
comparing the threshold level and the daily
discharges of all the stations, which were fed to
the model through the flow variable. In this
stage, the model created a counter using the
delay variable, which aggregates the number of
dry days during the defined periods using the
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stock variable. The drought volume is calculated
by comparing the values of discharge threshold
and daily discharge, and if necessary the
aggregation and volume of drought during the
period under study. In the next step, small
droughts were eliminated using the Internal
Criterion method. Then the initial model output
which included the threshold levels, drought
duration, and drought volume during the
predefined periods was reviewed by the model
and the maximum drought volume and duration
were calculated. Easyfit was used to determine
the best probability distribution and return period
for the maximum drought duration and volume.

Results

By comparing the threshold and daily discharge
values, the number of dry days was extracted as
the basis for calculating the drought duration in
the research periods. Fig. 1 shows the annual
drought duration at the Q70 and Qoo thresholds in
all stations of the region.

H Bitun
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Time (Year)
Fig. 1 Discharge drought duration in the study area stations at (a) 70% and (b) 90% of the flow duration curve

As shown above, the region shows similar
behavior throughout the simulation period at 70
and 90% discharge threshold levels under the
flow duration curve. In Fig. 1a, at the 70% of the
flow duration curve, the Bitun station recorded
229 days of drought in the region in 2001, which
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is higher than the values recorded by all stations
throughout the research period. According to Fig.
1, in the entire period, the drought duration is
70% less than the threshold level, which is due to
the lower discharge values at the 90% threshold
level. According to Fig. 1b, the Bitun station
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recorded the longest drought duration in the 90%
threshold with 123 dry days in 2012. This is
because of the lower amount of flow passing
through this station compared to other stations in
the region.

The highest drought volume values at the 70%
level were recorded in the 1999-2002 and 2012-
2015 periods. In 2014, Tire experienced a 198-
day drought with the highest recorded drought
volume of 21.320 (MCM). The highest drought
volume values at the 90% level were recorded in
Tire followed by the Rahim Abad station. The
discharge showed smaller volumes in about 60%
periods in Tire station, which affects the slope of
this station's flow duration curve. Therefore, the
70 and 90% thresholds show higher figures than
those in periods with lower and similar discharge
trends throughout the whole period. As a result,
droughts will occur with a higher volume and in
shorter periods. The same can be seen in Rahim
Abad and Mohammad Haji stations, respectively,
with the same trend and less intensity. Regarding
the Bitun station, the lowest and highest
discharge were being repeated with fewer
fluctuations throughout the period. Therefore, the
discharge figures of the 70 and 90% threshold
levels are closer to those of the entire period with
higher duration and less drought volume.

The results of the frequency analysis showed that
the highest drought duration at the 70 and 90%
levels belonged to the Bitun and Rahim Abad
stations, respectively, with 151 and 116 days.
The return period of these drought events is 9
and 5 years, respectively. Regarding the drought
volume, the highest deficiency at the 70 and 90%
levels belonged to the flow of the Tire station at

Environment and Water Engineering

198.3 (m%/s) and 44.53 (m’/s), respectively. At
these levels, the return period of these drought
events is 12 and 4 years.

Conclusions

In most of the years, short but continued
droughts have occurred in the Dorud-Borujerd
basin. The highest duration values were recorded
at the Bitun station, indicating the greatest
drought duration. Therefore, in similar climates
within the Dorud-Borujerd basin, shallow rivers
experience droughts with higher duration and
smaller volumes. Tire station showed the highest
drought volume. The drought duration and
volume cannot be the same simultaneously
considering the changes in the slope of the flow
duration curve due to different fluctuations in
each station. This region has completely different
climates susceptible to drought. Therefore, the
drought volume (magnitude) will involve short
periods in high-discharge tributaries
experiencing hydrological drought in basins with
different climates. The return period of the
maximum drought duration and volume in
Dorud-Borujerd basin was at least one year. In
addition, the high-discharge river of Tire will
show signs of hydrological drought through
reduced volume at least once every four years.

Data Availability
The data used in this research are presented in
the paper.
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Table 1 Specifications of the hydrometric stations of Dorud-Borujerd basin

Station River Height (m) Latitude Longitude
Biatun Biatun 1620 33°42' 00" 48° 58" 47"
Tire Tire 1450 33228 11" 49° 03' 36"
Mohamad Haji Absardeh 1570 33°43' 47" 48°45' 00"
Rahim Abad Silakhor 1490 33° 46' 48" 48° 47" 59"
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Table 3 The maximum and minimum annual
discharge values at the stations located in the Dorud-
Borujerd basin

Row Station QmMax Qwmin (M?/s)
(m’/s)
1 Bitun 527 31
Tire 20196 1310
3 Mohamad 3106 444
Haji
4 Rahim Abad 6416 1005
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Fig. 6 Discharge of the drought volume in the study area stations at the 707. of the flow duration curve
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Fig. 7 Discharge of the drought volume in the study area stations at the 907 of the flow duration curve
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Table 4 The most appropriate statistical distribution for each of the annual maximum series of drought volume
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Station Maximum deficiency volume Maximum Drought duration
Q7o Qoo Q7o Qoo
Biaton Gen Extreme value  Gen Pareto Gen Pareto Beta
Tire Gen Extreme value  Gen Pareto Johnson SB Normal
Mohamad Haji Normal Gen Extreme value  Log.logestic Gen Extreme value
Rahim Abad Gen Pareto Gen Pareto Gen Extreme value  Gen Pareto
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Table 5 Frequency analysis results at the threshold of 707. and 907 flow duration curve

Longest Drought Most Severe Drought
Station Max & Min’s Max & Min’s Max and Min’s Max & Min’s
Drought Volume Return Period Drought Duration Return Period
(m%/s) (Years) (Days) (Years)
707. flow duration curve
Bitun 7.10-9.43 1-9 1-151 1-9
Tire 0.39-198.63 1-12 1-134 1-19
Mohamad Haji 2.00-42.66 1-13 1-123 1-25
Rahim Abad 2.32-153.63 1-14 8-148 1-21
907 flow duration curve
Bitun 0.002-0.97 1-4 1-98 1-2
Tire 0.089-44.53 1-4 1-111 1-5
Mohamad Haji 0.013-6.82 1-6 1-86 1-8
Rahim Abad 0.42-20.93 1-4 1-116 1-5
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Abstract

The aim of this study was to simulate the runoff in the upstream of
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model parameters were optimized using the SWAT-CUP optimizer. The
calibration and validation of the model was done using SUFI-2 algorithm
during 1989-2016 and 2016-2018 periods, respectively. The sensitivity
analysis shows that the SCS runoff curve number, Manning’s "n" value for
overland flow, minimum and maximum yearly rate of snowmelt, minimum
water depth in the shallow aquifer for "revap" were sensitive parameters in
flow simulation. The Nash-Sutcliffe and R? values were 0.62 and 0.65 in
the calibration stage, and 0.61 and 0.68 in validation stage, respectively.
The results proved the efficiency of the SWAT in monthly flow simulating.
According to the results, 55% of the total rainfall entering the watershed
has been converted to evapotranspiration, 30% infiltrated into soil and
stored as soil moisture, and 15% converted into surface flow component.
The results provide useful information on watershed water balance. Flow
simulation in different climatic conditions and land-use scenarios in the
future can help to sound water resources management.
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processes. The processes related to the water
cycle have relatively complex relationships, as
well as very extensive and different temporal and
spatial changes. Therefore, the relationship
between hydrologic components and the

Introduction

Heterogeneous spatio-temporal distribution of
fresh water and rapid population growth have
caused issues in water resources management.

Therefore, mathematical models have been
developed to study complex hydrological
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recognition of their temporal-spatial changes in
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different scales, have always been of interest to
managers and researchers, especially in the
watershed scale. Models as important tools
provide the possibility of simulating and
predicting how the water cycle changes in nature
and estimating the components of the water
balance. Hydrological models are used for
planning the sustainable use of water resources.
In addition, through model implementation, it is
possible to evaluate different management
scenarios without spending funds and in a short
time and make the best decision for watershed
management. Simulation models are the latest
approaches to evaluate the environmental effects
of human activities, land use, and climate
changes on watershed response, therefore, the
dynamics of the model can increase the
capacities of the model in modelling purposes.
The SWAT model as a computer-based model
can be considered as one of the possible
solutions to improve the water resource
management and environmental protection,
especially the reduction of the time required for
scenario analysis. The SWAT model as a semi-
physical and semi-distributed hydrological model
is widely used in recent years. The aim of this
study was to simulate the runoff in the upstream
of Chehlgezi hydrometery station in the
Gheshlagh Dam watershed, Kurdistan province,
Iran using SWAT hydrological model. In
addition, the results have been evaluated using
selected efficiency criteria in the calibration and
validation stages, then the performance of the
SWAT model is evaluated in simulating the
monthly runoff in upland of Gheshlagh Dam.

Material and Methods

The Gheshlagh dam watershed is located in
Kurdistan province, northwest Iran, at a 12-km
distance to Sanandaj city. There are 36 villages
in the study area. The predominant land use in
the area is pasture and dry agricultural land. The
surface runoff of this watershed enters the
Gheshlagh dam reservoir through Chehlgezi and
Khalifa Tarkhan rivers. Based on the division of
the country’s comprehensive water plan, this area
is a part of the Sirvan river basin. The area of the
Gheshlagh dam watershed leading to the dam
outlet is 1062.12 km?. Therefore, it is important
to measure the spatial variability in hydrological
components and to know the hydrological
processes of the watershed. The modeling of
large-scale ~ watersheds  causes  different
hydrological responses due to their complexity
and heterogeneity compared to small watersheds.

Environment and Water Engineering

To run the SWAT model, the terrain data, soil,
land use, hydrological and meteorological data of
the study area are needed. These data include
rainfall and minimum and maximum
temperature, relative humidity and wind speed on
a daily time interval. Also, river flow data is
needed for model calibration and validation
which helps to increase simulation accuracy. In
this research, the required information including
soil map, land use and digital elevation model
was received from the General Department of
Natural Resources and Watershed Management
of Kurdistan Province. Regarding the
meteorological data, the daily rainfall data of
three rain gauge stations of Chehlgezi, Khalife
Tarkhan, and Hossein Abad and the temperature
data of Sanandaj synoptic station for the period
of 1987-2018 were obtained from the Regional
Water Company and the website of the
Meteorological Organization of Kurdistan
Province. The input model parameters of SWAT
model were optimized using the SWAT-CUP
optimizer. The calibration and validation of the
model was done using SUFI-2 algorithm during
1989-2016 and 2016-2018 periods, respectively.
The second destructive debris flow happened in
April 2019 through a 122 mm intense rainfall
and thawing of snow. Consequently, check dams
were filled with coarse grain sediments, and the
Sijan stream morphology has notably changed in
forms of erosional and depositional features.
Filed observations indicated the high
performance of check dams to control and
manage flash floods and relevant debris flow and
protect the village from damages.

Results

The sensitivity analysis shows that the SCS
runoff curve number, Manning’s "n" value for
overland flow, minimum and maximum yearly
rate of snowmelt, minimum water depth in the
shallow aquifer for "revap" were sensitive
parameters in flow simulation. The Nash-
Sutcliffe and R? values were 0.62 and 0.65 for
the calibration period and 0.61 and 0.68 for the
validation period, respectively. The results
proved the efficiency of the SWAT in monthly
flow simulating. The results of the uncertainty
test in the period of calibration (1989 to 2016)
and validation (2016 to 2018) of the monthly
runoff at Chehlgezi hydrometric station are
presented in Table 1.
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Table 1 Evaluation criteria of SWAT model for the calibration and validation periods in Chelgazi
hydrometery station

Variable Calibration Validation

Runoff P-factor R-factor R? NS P-factor R-factor R? NS
0.45 0.57 0.65 0.62 0.42 0.65 0.68 0.61

The rainfall and runoff water balance Conclusions

components of Chehlgezi station are shown in
Fig. 1.

60

50
40
30
20

0

Proportion (%)

Stream flow Deep Base flow Surface
/Precip recharge /Prcclpltahon /Total flow runoff /Total
/Precip flow

Water Balance Ratios
Fig. 1 The ratio of precipitation and runoff
components in the water balance of Chelgazi river
gauge station (1987-2018)

According to the results, 55% of the total rainfall
entering the watershed has been converted to
evapo-transpiration, 30% infiltrated into soil and
stored as soil moisture, and 15% converted into
surface flow component (Fig 1). Also, based on
the results, it was found that 54% of the total
runoff generated in the Chehalgezi watershed
was surface runoff and 46% was converted into
base flow (Fig 1). As a concluding remark, the
results of the research indicate that the SWAT
model has the ability to simulate the runoff of
watersheds with complex and heterogeneous
conditions with appropriate accuracy. It should
be noted that the input data with appropriate
accuracy will lead to acceptable results in river
flow modeling and watershed response. Carrying
out the sensitivity analysis and the appropriate
calibration of the model will also have a great
impact on increasing the accuracy of
hydrological modeling.

Environment and Water Engineering

Despite the appropriateness of the values of the
model evaluation criteria in the Gheshlagh Dam
watershed, in some years the simulated flow has
been overestimated or underestimated compared
to the observed flow and the base flow has been
underestimated in some years, while there is no
specific trend in the results. These
inconsistencies between the simulated and
observed flow are related to the complex nature
of the dominant hydrological processes in the
region, as well as human activities and
interventions in the hydrological cycle in the
study area. The results provide useful
information on watershed water balance. The
Gheshlagh dam watershed is of vital importance
in terms of supplying drinking water to the city
of Sanandaj as well as irrigation of the lands
downstream of the dam. Also, the occurrence of
land use change in the study area as well as the
effects of climate change are some of the driving
forces that make it necessary to estimate the
changes in the river regime in this area. Flow
simulation in different climatic conditions and
land-use scenarios in the future can help to sound
water resources management.
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Table 1 Specifications sinopitec, rain gauge and hydrometric stations of the Gheshlagh dam basin

Station Name  Station Type Longitude Latitude Height(m) Sggi)s(tllcal

Sanandaj Sinopitec 47-0 20-35 1373/4 2018-1987
Chelgazi 57-46 27-35 1567 1397-1361
Khalifetarkhan Rain gauge 0-47 29-35 1600 1397-1352
Hossein-Abad 07-47 33-35 1687 1397-1371
Chelgazi Hydrometric 46-57 27-35 1567 1397-1361
Khalifetarkhan 0-47 29-35 1600 1397-1352
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Table 2 The optimum values of the parameters in the simulation of runoff in sub basin Chelgazi

No Parameter Parameter name Lovyer Upper Best
limit limit Values
1 CN2.mgt SCS runoff curve number -0.400  0.400 0.253
2 ALPHA BF.gw  Base flow alpha factor 0.777 0.895 0.826
3 SFTMP.bsn Snowfall temperature 9.05 11.29 10.81
4 SMFMX.bsn Maximum melt rate for snow during year 4.836 6.957 6.003
5 SMFMN.bsn Minimum melt rate for snow during the year 0.048 0.580 0.181
6 GW_DELAY.gw Groundwater delay 261.25  266.69  264.06
7 GW_REVAP.gw Groundwater “revap” coefficient 0.151 0.188 0.171
8 RCHRG DP.gw  Deep aquifer percolation fraction 0.797 0.851 0.823
9 ESCO.bsn Soil evaporation compensation factor 0.773 0.936 0.879
10  SOL K.sol Saturated hydraulic conductivity 0.486 0.528 0.513
11 SOL_AWC.sol Available water capacity of the soil layer 0.153 0.167 0.159
12 GWQMN.gw Threshold depth of water in the shallow aquifer 0.001 0.244 0.200
13 HRU_SLP.hru Average slope steepness -0.788 -0.716 -0.731
14  OV_N.hru Manning's "n" value for overland flow 3.262 5.573 4.379
15  SMTMP.bsn Snow melt base temperature -5.949 -4.550 -5.833
16  PLAPS.sub Precipitation lapse rate 330.96  338.86  337.41
17 SURLAG.bsn Surface runoff lag coefficient 2.731 13.45 11.84
18  SLSUBBSN.hru  Average slope length 68.21 150.78 91.61
19  RFINC.sub Rainfall adjustment 0.92 2.78 2.50
20 REVAPMN.gw }"hresh'f)ld depth of water in the shallow aquifer for 3351 101.48 7769
revap" to occur
21  LAT TTIME.hru Lateral flow travel time 75.31 180.00 115.44
22 CH_S2.rte Average slope of main channel -0.001 6.15 1.94
23 TMPINC.sub Temperature adjustment 0.00 1.16 0.87
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Fig 3. The results of monthly calibration and validation of the runoff in Chelgazi hydrometric station a)
Calibration b) Validation
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Table 3 Evaluation criteria of SWAT model for the calibration and validation periods in Chelgazi
hydrometery station
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Fig. 4 The ratio of precipitation and runoff components in the water balance of Chelgazi river gauge station
(1987-2018)
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Revised: December 20, 2022 important to know the exact path of the jet. In this research, by building two
Accepted: December 21, 2022 laboratory models of different sizes, the ability to exist relationships in
predicting the jet path, length, and coordinates of the jet peak was
Keywords: evaluated. According to the results, Kawakami's relation had better
accuracy in predicting the jet path. The average error percentage of the jet
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Pe?.k Point Kawakami relationships had a good estimate of the jet trajectory length

Ski-Jump along the edge. The error of other relationships in estimating this

characteristic was more than 30%. In predicting the horizontal distance of
the high point of the jet trajectory, the theoretical relationship and the
profile of Kawakami and USBR had an average error of less than 10%.
Theoretical relationships, Kawakami and USBR in estimating the
maximum height of the jet, have an estimate with an error of 23.7, 33.9, and
21.4% and according to the Nash-Sutcliffe criterion, none of these
relationships have been able to get a very good category.
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maintenance of this type of structure has made it
more practical. The purpose of this research is to
evaluate the various relationships related to the
prediction of jet trajectory characteristics, such as
the length of the jet along the water surface and
the edge of the bucket, the height of the jet and
the horizontal distance of the peak from the edge
of the bucket using the experimental data of two
models with different dimensions. In this
research, the accuracy of the relationships has

Introduction

The flow passing through the spillway, especially
during the flood, has the potential to destroy the
river bed due to excess energy. To depreciate this
kinetic energy and reduce its risks, they use
energy dissipiators structures. Flip bucket is one
of the energies dissipiators structures types,
which is of hydraulic engineers’ interest due to
its construction cost compared to other
structures. The ease of operation and
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been investigated and an attempt has been made
to introduce relationships with acceptable
predictions to be used in flip bucket design.

Material and Methods

In this research, the relationships of jet trajectory
prediction and the estimation of its geometric
characteristics are identified and the accuracy of
these relationships is evaluated. The relationships
evaluated in this research were USBR,
Kawakami, Gunko, Taraimovich and Gunko,
Lencastre, Attari, and Elvatorski. In this
research, two laboratory models with different
dimensions were designed and built in the
laboratory. The first laboratory model is made of
galvanized iron cut by CNC with 0.1 mm
precision. The width, height and length of this
model were 50, 45 and 49 cm. The radius of the
bucket is 15 cm and the edge angle is 45 °. The
second laboratory model has a height difference
between the overflow crest and the bottom of the
cup equal to 1.45 m, width 0.35 m, total length
1.94 m, edge angle 30° and bucket radius 0.36 m.
All cuts of this model are made by CNC. The
Bottom of this model is made of 2 mm fiberglass
and the walls are made of 4 mm thick glass. In
both models, grid plates and flow stabilizers are
installed between the inlet of the tank and the
weir to prevent the transfer of water turbulence
to the system. The chute before the bucket in the
first and second models had an angle of 55 and
44° with the horizon. The tests in the first model
1s done for the flow rates of 17.1, 14.8, 10.8, 7.5
and 4.8 1/s and in the second model it is done for
flow rates of 17.7, 15.5, 13.6, 12.9 and 9 I/s. The
Froude number range in these experiments was
from 6.8 to 12.3. The accuracy of relationships
was evaluated based on the statistical criteria of
coefficient of determination, R?>, Mean Squared
Error, MSE, Normalized Mean Square Error,
NMSE, Nash-Sutcliffe Effiency, NSE and Mean
Absolute Percentage Error, MAPE.

Results

In Fig. 1 the observed and calculated jet
trajectory profile is depicted by different
relationships for the maximum and minimum
flow, which are 4.8 and 1.17 1/s in the first model
and 9 and 17.7 1/s in the second model,
respectively. The predicted jet path by the
relations have higher error at low flow rates than
the higher flow rates. R, MAPE and NSE
criteria of the Kawakami relation for predicting
the jet path are 0.99, 28% and 0.98, these values
for the USBR relation are equal to 0.96, 22% and
0.94. MAPE criteria for USBR.
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Fig. 1 Observational and computational profile of the
jet trajectory for the a) first model Q=4.8 1/s b) first
model Q=17.1 I/s ¢) second model Q=9 d) second
model Q=17.7 I/s

Attari and jet theory profile in estimating the
length of the jet trajectory along the downstream
water level and the leve of the lip bucket have
been estimated with an error of less than 10%.
Other relationships did not have a good
prediction of this characteristic. The observed
and calculated values of different relationships
are included in Fig. 2.

MAPE criteria of theoretical relations, USBR,
Kawakami and Attari in estimating these
characteristics is less than 10%. These
relationships are in a very good category
according to the Nash-Sutcliffe criterion.
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MAPE criteria of Kawakami and USBR
(relationships in predicting the horizontal
distance of the peak point was 6 and 7%. This
criterion is equal to 23.7, 34 and 21% in
predicting the height of the peak point of
theoretical relations, Kawakami and USBR.
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Fig. 2 Observational and computational values of the
a) length of the jet trajectory along the downstream
water level and b) lip bucket level.

The range of coefficient in relation to USBR is
announced from 0.85 to 0.9. In different models,
this coefficient can be different or even out of the
declared range, which has caused errors in the
predicted profile and other predicted
characteristics of relationships. The cause of
error in some relationships such as Elvatorski is

Environment and Water Engineering

due to the failure to predict all the influencing
factors in the proposed relationship. Some
relationships have also been experimental and
unique to the studied models. The Attari relation
is based on models made with different sizes in
Iran’s water research center, and in this research,
it had acceptable predictions.

Conclusions
The most important results of the present study
can be expressed as follows:

1. In the -evaluation of the prediction
relationships of the exit jet path, it was found that
in terms of the NSE criterion, the Kawakami
relationship with the NSE criterion of 0.9
compared to the USBR relationship of 0.685 was
able to predict the jet path better.

2. In predicting the length of the jet trajectory
along the downstream water level, theoretical
relationships, USBR and Attari, the MAPE
criteria was less than 10%

3. In estimating the length of the jet trajectory
along the edge of the flip bucket, USBR, Attari
and Kawakami relationships have an MAPE
criteria of about 10%. This criterion has been
more than 25% in other relationships.

4. The average absolute value of the relative
error for theoretical relationships, Kawakami and
USBR in estimating the horizontal distance of
the peak point is less than 10% and in estimating
the peak height, it is 23.7, 33.9 and 21.4%. All
three relationships have a high error in projectile
height estimation, and according to the Nash-
Sutcliffe criterion, none of these relationships
have been able to obtain an acceptable criterion.

Data Availability
The data can be sent on request by the
corresponding author via email.
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Table 2 Statistical criteria related to the evaluation of different methods of estimating the length of the jet
trajectory along the edge of the flip bucket

Relationship name MAPE (%) R? NMSE MSE (m?) NSE

Theorical 10.4 0.984 0.035 0.006 0.965
USBR (1977) 6.9 0.984 0.054 0.009 0.946
Kawakami (1973) 7.4 0.985 0.021 0.003 0.979
Elevatorski (1959) 87.9 0.912 6.095 0.989 -5.095
Gunko (1965) 28.3 0.596 1.195 0.194 -0.195
Taraimovich and Gunko (1980) 35.9 0.013 2.098 0.340 -1.098
Attari (2002) 10.4 0.464 0.035 0.006 0.965
Lencaster (1985) 46.3 0.929 0.770 0.125 0.230
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Table 3 Observational and computational values of peak point coordinates in the first and second models

Xp (M) z,(m)
Model-Q (I/s) Observed Kawakami Theorical USBR Observed Kawakami Theorical USBR
Model1-4.85 L/s 0.219 0.21 0.209 0.19 0.072 0.111 0.105 0.101
Model1-7.51 L/s 0.23 0.25 0.254 0.23 0.089 0.136 0.127 0.125
Model1-10.8 L/s 0.285 0.29 0.286 0.26 0.115 0.156 0.143 0.144
Model1-14.8 L/s 0.318 0.31 0.308 0.285 0.133 0.171 0.155 0.159
Model1-17.1 L/s 0.34 0.32 0.318 0.29 0.143 0.178 0.159 0.166
Model2-9 L/s 0.488 0.465 0.453 0.425 0.118 0.144 0.131 0.126
Model2-12.9 L/s 0.613 0.635 0.622 0.565 0.151 0.193 0.179 0.167
Model2-13.6 L/s 0.638 0.664 0.648 0.605 0.157 0.2 0.187 0.181
Model2-15.5 L/s 0.688 0.725 0.713 0.665 0.166 0.219 0.206 0.198
Model2-17.7 L/s 0.738 0.795 0.78 0.725 0.177 0.239 0.225 0.217
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Fig. 10 Observational and computational values of peak point coordinates in different relationships a) x, and b)
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Received: September 25, 2022 The significant reduction of surface water resources and recent recurrent
Revised: February 09, 2023 droughts have increased the reliance on groundwater sources, leading to a
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different locations in Khanmirza, Lordegan, Borujen, Ardal and Kiar were
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accessible in arid and semi-arid areas with very
little surface water. However, the increase in
population growth and water demand, the rise in
standards of living, and the pollution of water
resources due to the discharge of urban,
industrial, and agricultural sewage and surface
runoff  have  created an  unfavorable

Introduction

Groundwater is considered an essential and
important part of the renewable water ecosystem,
and compared to surface water, it has various
advantages, such as higher quality and lower
levels of pollution. Groundwater is occasionally
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environmental situation and intensified water
resource pollution. It has become very
challenging to achieve rational management and
logical decision-making regarding the quality of
water used in various sectors, including industry,
drinking and agriculture. The industrial sector is
a fundamental element in the development and
improvement of both product quality and societal
health.

The lack of awareness regarding the quality of
groundwater can lead to issues in managing
water resources that could affect the health of
people and hinder development in various
regions. Thus, it is crucial to have knowledge of
groundwater quality, its fluctuations, and to
exercise control over it. Given the recent decline
in rainfall, intermittent droughts, significant
drops in groundwater levels in Lordegan and
Borujen plains, and the increasing use of
groundwater, assessing its quality is vital.
Therefore, the objective of this study is to
evaluate the quality of groundwater for
agricultural, drinking, and industrial purposes in
Khanmirza, Lordegan, Borujen, Ardal, and Kiar
cities of Chahar Mahal and Bakhtiari provinces.

Material and Methods

The province of Chaharmahal and Bakhtiari,
with an area of 16532 km?, is situated between
31° 9" to 32° 48’ north latitude and 49° 28" to
51° 257 east longitude. This province lies in the
central part of the Zagros mountains, between the
foothills of the Darn and Isfahan provinces. It is
bordered by Isfahan province to the north and
east, Khuzestan province to the west, Kahgiluyeh
and Boyer Ahmad to the south, and Lorestan
province to the northwest. This province is a
mountainous region along the Zagros Mountain
range that stretches from the northwest to the
southeast. According to the Amberje method, the
climate of the studied area varies from dry and
cold in Borujen, Ardal, and Kiyar cities to humid
in Lordegan and Khanmirza cities. In this study,
28 well water samples were collected from the
cities of Khanmirza, Lordegan, Borujen, Ardal,
and Kiar between 2020 and 2022 to investigate
changes in groundwater and assess its suitability
for agricultural, drinking, and industrial
purposes. The collected samples were sent to the
laboratory for analysis. The Wilcox diagram was
used to evaluate the suitability of water resources
for agricultural use. This diagram is a commonly
used method for classifying water based on its
agricultural potential. The diagram uses the
horizontal axis to represent water salinity and the

Environment and Water Engineering

vertical axis to represent the sodium absorption
ratio, resulting in 16 classes that describe water
quality based on these two factors. The Schuler
diagram is another standard method for
classifying water quality for drinking purposes,
which allows for checking water quality at
specific points in a desired area. The Schuler
diagram is a semi-logarithmic chart that displays
the concentration of primary ions in
milliequivalents per liter. Calcium, magnesium,
sodium, TDS, TH, chloride, sulfate and
bicarbonate are among the indicators used in this
method to analyze water quality. For chemical
analyses of water samples, the Langelier
Saturation Index (LSI) was used to measure the
tendency of industrial water to form scale or
corrode. To calculate this index, it is necessary to
analyze the parameters of alkalinity, calcium
hardness, total solids, temperature, and pH. The
quality of water, temperature change, or
evaporation can affect the index. To prepare a
map for assessing the groundwater quality of the
region, the study area was drawn in the ArcGIS
10.5 software environment, and the locations of
the 28 sampled wells were determined on the
map. The kriging method and inverse distance
weighting method (IDW) were used to draw
changes in the parameters.

Results

The increasing usage of groundwater and the
necessity of evaluating its quality and suitability
for agricultural, drinking, and industrial purposes
are of great importance. Therefore, this study
aimed to assess the quality of groundwater in the
cities of Khanmirza, Lordegan, Borujen, Ardal,
and Kiar in Chahar Mahal and Bakhtiari
provinces for the aforementioned purposes.
Based on the Wilcox diagram, most of the
samples are categorized as C,S; (slightly saline
and suitable for agriculture) and have good
quality for agricultural use. The samples falling
under the C3S; category (saline and suitable for
agriculture with necessary measures) can also be
used for agriculture with appropriate measures.
According to the Wilcox diagram’s qualitative
classification of water and the frequency of data,
approximately 82.14% of the samples are in the
CyS; and 17.86% are in the C;Siqualitative
range. The qualitative evaluation of water for
drinking purposes according to the Schuler
diagram indicates that small changes in sodium,
chlorine, and sulfate in the studied range will still
fall into the suitable category. Additionally, the
number of dissolved solids and the total hardness
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of the water in the tested samples are classified
into three categories: good, acceptable and

average (Table 1).

Table 1 The percentage of each of Schuler classification classes for drinking purposes in the entire range

SOq4 Cl Na pH TH TDS class
100 100 100 75 46.43 67.86 good
0 0 0 17.86 46.43 25 acceptable
0 0 0 7.14 7.14 7.14 medium
0 0 0 0 0 0 unsuitable
0 0 0 0 0 0 unpleasant
0 0 0 0 0 0 undrinkable

The Langelier index was used in this study to
measure the tendency of the water to sediment or
corrode in industrial applications. A negative
index value indicates corrosive water, while
positive values indicate sedimentary water.
When the value is zero, the water is considered
balanced (stable). The calculated LSI values for
the samples in this study fell within the range of
sedimentary and corrosive. To better understand
the spatial changes in the study area, maps of the
spatial distribution of parameters including EC,
TDS, Na, Cl, TH, SO4 and TDS, as well as the
Langelier index, were created using ArcGIS 10.5
software. Choosing an optimal interpolation
technique, is crucial for accurately estimating the
studied characteristics in unsampled areas or
spatially zoning the target area.

Conclusions

Considering the decrease in rainfall, recent
intermittent droughts, the increase in withdrawal
from groundwater tables, and the significant
reduction in surface water resources, it is
necessary to assess the quality of groundwater,
including its suitability for drinking and other
purposes. In this study, the qualitative
assessment of groundwater for agricultural use
was conducted in the Khanmirza, Lordegan,
Borujen, Ardal, and Kiar counties of
Chaharmahal and Bakhtiari provinces. To
achieve this, 28 water samples were collected
from underground sources (wells) in the region
between 2020 and 2022 and subjected to

Environment and Water Engineering

chemical analysis in the laboratory. Interpolation
methods were used to investigate the chemical
characteristics of the groundwater for drinking,
agriculture, and industry uses, and zoning maps
were prepared using the kriging and inverse
distance weighting (IDW) methods. The results
showed that, according to the Wilcox diagram,
most samples fell within the C,S; range,
indicating they are suitable for agricultural use.
Also, according to the Schuler diagram, these
samples are of good quality for drinking
purposes and are suitable for consumption. Based
on the Langelier index, they fall within the range
of sedimentary and corrosive. Geostatistical
studies also demonstrate the superiority of the
Kriging interpolation method in zoning and
estimating the  groundwater's  qualitative
components in the region for most of the
analyzed chemical components. Additionally, the
water's sedimentation ability in the studied
samples is more significant in the southeast and
eastern parts of the study area.

Data Availability
The data can be requested from the
corresponding author via email.
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Table 1 Statistical characteristics of different chemical components

Parameter EC TDS pH Ca Mg Na K HCO;  COs Cl SO4
. pmho/c
unit m ppm - ppm  ppm  ppm  ppm  ppm  ppm  ppm  ppm
The
number of 28 28 28 28 28 28 28 28 28 28 28
samples
Arithmeti
606.1 4293 77 785 219 145 2.1 2893 39 530 33
C mean
Standard o0 53899 035 3401 1113 921 179 1371 5.3 2933 535
deviation
coefficien
tof 470 556 45 434 507 633 821 474 1305 552 1621
Variation
(%)
Maximum 1577 12257 8.7 188 607 352 7.2 7448 156 1164 292
Minimum 264  167.3 7.1 386 7.1 0.2 04 1226 0 145 005
Mode 732 5143 7.8 986 198 209 08 2367 0 458 38
The  ss35 3006 7.8 668 199 148 1.5 2528 03 428 216
middle
Rangeof 415 10584 16 1494 536 350 66 6222 156 1019 292
changes
Skewness 1.8 1.9 0.6 1.8 1.7 0.3 1.5 2 1.1 1.1 4.5
Variance 84630 57115 0.1 1163.6 1239 847 32 18809 263 8602 286

5 M) wjeie (Ca) pelS slacdale SLS 4 (1955
) d.]aa‘) )‘ solazul L» PV ‘S)A> S (Na) (o, S
Na
Mg+Ca

N

Dg 50

SAR =

M
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Table 2 Classification of water in terms of agriculture according to Wilcox criteria

number

Quahty type for use
*in agriculture

SAR Class Description EC Class

Sweet and Harmless

1 C1S1

for use in agriculture

0-10 S; Excellent 0-250 Cq

A little salt is almost

2 3514 C355¢C4S,

suitable for
agriculture

10-18 S, Good 250-750 C,

salt and suitable for

3 €353¢C35,¢C351¢C553¢C1S3

agriculture by
applying the

18-26 S3; Normal 750-2250 C3

necessary measures
Too much salt is

4 C4S3¢C4S1¢CS5¢CyS4¢C3S,4¢C2S,¢C1 S, harmful for
agriculture

26-32 S, Unsuitable 2250-5000 C,
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Table 3 The quality of investigated wells according to the Wilcox diagram

number Point SAR EC  Class Qualty for agriculture

1 Lordegan 0.21 468  C2Si Suitable for agriculture — A little salty

2 Brujen 043 1325 CsS; salt and suitable for agriculture by applying the necessary
measures

3 Brujen 0.3 730 CaSi Suitable for agriculture — A little salty

4 khanmirza 0.02 570 CaSy Suitable for agriculture — A little salty

5 Ardal 0.09 297 GCSu Suitable for agriculture — A little salty

6 Ardal 041 1577 CsSy salt and suitable for agriculture by applying the necessary
measures

7 Ardal 0.24 564  CaSi Suitable for agriculture — A little salty

3 Ardal 038 880 O3S salt and suitable for agriculture by applying the necessary
measures

9 Lordegan 0.17 359 .Sy Suitable for agriculture — A little salty

10 khanmirza 0.61 304 Ca2Sy Suitable for agriculture — A little salty

11 Lordegan 0.4 504  Ca2Sy Suitable for agriculture — A little salty

12 khanmirza 0.5 732 CaSy Suitable for agriculture — A little salty

13 Brujen 0.19 488 C:Si Suitable for agriculture — A little salty

14 Brujen 0.62 350 CSy Suitable for agriculture — A little salty

15 Brujen 0.1 318 CaSy Suitable for agriculture — A little salty

16 Kiar 053 761 CsS salt and suitable for agriculture by applying the necessary
measures

17 Ardal 0.86 543 CaSy Suitable for agriculture — A little salty

18 khanmirza 0.5 732 CaSy Suitable for agriculture — A little salty

19 khanmirza 0.27 715 CaSy Suitable for agriculture — A little salty

20 khanmirza 0.26 535  CaSy Suitable for agriculture — A little salty

21 khanmirza 0.43 548  CaSy Suitable for agriculture — A little salty

22 khanmirza 0.26 559  CaSy Suitable for agriculture — A little salty

23 Lordegan 044 546 C2Si Suitable for agriculture — A little salty

24 Kiar 0.01 350 CSy Suitable for agriculture — A little salty

25 Lordegan 053 750 CsS) salt and suitable for agriculFure by applying the — salty
necessary measures for agriculture

26 Brujen 0.57 641 Ca2S) Suitable for agriculture — A little salty

27 Lordegan 0.81 563  Ca2Sy Suitable for agriculture — A little salty

28 Ardal 0.16 264 (oS Suitable for agriculture — A little salty
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Table 4 Water quality based on total hardness

Number Point TH (total) Temporary hardness Noncarbonate hardness
1 Lordegan 218.85 163.5 55.35
2 Brujen 594.8 523 71.8

3 Brujen 339.87 305.5 34.37
4 khanmirza 260.82 225.5 35.32
5 Ardal 144.98 133.5 11.48
6 Ardal 719.3 636.5 82.8

7 Ardal 264.61 240.5 24.11
8 Ardal 395.43 338.55 56.88
9 Lordegan 171.2 151 20.2
10 khanmirza 199.65 196 3.65
11 Lordegan 233.42 206.5 26.92
12 khanmirza 327.68 202 125.68
13 Brujen 229.2 192 37.2
14 Brujen 169.35 169.35 0

15 Brujen 275.49 237 38.49
16 kiar 323.56 216 107.56
17 Ardal 249.05 249.05 0

18 khanmirza 327.68 202 125.68
19 khanmirza 335.35 292 43.35
20 khanmirza 246.6 171 75.6
21 khanmirza 236.81 214 22.81
22 khanmirza 253.58 214.5 39.08
23 Lordegan 234.87 202 32.87
24 Kiar 167.86 107 60.86
25 Lordegan 324.48 270 54.48
26 Brujen 292.71 250.5 42.21
27 Lordegan 354.49 354.49 0

28 Ardal 125.52 100.5 25.02
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Table 5 The percentage of each of Schuler
classification for drinking purposes in the entire area
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Class TDS TH pH Na ClI SO4 .
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Unsuitable 0 0 0 0 0 0 s owyp 4 Ige et al. (2017) wlowds gamaiws
Unpleasant 0 0 0 0 0 0 Gilaal eln w s sl wilae O le c5e colie
Undrinkable 0o 0 0 0 0 0 SR BT S e
03 6)5‘&“-? ol dges Vo )‘\ oolarwl b 65”&:5 9 o
o Blas glp ol CelS -F Jgan
Table 6 Water quality for industrial use
Number Point pHc pH pH-pHc Water quality for industrial use

1 Lordegan 7.6 7.78 0.18 sedimentation

2 Brujen 6.8 7.82 1.02 sedimentation

3 Brujen 7.2 7.79 0.59 sedimentation

4 khanmirza 7.4 7.91 0.51 sedimentation

5 Ardal 7.08 7.87 0.79 sedimentation

6 Ardal 6.7 7.28 0.58 sedimentation

7 Ardal 7.4 7.38 -0.02 corrosive

8 Ardal 7.1 7.22 0.12 sedimentation

9 Lordegan 7.7 7.83 0.13 sedimentation

10 khanmirza 7.9 7.98 0.08 sedimentation

11 Lordegan 7.5 7.89 0.39 sedimentation

12 khanmirza 7.4 7.26 -0.14 corrosive

13 Brujen 7.584 7.6 0.016 sedimentation

14 Brujen 7.6 7.84 0.24 sedimentation

15 Brujen 7.5 8.79 1.29 sedimentation

16 kiar 7.4 7.84 0.44 sedimentation

17 Ardal 7.3 7.71 0.41 sedimentation

18 khanmirza 7.4 7.26 -0.14 corrosive

19 khanmirza 7.2 7.96 0.76 sedimentation

20 khanmirza 7.7 7.61 -0.09 corrosive

21 khanmirza 7.5 7.99 0.49 sedimentation

22 khanmirza 7.5 7.79 0.29 sedimentation

23 Lordegan 7.6 7.71 0.11 sedimentation

24 Kiar 7.8 7.15 -0.65 corrosive

25 Lordegan 7.6 7.4 -0.2 corrosive

26 Brujen 7.3 791 0.61 sedimentation

27 Lordegan 7 8.32 1.32 sedimentation

28 Ardal 8 7.82 -0.18 corrosive
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This research focused on the application of Support Vector Machine (SVM)
and Boosted Trees (BT) algorithms for simulating precipitation and runoff
in two stations, Akhula and Pole Senikh, in the Tabriz Plain, Iran.
Meteorological and hydrometric data were collected from 24 stations in the
Tabriz watershed, obtained from the Regional Water Company and East
Azerbaijan Meteorological Organization. Precipitation and runoff values
were used as input to the model with a one-day time lag, and monthly
runoff values were estimated and compared with monthly observations
using evaluation criteria. The results showed that for both study periods,
SVM model performed better than BT model for Akhula station, while BT
model performed better than SVM model for Pole Senikh station.
Additionally, the cross-correlation coefficient for the two study periods was
found to be 0.83 and 0.82 for Akhula station, and 0.83 and 0.77 for Pole
Senikh station, respectively. In the time series results, there was no clear
trend in precipitation over the observation period. However, river flows at
the Ahvaz and Pole Senikh stations, particularly after 1995, showed a
significant decline, mainly due to factors such as runoff, agricultural
expansion, and industrial development.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

aims to develop runoff estimation methods by
utilizing longer-term precipitation data and

The statement emphasizes the importance of
estimating runoff resulting from rainfall in order
to effectively plan water resources, especially in
regions with limited hydrometric station
information like East Azarbaijan province in
Iran. To overcome the lack of data, this research

Environment and Water Engineering

statistical modeling techniques. The specific goal
is to simulate the rainfall-runoff process in the
terminal hydrometric stations of Tabriz plain,
Iran using STATISTICA software and create a
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Rainfall-Runoff Modeling

rainfall-runoff model based on Support Vector
Machine and Boosted Tree models.

Material and Methods

The study area is located in the Tabriz plain, East
Azarbaijan province, in northwest Iran. The
Tabriz sub-basin has an area of 5428 km2, with
an average annual rainfall of 230.7 mm and
average daily temperature of 12.1°C. The
research utilized monthly rainfall, average
monthly temperature, and outlet monthly flow
data from two stations in the area, collected from
1976 to 2019. The data was divided into two
periods: 1976-1994 and 1995-2019. The average
rainfall of the Tabriz plain was calculated using a
polygonal method and combined with the
discharge from Akhula and Pole Senikh stations
with a one-day time lag. Two models, Support
Vector Machine (SVM) and Boosted Trees (BT),
were used to simulate rainfall-runoff, with the
data split into 70% for training and 30% for
validation. Different combinations of runoff and
rainfall inputs were evaluated, and the best-
performing combinations were selected. The
models were evaluated using statistical metrics
including RMSE, correlation coefficient (r),

coefficient of determination (R2), and Nash-
Sutcliffe Efficiency Coefficient (NSE). Thiessen
polygons were used to define rainfall polygons,
weighting rainfall based on the covered surface
area. Support Vector Machines are data mining
algorithms used for classification and regression
tasks. The mentioned statistical metrics were
employed to evaluate and compare the efficiency
of the models in this research.

Results

Table 1 provides rainfall and runoff statistics
(average, minimum, maximum) for Akhula and
Pole Senikh stations in two study periods: the
first period (1976-1994) and the second period
(1995-2019). The analysis of the time series data
indicates that there is no clear trend in rainfall for
both stations, with some years showing an
increasing trend and others showing a decreasing
trend. However, in the second study period, a
downward trend in outflow from both stations is
observed, indicating a significant decrease in
recent years. This decline in outflow raises
concerns about the declining water level in Lake
Urmia.

Table 1 Statistical parameters of the rainfall and runoff data during 1976-1994 and (1995-2019)

Entire data

Station Parameter 1976-1994 Training set Test set
(1995-2019)
P (mm/month) Q (m’/s) BT SVM BT SVM
21.97 11.74 11.32 10.46 11.13 11.90
Mean (22.40) (5.07) (4.53) (5.73) (5.97) (3.38)
Akhula Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum (0.81) (0.00) (0.00) (0.00) (0.00) (0.00)
74.31 92.50 76.85 76.85 53.85 75.48
(77.66) (47.47) (47.47) 47.47) (41.65) (36.15)
18.97 (8'22) 0.85 0.86 0.93 0.91
M (20.39) O. 00 (4.53) (0.54) (0.51) (0.41)
ean .
Pole senikh ~ Minimum 0.00 (0.00) 0.00 0.00 0.00 0.00
Maximum (0.00) (0.00) (0.00) (0.00) (0.00)
61.38 163 3.63 3.86 3.86 3.70
(81.25) (3: 55) (3.55) (2.73) (2.21) (2.23)

Based on the table, it is evident that in both
sections, the Akhula station has the highest
average rainfall and runoff values, while the Pole
Senikh station has the lowest average rainfall and
runoff values. Since the selected data for the two
training sets differ for each model, it is expected
that the statistical parameters of these two
models would also differ from each other.

Environment and Water Engineering

Rainfall-runoff modeling using SVM and BT
models

As mentioned, in order to model rainfall-runoff
data using SVM and BT models, part of the data
was used for training and another part was used
for validation. Table 2 shows the values of the
calculated statistical indicators related to the
results of the training and validation section in
both SVM and BT models.
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Table 2 Performance of SVM and BT models in the training and testing sets during 1994-2019

Entire data Cross Correlation R? NSE RMSE
Station (1976-2019) BT SVM BT SVM BT SVM BT SVM
1976-1994
Akhula Train 0.90 0.90 0.82 0.8l 0.81 0.81 6.86 6.59
Test 0.81 0.89 0.65  0.80 0.64 0.72 8.13 8.09
Pole senikh Train 0.84 0.83 0.70  0.69 0.70 0.69 0.45 0.46
Test 0.83 0.82 0.69  0.67 0.69 0.67 0.51 0.54
1995-2019
Akhula Train 0.79 0.83 0.62 0.68 0.62 0.67 423 4.53
Test 0.69 0.75 0.48 0.57 0.47 0.55 6.00 3.65
Pole senikh Train 0.80 0.80 0.65 0.64 0.64 0.64 0.31 0.29
Test 0.77 0.76 0.59 0.58 0.58 0.57 0.35 0.32

The results from Tables 2 indicate that the SVM
model outperformed the BT model in simulating
flow rate and monthly rainfall in Akhula station
during both study periods. Conversely, the BT
model exhibited better performance than the
SVM model in the case of the Pole Senikh
station for the same periods. The test set results
showed that the Cross Correlation values for
Akhula station were 0.89 and 0.75 for the first
and second study periods, respectively.
Similarly, for the Pole Senikh station, the Cross
Correlation values were 0.83 and 0.77.

Conclusions

This research used intelligent artificial neural
network models, specifically Support Vector
Machine (SVM) with kernel function and
Boosted Tree (BT), to estimate monthly runoff in
Akhula and Pole Senikh stations. The models
were trained using rainfall and runoff data with a
one-day time lag as inputs, and the observed
monthly runoff values were used for evaluation.
The results indicated that the SVM model with
kernel function performed better than the BT
model for the Akhula station, while the BT
model performed better for the Pole Senikh
station, in both study periods. The mutual
correlation values for the test sets were 0.89 and
0.75 for Akhula station, and 0.83 and 0.77 for
Pole Senikh station, in the first and second study
periods, respectively. The time series analysis

Environment and Water Engineering

revealed that there was no significant trend in
rainfall for both stations. However, a declining
trend in water flow was observed in Ajichai and
Pole Senikh rivers over a 43-year period,
possibly attributed to water usage in agriculture
and industry. The successful performance of the
machine learning models in simulating rainfall-
runoff suggests their potential applicability in
other stations within the Lake Urmia region.

Acknowledgment

The authors would like to thank the Iran
Meteorological Organization and Regional Water
Company of East Azerbaijan in Iran for
providing access to weather, hydrological, and
agriculture databases of the study area.

Data Availability

The data of this research was obtained from
(Regional Water Company and Meteorological
Organization of FEast Azarbaijan Province),
which can be presented after obtaining
permission from (Regional Water Company and
Meteorological Organization of East Azarbaijan
Province).

Conflicts of interest

The authors of this paper declared no conflict of
interest regarding the authorship or publication
of this article.

u‘wd‘.‘.@{ojw).{a_m

Vol. 9, No. 4, 2023

[P

EWE

\f"l ulMM)cf o) VIR 0)3.5


SAMSUNG
Typewritten text
534


DOI: 10.22034/ewe.2023.366913.1816 OFY-OYY :lorio F o lods A 0,90

ST (owiigeo 3 o jbaazmo é‘i
Homepage: www.jewe.ir

EWE

ISSN: 2476-3683

&9y90 axllae

—oib silw o glp ouliiy ol CB 50 g Lty 510 (blo vy oK1 0 oyl
(39 g Cid 169 590 axdlwo) o_.;mg)
¥ o055 0w 97 LS s pdS Loy FT g 2 Seixe Jaddlgsl ) JuKw s

Q‘).b‘ ‘)"'.)’?"’ s)'.j).a.? olf...’l:..;‘.) ‘dj)jw OM‘Q “T)T GMJJJ.QA 9 (:315 09; 56)*50 69.?!.&..)‘0\
U‘)"‘ ‘).a)...'; ‘).v),..v olKisls 56))5Lm5 IRUSAEY ag,j ‘Sm.,\...ero 9 In)lc 03; UL:...’;’...;‘.bY
L’)‘).b‘ ‘)'.v.),:.’f a)'g).a:) olf...i;.?‘.b ‘dj)jm OML) ngJT ‘SM)W 9 'BBJ.C Os)f ‘gsfS\bLhﬁh-.’ ‘S.va

alio eleMb| ol

VAN edl s &b
DVEY/Yv] i5b gyl Oleie ol cedile wpsfll s st (5550l slagsts, Sl esliul 4y (iassy 0l

[VE-v/-vv#] U“)""‘" é—l)u 9 yﬁ;‘ ol 90 0 Slily; 5 o)k (gilwands g1y (BT)OMW%’ S B(SVM)

) )‘ )Jj.u MP)”) oli....»;‘ Yvf )| ‘5),“05)..\.45 9 G.»Lw‘yb &LDO\)L) R 4.»}‘0).‘ G».».w QJJ
oelS Sl i s e By bS] il wlitlse lojle 5 (gladlane o 5,5

Sl slie e 5 0ab o)y 35 oy b L Jae 4 39,5 Olsiear s, 5 b

Vil aylin oud 08) cpass alale closlive b b3yl sbaylons 51 oslizal by ailale Uy,

s 0,Slee SVM Juw Yol o] (sl canlllas 0,90 90,2 10 a5 sls lis gl .asas
Sy b gilwand @ Sund 5% O 8bes BT Jow i Jy oltas] p3 9 s BT Joo @y S (6550
ile oo foly oSl )3 Gl 0,50 53 (sl ise (Sirad i (igad 3,5 40 SVM Jaa

z2ls )0 ol Cewsdy < IYY 5 < JAY Gy oBoisl g <JAY g < JAY L ol o a4y Vg

1] gm0 0 957 50 iy, (o0 Lol cais sanliw 0,90 Jsb 1o i)k sly sasiin Wy, i Sloj (5
majnooni(@tabrizu.ac.ir oz 3ol 428ls Jo3 SlS wig, OYVE Lo 5l o o5uods duiw Jy o Yol olSis

il e 5 (655LES dnsgs «ll, ils o (20LS sl Lol LYo

doddio —)
Iy Glae cpl a O mlie (acass «lly, b= slassls  Gllg, a4 Jlew! &Yg3 51 g BB ise IS sba
590 Byb 5l (Worland et al. 2018) oS o cpss 51 (SO B od g o)L 5l Jeols Ollg,y 0gd co Joas
(_gﬁfo)’k\j‘ c;l.molo a5 S 6bo)o L Lﬁ—o.c chg_:)L...q J)La.o 9 (g2 c‘_g)’ﬁl.&f ‘_gLa:)’L:J dm ‘_g|).3 le"‘" GL;.Q
Slp B ol bl o ases o o wylaeals AL ol ale olp,ael a5 (g sbay wwal S

Environment and Water Engineering Ol (i g S jlaisme :@
Vol. 9, No. 4, 2023 \Fe¥ ul...m.n) ¥ c)l.o..f.v A 0,99

EWE


https://doi.org/10.22034/ewe.2023.366913.1816
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:majnooni@tabrizu.ac.ir

oYs

VE-V oL e 5 (JuSy

oz dedse sladae ookl b s slaygas
oS el oy plowil s «DUils, -0k Ol St

Dgb oo 0Ll Ll 5 S 4 aslol o
Sblg, b anl$ w,» 4 Ghorbani et al. (2015)
ANN SVM | solinl b slog) adb ol 059> aily,
Syep 5 (WSVMY ol Jlop oaile Szgo o yean
b b, aen lazsls,y (WANN)' ac aSi Soge
Poursalehi et al. (2022) .xsg Joud LB 28s (lyls
s llasi i 5o (hoked S5 55 o Slae
Al g odblas®l OBy Jow 9o b oawslas o gl
(i 2edo AT lssel 6050 adlllas) (e5ran sas
5 oolial b g5loand 5l Jol> gl .ais,S adlas |,
U155 55l ams s s bolas K i,
3,8 plsgul (bl o 515 3lwaned )3 g3k Laws
by a8 )5 plxl adlas opgogaz o
S9lSesls sla Jae 5l eolisl b o £989 Jumnilis (2022)
sl ojem 55 (Bolal Kz g wly ol Jlop oedle
sleosls jo o @l wlal 5 doged byl 1y 638
5 (SVM) 02,550 5o (el sloosls ;o p 5 sordas
SrES @l gl (Bolai Sz tng ph)l Joe
Sladllae o Sasa> o Bigdeli et al. (2023) .ol o

Zarel et al.

ookl b gl 2T ads> Sllyy iyl g3l Jow 955
o |y (Fyas (omas &S0 g Solal S slaus
Glr 2 wop @l o Wasw; and nl 4 w08
Leeetal. o b RF & cos 65V o158 ANN Jows
Sleolainl b oo & Cosls S cn i 51 (2017)
S WS 0 edilg el i )8 5 Solal K> sle Jow
Kz Jow wxl j0 .000,5 eolatwl osix 0,5 (Johew
sl g Gge S5 slapt )Nl sl p Solas
CBs oadlast ci,e Jas 5 JYANA 5 YAIVA
Soa s sl 1, IYVIYE s VYIS i Lie
Hussain et al. (2020) .ol las somaids g g ,S,
oSt o eze wlbhyy, lr Swotn ez

@Wlaiz 9fewn (Fokae (oras 4L slase
ool Sz 5 (SVR) oty o s e 5 (MLP)
aslola el )b w5l slacgemme ileages oolaiwl (RF)
Slyeay Gl bl b alhsy, oby> Sy G

SWavelet Support Vector machine
®Wavelet Artificial Neural Network

Environment and Water Engineering

ol ledbl fo km? 5l 5S> sasg
Slaghy) axwss (nlpl adlce 9290 (5 ey ;0
S bl 5l el (55958 ass> ol sl Slly, ez
o S5 Gl Glacas ;o (5L sleesls el
ol Ol Ol il serse Slly, slaesls
Ulg, slaosls LT M 53,5 5 1y Cadszse
Sl yog uykws Ho Liwl, ol 5o L0ges colatul
Slp wlgige oS corldl lo e plu 5 5L awsy
s 0,5 L3 oolizal 0,00 Olly, ke (55leJos
s Jae (Lorrai and Sechi 1995) wil o (5)552
Al B U Canl oals ools drwgs VAT aae Jlol 51 el
& el Gl Jao S gileans 1) Qllg -8k
e S gileared 1) cosdly 5l a5 Wl
@b oy S8, 0 ,Skes oy pliS il Joe
.(Phomcha et al. 2011) aib o crore olps co
L lly, -k eads asls L2, slaae oS jsba
Os7e0) Sy slus LI sladoe 09,5 55 1 (lsise
g7 ool slaae g (oastie (Sislonee slaoe
S dged Gdliprandi (fohae uas Sl (j57en)
o3 Sag, » (e OgeS) ladse I wae
Sy G sladue M Jo slp eile 650k
diadsgn b os 3 ool b ol onds slomy] SKedS
S lsly, a5 1 bools lee S8 Lls, olsice
Oedle 6550k ogad giledse wdlsas Wil Jo 4y 08
Ol gl anlllas o gloo i jsboay oy sl 9
loJoe alex 3l sl ond oolizal 3 cla s o
e oras il slados @ ol wiadse
o 5 (GEP) o5 ol spyaby (ANN)
co s (SVM) Toleniy oy el osmen
S oeile slaai oS 5, o ylal (BT) fouscysis
dle 653k by, £ 90 0adlusl CS 0 5 Glatiy
Sbcmoin sl Gre sl L & we
Kisi and Parmar ) ouS o colitwl | Se ailfox
o1 Blas 55 SVM (50 glao )5 sl 5 2016
ok glwans sl Dibike et al. (2001) 4 olg o

5 ol 5o ol Sldlhe St Lo,8 o lal Ul

!Artificial Neural Networks
2Gene expression programming
3Support Vector Machine
“Boosted Tree

ol (owdige 5 S jlan

Vol. 9, No. 4, 2023

[

EWE

\f"l QL"""‘A) £ o)Lo..':: A 0)3.5


SAMSUNG
Typewritten text
536


oYYy

Slls =k g 3le o

Wz 4 e e o8l cod o a4 cais slesl
alsS areg)l azbye @ Cules 50 U Wadi oo el 45LS
bl j0 g 0)ls Jsb Y80 km sl> o1 ailsog, 0gi
. (Bigdeli et al. 2023) aisb oo b,> 0 bl 35
Sl 5 AV - km? a3y, opl il oj9> coluw
5 sl 6y » o wilbee FoFomYs o1 oo
ol (G gy g Ls?o.ws_;‘ Oli:.mo.).‘ Y'Y UT Lgl.mwa).w
(V) s b (Aji Chay - Wikipedia) ¢l suis
azlyd 4 e gleolisl 53T g, gyl dalllas
Szl alss) 55y » (G s Vsl o) aes |

A ool sl 5

B s g el il
= g g iy g ke
B sl

[~ . |
i by
(s ). {:_//

- 4 -

_.';F ¥ T gal
o usl)
I IJ |l -]
=R

Ceiw i g Vo1 sloolKi) bl Cosdae -) IS
Fig. 1 Geographical location of Akhula and Pole
Senikh stations

oolaiwl 0,40 gBodIS -Y-Y
(o opl 0 ilw e lp eolatul 5,0 (slaonls
3z @0 5 b ke (o) ailale slaools Jelis
Oli:.m.l‘ Y¥f )| as ..\.MJL:GA axlllas Sjy90 Oli:.au.l‘ 99
CS 5 3l g WAV BAYRD Jle 5l Sy gin 5 (Pl
S olomldl ol (olitlye el s (sladbare
S 33 S575m g i onaline alal 2 o 0 4
g0 4 all FY gloools AYVY Lo jo Gllg,y g 5L Sl
JUUECIRN RCRVAOUT 2§ 12 S0 LAAURRY JYNIE {12 AN
Nazeri Tahroudi et alo> ;| alisee Sladllas jo i,
.09 oo ouline Fazli Fard et al. (2019) 4 al. (2017)
S aloe szl ass ) slaailsog, S8 LB €SS
ailsg, ol asls 4 asls b Lab slaaslssg, ol ples

Environment and Water Engineering

) 5, Skes 5 3YL SVR' 5 RF. MLP sls o oo iy
@S peizmen il opa &by, b Smgie )
G5k sl sl (e sladoe a5 sl (L
32 @Yb by <do b adlg o RE Jow of5ar il
3 Oeizes Ngh &85 5 4 albog, b St
ol Fmoim Glp diadise o Jow 3l eolaiwl 4
et al. 5 Adnan et al. (2018) llas & ol oo

3,5 o,Lsl Shafeizadeh (2019)

g 0ol vguaS lalyl yo (Oblg - 5L anld gl
5 b o sl s ladue ool (Dl
la e I SphiS paizmed il oSyl 50 ol 5o il
(daogyl axlyo & i) oy s B oKl g0 jo
el 5laigle Sllsy — (55 (ilwand o (g0 o Sles
Sy yded loolinl o Slls, -5,k anld gsluand
olomly3T il )5 et i 5 Y531 o s Y
Joe ol 5 STATISTICA 53l 5 51 oliiasl L 3,5
3y g ol lop Getle slaghy, b Slly, -8k

SOb oo gl opl Ban calilyes

W o9, g Slgo Y

anlllao 5 590 Alaio —1-Y

29 Olnl e Jled 5o 5y ubs o aslllaes ;5o adlais
g ) Corlie ool oad gl B oloul 3T ol
ol slaasy> 55 5l (o a5 cwl OFYA km? 5 5
s adhie B Bl wlle areg)l azlye ade>
Ak Sl wosbye Jad )3 g 0o SiSdes
el VY1) OC il slos 5uSileo o YY /Y mm aiVle
o Jls 5l ase> p; ol ( Tabriz - Wikipedia )
s b ass> nj s ogix jlsly ol psul 059>
by o 5l Olissies ouske 4o n 4 B0
3 sl Aoy, sl o ailsogy 0l o Sgdote deg)
Gl>og, pl 4 dilEog, ple g el addllas 0,50 adlaio
Goailsg; wslrzl ads> 5 il 5l oaisy o Lo
s slrolrsl 9 slr@s (sl (bt (slr S
5 Slroled whgolpe lrais pps bs o
5 S9pe Galogy; 5 Cwly S I Glagee
29 g 2l @ or Can 5l GlrplsRd ) paie

'Support Vector Regression

ol (owdige 5 S jlan

Vol. 9, No. 4, 2023

&

EWE

\f"‘ ul.uu.n) £ o)Lo..i: A o)j.)


https://en.wikipedia.org/wiki/Tabriz
SAMSUNG
Typewritten text
537


OYA

VEY e 5 (JaSy

@il (laiy oy Glairile Joo iy o ete
Olindy Dl Gedle el aosls (50,5, b (55l > 5
Giloaigy 555 slie 2 2 (6Tl s S
Sy o2 9 ey Gl e &5 ol Shs; el Bihe
@ gamyS ) Jlawe 5o baosls (il @l 85505 5 uess
b laosls (gaieg S 5o s (a8 oS (5 9k 09500 )
o g5 a5 sl oo, SVM Laws 2, il &b
Iy amao ol ails Sl a5 Wb o ) b slaJos 5l
Al 4 (higel blE o 5Shop 4 aiiS o Jol>
s g ogdge S iy slajlop amio ol 4bl>
Sl o e 095 paRie Gln (L) by
olas 1, SVM g, anld (1) S 09 oo oolaiul

(Seyedian et al. 2014) was o

(Seyedian et al. 2014) SVM Juw a1 -¥ JSo
Fig. 3 SVM model process (Seyedian et al. 2014)

Wly puite @b (Sly Wb SVM g 55 Jae 5o
89 035 (a3 X Jie (glo o 5l glasgaze 4 Y
b B Sl 5 ol Jis (slo e aslllas ol o
sloads ay pxi 61.15 g..)l.ib) oals ‘c\.’;.m.g‘j JREL é—'L’ 9 0
oo colo 5 (29,5 5 Ol (s39y9 Y 4w Jlal sl n
aS w0 8 eolawl elad Al )5 5l o Soe 0 5YL L
500 auile a5 cawl (b (2,8 .l wwles iy yai dnlal o
L Jaes g ainly sy o abaly o Sguw )3 Pl
slbz) olicél 6 luas ogdleas fu*"“ &l S ool
P 0,5 gy Bun adly ;0 wad oo Lasein (€L b

:(Yoon et al. 2011) ailoais

fx) = W', $(x)+b M

y = f(x) + noise )

Environment and Water Engineering

5 sl abog, o0l o Sy slrs]
Wil oo Cod Fiw b g }/5>'T sl 50 50 slo i

el Lo (09 B25b 51 5L (eSSl - Y-
Sz e S535s Sadshe & (o Slaeloniz
039 Sl Ai gl colue Joleo ()l (loniz iy yes
ok dnles 29bge oaliul i mraphl o Gk oo,
0 aslre (V) abal, 5l eolinal b colus o35 b Jobes

(Aurenhammer et al. 2013)

Z; 17 (2) A
n
i=1 Al

en () = )

@il sbrull deoy gl o5 GIS ey
Gl sl sl Olgios Ypmne 5o oaliul adg>
Sloolaiwl b cud i ol a0, eolawl (V) aal) 51 Joles
ol 5o hwgie 5l d9ge (il slaolliv

W (’)"..""..':u" (’)""‘".."""
= SR T L i
E
x
13- [ propn Pabpon
= '_ [ TR e —
A TUE - e e
gyl 4zl ;0 Adg> e (Hlodiz unped -V S
S0

Fig.2 Thiessen polygon partitioning of the Eastern
Lake Urmia Basin

ol odl waly gl (V) Ko 0 a5 jebles
oolawl l.a k-é).u 4..,,.,05)‘ 4:>Ls).> dog> s ‘_ngksaLo..\.o

(WWW.QgIS.0Tg)  egilsS oLl x> SleMbl i ;|
(Shekhar and Xiong 2007) s5uis adgs

SRR ey —-F-Y

Obmsiday )10 1 (yilo ooty HoSIN -V-F-Y

hep slagns, ;s wiles olaiiy oy slagdle
S oo Joo solSesls o )oSl Sl (oo

'Voronoi

u‘w%aw)m

Vol. 9, No. 4, 2023

12

EWE

VF.Y ul.au.u.ﬁ)‘f o) Lois A 0,99


SAMSUNG
Typewritten text
538


oYa

Slls =k g 3le o

By Lol oy aiges slaosls ojlalay cowlus 5 atwgy
S9zg 4 (hjln ALl JSiw gl e Foduzmy SS)0
a5l G Jae S ekysSl ams e plad &S Wl
Friedman ) oS e ol (639,9 sloesls g1y ooy oudass

(et al. 1999

wPllgy = o)l gilwand glp ol o)Ll a5 jsblesn
@m0l Ghsy b nyd ads> nj lawgie 5L
5Y9>T oli....m‘ )‘ ‘5‘>5).‘> ‘Snb o‘).o.b L IS W) 4......4[.7:@
SVM Juas 99 3,5 035, (gloj b ol 4 i g
osls ZY+ 5l jehaie cpl sl wsas BT 5 (5,5 &)
L)?"’)] 41>JA 6‘;» LQOJL) /Yl‘ 9 u,u)}aT 4.1.>).a 6‘,}
ol g esls Gl a5 el S8 a4y p3Y Ll eolaal
Sl Bl & jgon SalS Shjgel dcgerme sly 58l
90 u,u)yo] 4:9.0.7:.0 (51).: W LSLKDOQ‘.) L’j)-' 9 Aloauds
dsgorme 9 oS (Slahe mite Olyiear AL sl
Ol ol Bue e olgeas Ollg, C’_.";))’}AT
Sy Silwde @l SNk 5 Sy, 609y S
Q) @ 5 )iyl polie bagogyg w85 15 b))
a5 5w e A1, (Qui Py saiud Wi wlale
t PR &S el (Qt) GLxB ‘,:lsls) 6&0&‘0 4 Jas.g).o
(F) U 0 a5 jsbilen cel gloj al> o caumoylis
OL?U‘ P 9 Q LngoéL) )| 6&9)9 g,\.»S)_\ 5& ‘55*“‘59 oo lie
e by gl siledos sly BT 5 SVM Jas

s ookl Ay (6999 S ) et

JoLalal, ol 50 B,S b ob ool g Wil
5 LY by, 5l eoliul b g asme (gilwaigy Al
2l e a4 gl slbs gileaneS ol
oolital eleds b &b 5 Gowe Slly, —3,L Sldlas
dunlie )0 &l g5l b bty oy rdile 155 05 o0
oy (nl Silwamd 0 PG B 5l &y ple b

(Adamowski 2013) el ,lo,95

oo gl i y3 —Y—F—Y
Sl &S el Sl LU iy S oo gl By s,
ol el el dilS g wwgn boooly (g3le Joe
sloslinal b ganail 5 (ygem 55 sl oolinul LB (o,
e 6P lnl So g ol S 5 atugy sla e
boJoe 2bl dgdon womame (Smgie 5 s3lSedld
S GBS § 0,5 0 Dyso aejl slaosls I eolazl
oddlasl C s whssll el ppe (2l 65k
Bsgy Sloyaiie (Gmrien 3 Ogemt)S) Slos 5o Ygano
Voo 5l Gt L oS slaws 4SS0 )0 09d o0 ool
Sllre gloy 5 o)l 5li (6558 ganaib il
4 0aBIg gl S0 Ghy, WSS Job Sl (e (5 A
5 WS Jes lasgeme xS0l 95, S olye
2ol Bolar Ko e, 4 ol cell
5 S Sbml (29390 S) sl gunail
aladl S o el dlged g0 4 |, ooy acgesxs
S50 by, 3l eolaiul b o)8 a0 ools (gupuds
Sr9re By slajlre SLl 0gh o (ot 00y ol

(_QLQ).M o @meos..\.?bo oolw u?)\) A_i: ‘).1) w‘

)
- )
loput I
dafaset,. "> s o mm W
Qs o0 o0
Boosted Tree

Support Vector Machine

* Output

Data mining models

Fig. 4 Schematic of SVM and BT model inputs and outputs

Environment and Water Engineering

Vol. 9, No. 4, 2023

VF.Y QL.M.A)‘f o)LA.ﬁ:A 0,99 é—f

EWE


SAMSUNG
Typewritten text
539


Of-

VE-V oL e 5 (JuSy

JIasS = e oygesl s plosl JIasS= e o el b 9]
Loy w5 zyke Mann (1945) Lug loyl
.28l drwgs ¢ Lo Kendall (1975)

Sy Ky Jelow )3 los Sy Jolaie jolar (b9,
Spbee A G oelidlss 5 (Siddgnee Sl
O ol oo g, ol Ded blas 5l (Lettenmaier 1994)
&35 51 45 Gl slacs s sl ol 05 (o9 camslis
5676 di il 0y o)l S oad soym (ool )bl
Sy s 5l (Fr po &S o polie 5l g,
o9y ol 5 eslainl sy s )00 5l 5 Wigd oo canlice
O903! opl yhe .8 (Turgay and Ercan 2005) ol
Yo aools (6w jo digy (il 0929 5 09 Bolad 5
Ny 997y p I Gho (28 9) Su B8 indy s 05l
o)Lc] ;JUJ.U L: J‘A.»S - e U}'Q)T Ml.:sn ools Sy g0

gl g iy ysi (A) Ay &0y S

_ \yn-1yn
S =21 Zj=i+

1 sign (Xi + Xj) )

Wgos Az N g diged (oo <30 wolie Xi 5 Xj ] jo a5
L ol (x5 — Xi) <O sl Sign (X5 — Xi) ,lode el
(%= X)200 sy 5 o b ol (K] — Xi)=+ e S hi
owbly 9 Zsads o lalinl o ped Hlade el SO L Iy

Dgds oo dnwlze (1) alasl, 5155 S o)Ll

S5-1

JVvar (s) $>0
Zc=4 0 ,§5=0 @)
S+1
Faw <0

solie g oiali8l slansy, gonmslis 2 codn polie

sl o cwl sials slawsy, goniws lis Z ek
J_')a) TR 9 099 ..\_39) a8 Laools ..\_..ul) S=0 a5
ol aS o)l sg2g Wosls o gyl e e L Gl me
e Dyak (Soiglgyeen slaools (gl Jlew! Layli
P= g b sme Glazhaw iogh cnl jo aian sl el

(Barani et al. 2019) coul ool 418 5 Sas +/+ 0

Cany g razdly -Y

oblgy 9 ol Gy sy —1-Y
S5 50 Vs T oSl Glily, 5 ()L 4 by Jloj 5
0y 93 40 (-0 9 z-0) Feiw 5 (-0 9 D)
el oals ool Lzd VYYY Lo 5l o g J8 Sldlas

Environment and Water Engineering

L) syl —0-Y
S omgs onl 5o del @l lie 5 ladae o3, sl
Y‘M o o s Sluye (12SKle H3> slo)lae
oolinal "l 5 2L e s o
() «(0) «(F) loo,lois b alogy o SY0leo aalol o050 ,F
(Kumar et al. 2019, Shiri et al. <l oo 31,1 (V) 4

2016)
RMSE = [F=Cim00” )
r= ®)

(Tt 0i-P)— (B, 0).(E% 1 Pi)

[@EE, 08)-EL, 002 B, P, P

[S2,(0i~0).(Pi~ PD]*
XL, (0-0). 2L, (Pi—P)

— _ Z?:1(Pi_0i)2
NSE =1 —?=1(Pi—13)2 )

R? =

*)

oSile Qe slaalive sloosls Pi dlaosls slaws 0 oS
gL J.wl)c;n u_,l.»...al;u Lgl.tbob‘.) Qi 9 u.o‘..\wac Lgl.boo‘d
L o3l 9 09l el iSo05 S sse 4 R? lade i
SGooas 4 yolis Az e S o VU Coles o e
ooylp S oae g oyl gy GEilp Jow sl SSGo
slalas 3% ua.iJLuO JRCS RMSE SRS 0 ul.w.: |) ‘Sll.c
a p a8 e ole | Slelie 5 Sl glaosls
Gilwdnds jo oo o Slee il S sae (pl lade

ol X osls

W9y Jelod (ool (Sl ysS e slaylnl 51 (S 0394
45 W) S92y Wy e Sl (Bl Gla by, il o
Vg oo oSGyl g S ally gy anws 9 4
Doy lRodls oS g0 30 Syl slaggesl Jeal o
-l s Gl Ll laggesl 5l g wiil Jloj
1 Fs Sl gl Jloyipe slaosls Ll b oSl
5 (Sabouhi and Soltani 2008) <l G ,l,b
3 Gl e 5 comrll slogs 3] 5315 2555 45 b
IS =0 gy @lacdle iz 58 s Jlop (o0
5| oolital U anlllas cpl 45 Wiy, oo ed jelic

! Root-mean-square deviation
2 Correlation coefficient

3 Coefficient of determination
4 Nash-Sutcliffe efficiency

ol (owdige 5 S jlan

Vol. 9, No. 4, 2023

[

EWE

\f"l QL"""‘A) £ o)Lo..':: A 0)3.5


SAMSUNG
Typewritten text
540


N

Sl -,k sledoe

S5, 6o VYAV B 1T0 (gla o o ¥l bk cnl ol
0,95 (rl )d gy 5 Sl (Slugs B3k (Sl (5 g 039
by Hlis Geizren (0) IS8 (g 2Bl oo (sl Slej
wasuina 39y ()b i Jy g Vol oSl 9 0 50 a8
S (B g Bl A, bl (S e g asly

Sl abls LialS aig,

W m

}II
D
I
! Il Latalin Ii

ﬂl-l fLLLY 135
[ dsfota)

" ]

B | .

%

08 Ak 58

b+

-

11

8

24
E
¥ Ll
1) I
L
" Ml
1378 1280 :ISB‘-I-

=

Ve

1358 e 1306

Sllllas 0,90 90 ;0 5,b pate JlaiS e o,lel lade
g 1V L ol sy 4 (0) g (W) Vel oKl sy
5 21 YAL plp () 9 (@) g b sl sl o/ YF
Ol il pad Jlolias 720 maw jo a5 0l s /- TA
Sl bl cul jo Al (o)L a5 cul 0l Wb gao90
Lo ol bl ksl Slllas 5)50 oKius] g0

i H”U-i

B 0w

e

| E—aa

= p

-
L
Lo
™
%]
-
&
3
o
1=

L]

uﬁm:ﬂuﬂmﬂu1uu}lm¢uﬁ

m 'MW"

E

| &
e
o
| m— |
- | L
& ]

#
-

J.ll
%Il
LR
[T}
: I
a|'

1156 Hil: 1360 12 ]il I8 &8 I un

SVYYE) i s —z «OFVOIYAY) Yo T - d(V YOO VYVE) Vo T - il s g5 0 5 iyl dassie il (gm0 -0 JS5
AYYO-IWYAY) e s -0 5 (VYOO
Fig. 5 Time series plots of the observed rainfall and runoff values: a) Akhula (1976-1994), b) Akhula (1995-
2019), c¢) Pole Senikh (1976-1994) and d) Pole Senikh (1995-2019)

N Jes! maw o 0 Mm-S able sla Sws)b
\.\35) LQOOBJPLQ &.9‘>)" 9 asls (5)“5‘5:‘-'“" w‘;ﬁ‘

Environment and Water Engineering

Sllogs a5 wis,S j,l55 Salehi Bavil et al. (2017)
29 Ol 35>y eyl azlys laade> ny 0 )L

Vol. 9, No. 4, 2023

b

EWE

\AEA1 uL“*-“*") g a)Lq..f.v A 0,99


SAMSUNG
Typewritten text
541


OfY

VE-V oL e 5 (JuSy

&g, Nazeri Tahroudi et al. (2018) .5, oU laailsog,

3 om Jls S5 1y agag) azly s T s glaosls tals
ol oldlas 0,5 (5,155 b, sleosls zals wg,
ok Ole 5 b0y, Gl Ny Sled o2 sl
ML; Ll aen g ol ool bl aeg)l axl,o ase>
a4zl s ads> slaailssg) Sl als a5 auS o
¢« Hosseini-Moghari et al. 2020 ) ¢l 009, Ko
.(Bashirian et al. 2020

65T (sl ol g Y-¥

Sl )99 53 30 Fts Jy 5 Vo5l sloelSinl (o) S
0,99 &l (Sl (Plas (2 Sla) Sy, 5 (S
sads &) (V) Jodz oV TVO-IFAY 6,68 o) YOO-VTVE
=il claosls b (5,5 al) SVM 4 BT (ela o ool
@S 053 osaline a5 j5blen ok (seil 5 (3jel
9 Jj‘ wé) B (\Y’V\c—\\”&a) @LxJUa.A Jﬁ‘ 0,99 L .'09))9
U315 OYAYIIYY0) Sl ago o9 45 bgsye b
Jsoz Geb Coul oad g Jol 090 @mls 5 9 5l
Vo1 olfiws! (S ools ygiw 40 0,98 98 ;o 58 (V)
olie o yieS g andls 1) Uy, o 3L el Cntien
Loy f ol @ Slls, 5 Sk Sk
sloosls aSyl s 4 ai oylal a5 sbilen g o
bl b ially sl ol s 4 slael L il oo
Byl Sglas 0SS b Joe g0 oy

Vo MM osgaze a5 Jl> 50wl ool lis (5l e
@) U Ll ass oo plas 1) gyl gxe alS &g, VO U
G 2 9 (2-0) 5 (0 ) Yol oSl 5l 25,5 (20
S oo plas 3o ]y Slllas 0,90 90 j0 (5-0) 5 (z-0)
9 &lp oz @ ke JAS (e (gesl oylel e
= IYP - IVAY L plp ey 4 Ve | oBiusl (sl 0,90
Sobe oo aalS &g, 790 maw yo as el Caws 4
Y531 (-0 5 (Alh0) sla S 5l a8 jsbplen . ail oo
IS g, oSl ol 5l (79,5 (25 il Sppta i
53,0 Js3
5 (@0) SladSh Jalod o rizen ool il (0
J ol 5l (o o0 Ny, GRS
Ozl ojlel lade o3 (B sl oS ssalive pa ) Gt
cei ol (nl sl (e 20 e SIS e
30 aBd o lid a5 Al i = /VES 5 - NAA L Ll
2l gadge cpl ol Jloline oo 2alS Wy, 140 whaw
b Sllllas 0,98 93 2 sl (23 Sloj G &S WS (oo
aS ols plas b ol aoec (o o)l salS &g, Frdiw
ok Ny, o sl LB pals 3 slale o
Gl aS 098 o cdalin Sllllae sleolli! g,

Ol (5-0)

Jelse 05l o0 Cgume dpegl Azl ol SiS gly
S oS wiin b Sy, b,z el 5o g5k
31 eolazul oI Lol LY
Ol s s iliee Cunio

5 SoasteS o balhsg, of

89y 2 S Slasl

OYAV-AYYD) g\ YOO-VYYE Gae jo Sl g o,b slacols g el sl el b =) Jgo
Table 1 Statistical parameters of the rainfall and runoff data during 1976-1994 and (1995-2019)

Entire data

Station Parameter  1976-1994 Training set Test set
(1995-2019)
P (mm/month)  Q (m?%/s) BT SVM BT SVM
21.97 11.74 11.32 10.46 11.13 11.90
Mean (22.40) (5.07) (4.53) (5.73) (5.97) (3.38)
Akhula Minimum 0.00 0.00 0.00 0.00 0.00 0.00
Maximum (0.81) (0.00) (0.00) (0.00) (0.00) (0.00)
74.31 92.50 76.85 76.85 53.85 75.48
(77.66) (47.47) (47.47) (47.47) (41.65) (36.15)
18.97 ?68562) 0.85 0.86 0.93 0.91
(20.39) : (4.53) (0.54) (0.51) (0.41)
Mean 0.00 0.00 0.00 0.00 0.00 0.00
Pole senikh Minimum : (0.00) . : : .
Maximum (0.00) (0.00) (0.00) (0.00) (0.00)
61.38 363 3.63 3.86 3.86 3.70
(81.25) (é. 55) (3.55) (2.73) (2.21) (2.23)
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Table 2 Performance of SVM and BT models in the training and testing sets during 1976-2019

Entire data Cross Correlation R? NSE RMSE
Station (1976-2019) BT SVM BT SVM BT SVM BT SVM
1976-1994
Akhula Train 0.90 0.90 0.82 0.81 0.81 0.81 6.86 6.59
Test 0.81 0.89 0.65 0.80 0.64 0.72 8.13 8.09
Pole senikh Train 0.84 0.83 0.70 0.69 0.70 0.69 0.45 0.46
Test 0.83 0.82 0.69 0.67 0.69 0.67 0.51 0.54
1995-2019
Akhula Train 0.79 0.83 0.62 0.68 0.62 0.67 423 4.53
Test 0.69 0.75 0.48 0.57 0.47 0.55 6.00 3.65
Pole senikh Train 0.80 0.80 0.65 0.64 0.64 0.64 0.31 0.29
Test 0.77 0.76 0.59 0.58 0.58 0.57 0.35 0.32
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The aim of this study was to evaluate the effectiveness of estimated soil
moisture data obtained from the GLDAS, ESA and SMAP sensor databases
with the observed data of the Silakhor Agricultural Meteorological Station
to investigate the spatial and temporal variation of soil moisture in Lorestan
province. The data used in this research include the soil moisture data of the
Silakhor station, GLDAS database, ESA center and SMAP sensor products
during a six-year period (2016-2021). Estimated soil moisture data were
evaluated against observed data using R?, RMSE and MAD statistics. The
results showed that the SMAP satellite is associated with underestimation
and the GLDAS model and the ESA satellite are associated with
overestimation of soil moisture. However, in general, the estimated soil
moisture values of the three mentioned sources have good accuracy. The
value of the correlation coefficient between observed soil moisture data
with soil moisture data obtained from SMAP and ESA satellites and
GLDAS model was obtained as 0.62, 0.59 and 0.72 respectively, and in the
combined case (SMAP, ESA and GLDAS) the value of correlation
coefficient was increased to 0.77, therefore, it is suggested to use combine
data to use soil moisture estimation.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

forecasts, climate modeling, extreme climate

Soil moisture is widely recognized as a key
parameter in the mass and energy balance
between the Earth’s surface and atmosphere.
Therefore, accurate measurement and estimation
of soil moisture values play a key and very
important role in various studies such as weather

Environment and Water Engineering

events, atmospheric general circulation and etc.
Limitations such as the lack of proper and
insufficient distribution of weather stations and
the unavailability of long-term soil moisture
records in Iran have doubled the complexity of
analyzing soil moisture in the country. These

ol (owdige 5 S jlan

Vol. 9, No. 4, 2023

Qs

EWE

\f"‘ QLMMA) £ o)Lo..i: A o)j.)


https://doi.org/10.22034/ewe.2023.367471.1819
https://portal.issn.org/resource/ISSN/2476-3683
http://www.jewe.ir/
mailto:kolahchi@scwmri.ac.ir
mailto:kolahchi@scwmri.ac.ir
http://creativecommons.org/licenses/by/4.0/

b¥A

Comparative Evaluation of Soil Moisture with in situ Measurements

conditions make it difficult to accurately estimate
the soil moisture in a region. Satellite remote
sensing data, in addition to solving these
limitations and problems, can create a wide
spatial coverage and temporal continuity and
provide an acceptable level of confidence
compared to in situ measurements.

Today, the expansion of meteorological satellites
and network databases such as TRMM, GLDAS,
ESA CCI SM, SMAP, etc. has created a new
potential for better and more accurate estimation
of rainfall and soil moisture in areas where
ground measurements and observations are
limited. If it is possible to establish a connection
between satellite digital data and soil moisture,
the use of satellite images will be able to
facilitate, economic and fast the estimation of
soil moisture on a wide scale. However, in order
to properly use these databases, it is necessary to
examine their accuracy and efficiency in
different parts of the country. Therefore, in the
current research, an attempt has been made to
investigate and analyze the accuracy of soil
moisture data estimated from satellite images and
climate network databases against the recorded
data of stations in Lorestan province using
statistical tests.
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1.00
0.50

==@== (bservational

=@==Gldas

=@=SMAP

Material and Methods

In this research, the soil moisture data at the
Silakhor agricultural weather station in Lorestan
province which is located 10 km south of
Borujerd city, has been used (Figure 1). soil
moisture data are collected at depths of 5, 20, 30,
50, and 100 cm by soil moisture sensors since
2016. The soil moisture of the station was used
to evaluate the accuracy and validate the remote
sensing soil moisture of SMAP, ESA, GLDAS
and their combined (SGE). Several statistical
indicators such as correlation coefficient (R),
coefficient of determination (R?), Root Mean
Square Error (RMSE) and Mean Absolute
Deviation (MAD) was used for the validation of
remote sensing data. For better comparison of
different soil moisture production, the values of
soil moisture were dimensionless by using the Z
index.

Results

Fig. 1 shows the soil moisture values for Silakhor
station and soil moisture of satellite data in the
common period of 2018 to 2021. The e value of
soil moisture increase during the wet season
(middle of Fall to the end of Spring) and
decrease during dry season (Summer to the end
of Fall) during the study period (2018-2021).
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Fig. 1 Soil moisture values for SMAP <ESA CCI SM «GLDAS with Silakhor Station of Lorestan

When comparing the soil moisture of the station

to the remote sensing data, SMAP
underestimates while ESA and GLDAS
overestimate the value of soil moisture.
However, in general, remote sensing soil

moisture data compared to the station indicates
that the values differ more in wet seasons, but
values are close to each other in dry seasons. The
results show that the temporal behavior (wet and

Environment and Water Engineering

dry seasons) of soil moisture obtained from
remote sensing data is consistent with the data of
Silakhor meteorological station and has been
estimated with appropriate accuracy. The soil
moisture of Silakhor station compared with
combined (SGE) data indicate that in addition to
the similarity of time behavior, these data are
more similar in terms of value to the data
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Table (1) shows the statistical values of R2
RMSE and MAD between estimated remote
sensing soil moisture data and the data recorded
at the Silakhor meteorological station. Based on
these statistical indicators the combined SGE
performs better and more accurately to estimate
soil moisture compare to GLDAS, ESA and
SMAP.

Table 1 Statistical analysis of R, R2, RMSE and MAD
between soil moisture of station and SMAP, GLDAS,
ESA CCI SM, SGE

Soil Moisture R> RMS MA
E D

Station -SMAP 039 0.70 0.58
Station — GLDAS 0.52 0.73 0.51
Station — ESA CCI SM 0.35 0.78 0.63
Station — SMAP, GLDAS, 0.59 0.51 0.38
ESA (SGE)

Conclusions

The results of this research are as follows:

1. The monthly soil moisture values of SMAP,
ESA, GLDA and combine (SGE) compared with
the data of Silakhor station showed that despite
of difference between the estimated and observed
values, the satellite data are able to estimate the

Environment and Water Engineering

overall behavior of the soil moisture in the
region.

2. The SMAP underestimate and GLDAS, ESA
and combine (SGE) overestimate soil moisture.

3. The value of the correlation coefficient
between observed soil moisture data with soil
moisture data obtained from SMAP and ESA
satellites and GLDAS model was obtained as
0.62, 0.59 and 0.72 respectively, and in the
combined case (SMAP, ESA and GLDAS) the
value of correlation coefficient was increased to
0.77, therefore, it is suggested to use combine
data to use soil moisture estimation.

4. This research proved that combine soil
moisture data are more suitable, reliable and
accurate than soil moisture estimation based on a
single sensor. It is suggested to use combined
soil moisture to study drought, flood, water
resources and climate change.
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Fig. 1 The location of Lorestan province in Iran and Silakhor agriculture climate station
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Fig. 3 Soil moisture values in the depths of (5,10,20,30,50 and 100 cm) during the period of 2018-2020 in

Silakhor Station of Lorestan
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Table 1 Soil moisture Z-Score index values for Silakhor station, GLDAS model and SMAP and ESA CCI SM

satellites

Time Silakhor Gldas SMAP ESA Average
Jan-18 -0.16 0.39 -0.61 0.62 0.06
Feb-18 0.62 0.72 0.06 1.13 0.63
Mar-18 0.08 0.27 -0.03 0.79 0.28
Apr-18 -0.62 0.78 -0.16 0.62 0.16
May-18 -0.92 0.75 0.12 0.29 0.06
Jun-18 -0.93 -0.30 -0.76 -0.90 -0.72
Jul-18 -1.09 -1.03 -0.85 -1.40 -1.09
Aug-18 -1.03 -1.20 -0.83 -1.40 -1.11
Sep-18 -0.92 -1.24 -0.80 -1.24 -1.05
Oct-18 -0.89 -0.48 -0.73 -0.39 -0.62
Nov-18 0.41 0.80 0.70 1.30 0.80
Dec-18 0.62 1.19 1.85 0.96 1.16
Jan-19 0.85 1.34 2.03 1.30 1.38
Feb-19 0.80 1.36 2.21 0.96 1.33
Mar-19 0.85 1.17 2.19 0.45 1.17
Apr-19 0.98 1.42 1.85 0.29 1.13
May-19 0.25 0.33 -0.14 -0.56 -0.03
Jun-19 -0.41 -0.64 -0.82 -1.40 -0.82
Jul-19 -0.84 -1.09 -0.85 -1.24 -1.00
Aug-19 -0.85 -1.19 -0.85 -1.24 -1.03
Sep-19 -0.89 -1.20 -0.85 -1.07 -1.00
Oct-19 -0.71 -0.61 -0.39 -0.05 -0.44
Nov-19 0.60 0.02 0.71 0.29 0.40
Dec-19 1.23 0.89 1.52 1.13 1.19
Jan-20 1.29 0.99 1.43 0.96 1.17
Feb-20 1.41 1.79 1.39 1.56 1.54
Mar-20 1.45 1.35 1.49 1.15 1.36
Apr-20 1.20 1.10 0.90 0.49 0.92
May-20 0.99 0.21 -0.43 -0.59 0.05
Jun-20 0.96 -0.80 -0.83 -1.01 -0.42
Jul-20 0.92 -1.13 -0.81 -1.02 -0.51
Aug-20 0.80 -1.24 -0.84 -1.08 -0.59
Sep-20 0.64 -1.17 -0.84 -0.95 -0.58
Oct-20 0.49 -0.97 -0.82 -0.83 -0.53
Nov-20 0.55 0.39 -0.45 0.71 0.30
Dec-20 1.57 1.21 0.65 1.36 1.20
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Evapotranspiration is one of the most important elements of the
hydrological cycle. Estimation of evapotranspiration is imperative for
effective forest, irrigation, rangeland and water resources management as
well as to increase yields and for better crop management. The aim of this
study is to calibrate the SEBAL algorithm in estimating evapotranspiration
in the Sohrin-Qaracheryan plain, which is affected by flood spreading. In
this study, Landsat 8 satellite images were used in 2020-2021 to obtain the
coefficients of the relevant bands. Then, the net radiation flux on the earth’s
surface and the earth’s heat flux is obtained using incoming-outgoing
radiation fluxes from albedo, surface emissivity, land surface temperature,
and plant indicators. Next, the sensible heat flux is calculated by
determining the hot and cold pixels. Finally, evapotranspiration maps are
plotted. Based on the results of this research evapotranspiration obtained
from soil water balance model and SEBAL algorithm were estimated as
24115 and 19642 m?, respectively. Also, the calibration of the results
obtained from the SEBAL algorithm with reference evapotranspiration was
done using R? and RMSE statistical indices, and were calculated the values
of these two indices as 0.64 and 2.15, respectively.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

water losses that include evaporation directly
from the soil and transpiration from the plants. It

Evapotranspiration (ET) is one of the most
important factors in the hydrological cycle and is
a key determinant of energy equations on the
earth’s surface. Evapotranspiration is a
combination of two processes responsible for

Environment and Water Engineering

is difficult to consider these two processes
separately  since  they  occur  almost
simultaneously at varied rates with high spatial
variability. As a result, evapotranspiration
estimates are important for hydrology, irrigation,
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forest and rangeland, and water resources
management. The evapotranspiration drives the
soil water-energy balance which is largely used
in general circulation models and climate
modelling. Consequently, river water flow
forecasting, crop yield forecasting, irrigation
management systems, river/lake water quality are
all dependent on evapotranspiration levels. For
this reason, it is essential to accurately estimate
the water budget. Better and accurate
evapotranspiration estimates would allow for
eff ective irrigation planning and optimal water
usage for other agricultural purposes. Numerous

models have been developed to estimate
evapotranspiration  using remote  sensing
methods. Out of all the proposed models for
estimating evapotranspiration, the Surface

Energy Balance Algorithm for Land (SEBAL)
algorithm has proven to be the most widely used
amongst researchers in over 30 countries. This

| Remote Sensing data I

model was developed by Bastiaanssen and then
improved by Allen. The SEBAL model has
proven to estimate evapotranspiration with better
accuracy. Its registered accuracies of 85% at a
farm-scale while more than 95% accuracy has
been recorded on a regional scale. The review of
recent research shows that remote sensing and
the use of satellite images have a high ability to
estimate the amount of actual evapotranspiration.
This method has been used by many researchers
around the world to estimate evaporation and
transpiration. On the other hand, estimating the
actual evapotranspiration is of great importance
in the plains affected by the flood, especially the
flood on the Sohrin-Qaracherian plain aquifer.
Therefore, this research was conducted with the
aim of estimating evapotranspiration using the
Sebal algorithm in the Sohrin-Qaracherian Plain,
for the optimal management of water resources
in the region and regions with similar conditions.

v
Spectral Rad
w)
¢ N - N
Spestral Refloctance Vegenition indices
B (NDviL SAVD)
) Loaf Area Index
2 {LAD Metcorological data
Albedo-top of
etmosphere (nh‘) "I" s .
Surface emitsivilies Wind speed =t blending height (ul00)
—{ Surface albeds (o) (o) M
* Fiction velocity (u®)
Incoming Shortwave TS 'f’
Temperature
T ®,) G
& W i (LST) | Acrodynamic resistance (r, ) |
¥ 7
Incoming Longwave Outgoing Longwave | —)l H=8TpCpir, |
) &
(Spreadshect) L Monin-0 buchiov length (L}
= ; )
Corrected friction velocity I
[
~ G Fa ]
¢ Corrected
Cold pixel Hot pixel Liakas i
H,_ =Ru-G-LE H_=Ra-0 resistance
8T, = H, 2, /(pC) 8T, =, x 1, /pC)
b
| 5T 'm<— | Sensible Hest Flux (H) |
Instantanecnt Latent Heat Flux
LE=Rn-G-H

Fig. 1 Flowchart illustrating the SEBAL algorithm

Material and Methods
This research was carried out at Qaracherian
research station, located 30 km northwest of

Environment and Water Engineering

Zanjan city. About 215 ha of the station has been
used for flood spreading and feeding the Sohrin-
Qaracherian plain aquifer. In this research, were
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Calibration of SEBAL Algorithm in Determining Evapotranspiration

used of the daily and hourly meteorological data
of Zanjan Airport synoptic station from 2020 to
2021. These the data included minimum and
maximum temperature, minimum and maximum
humidity, average wind speed, sunshine hours
and pressure. The SEBAL algorithm was used to
estimate the evapotranspiration in the Sohrin
Qaracherian plain, which is affected by the flood
spread on the Qaracherian aquifer. Using this
algorithm, were calculated the evapotranspiration
values during the satellite transmission time for
each pixel. To check the application of SEBAL
algorithm, were downloaded Landsat 8 images
for 2020-2021 year and were done necessary
corrections and preprocessing on them. These
Landsat 8 satellite images are acquired by the
Operational Terrain Imager (OLI) and Thermal
Infrared Sensor (TIRS) on the satellites and are
widely used for water resources applications.
Landsat images are at 16-day intervals with a
spatial resolution of 30 m and were obtained
from the United States Geological Survey
website (http://glovis.usgs.gov). After processing
the images, the net radiation flux on the earth’s
surface and the earth’s heat flux is obtained using

ETa 20201050
B 0.08.04
041
BN
N 153
| ERX

ETa 20210623
B

i I-2

3-4
Y
| ISEE]

incoming-outgoing radiation fluxes from albedo,
surface emissivity, land surface temperature, and
plant indicators. Next, the sensible heat flux is
calculated by determining the hot and cold
pixels. Finally, evapotranspiration maps are
plotted. The flowchart of the SEBAL algorithm
is illustrated in Fig. 1.

Results

After radiometric and atmospheric correction of
the images by using ENVI software, were
obtained index values including Albedo, NDVI,
vegetation percentage, LAIL plant height, LSE,
and LST for each image and then were extracted
their maps. In addition, for a better comparison
of the results, were prepared and compared of the
layers related to vegetation index, soil heat flux
and land surface temperature in the different
stages of the growth period. After extracting
these indices, evapotranspiration map was
extracted using Envi software. Fig. 2 shows the
daily evapotranspiration changes, which clearly
shows that at the initial of the growing season,
when are low vegetation cover and NDV], is also
low of ET2a.

ETa 20210319
o206
1 0.6-1.5
1.5-2.5
B 2535
| ERETS

6
Km

Fig. 2 Evapotranspiration map resulting from SEBAL algorithm in the different stages of the growth period:
Initial (A), middle (B) and late (C)
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On the other hand, with the increase in
vegetation density, increases daily
evapotranspiration. As it can be clearly seen in
Fig. 2, at the initial of the growth period (fig2-
A), the range of evapotranspiration is estimated
between 0.08 and 5.3 mm/d, while this value in
the middle and late of the growing season (fig5-
B and C) is estimated in the range of 0.12 to 6.63
and 0.1 to 124 mm/d respectively. In other
words, in the middle of the growth period,
because is low the percentage of vegetation on
the soil surface, is low evapotranspiration.
However, as the late of the growth period
approaches and vegetation increases, increases
the amount of evapotranspiration. The results
validity of the SEBAL algorithm was
investigated in comparison with the actual
evapotranspiration values of the soil water
balance. Based on the results of this research, the
evapotranspiration obtained from soil water
balance model and SEBAL algorithm was
estimated at 24115 and 19642 m’/year,
respectively. Also, recalibration of the results
obtained from the SEBAL algorithm with
reference evapotranspiration (Fao Penman-
Mantith) was done using R?> and RMSE statistical
indices, that the values of these indices were
calculated as 0.64 and 2.15, respectively.
Therefore, these results show that SEBAL
algorithm is accurate enough to estimate
evapotranspiration in the study area.

Conclusions

Based on the research results, in the middle of
the growth period, is less the amount of
evaporation and transpiration, because is also
low the percentage of vegetation on the soil

Environment and Water Engineering

surface at this time. This is while approaching
the late of the growth period and increasing
vegetation, increases the rate of
evapotranspiration. To validate the results of the
SEBAL algorithm, these results were compared
with the results of the soil water balance model
that was obtained the error coefficient equal to
22%. This error percentage shows that SEBAL
algorithm is accurate enough to estimate
evapotranspiration in the study area. In addition,
the validation results of the model showed that
the SEBAL algorithm with acceptable accuracy
can be correctly used to estimate the actual
evapotranspiration in the study area and other
areas with similar conditions.
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' . Rh (%) T(°Q)

Date Wind speed (m/s) Sunshine (h) Max i Mod Max i NVied
2020/09/24 7 10.5 60 10 35 30.4 11.6 21
2020/10/10 3 10.9 93 25 59 17.9 0.6 9.25
2020/12/13 2 7.0 95 57 76 6.8 -6.6 0.1
2021/01/30 15 6.5 84 35 59.5 6.2 14 3.8
2021/02/15 9 10.4 52 16 34 17.2 0.4 8.8
2021/03/19 9 11.6 65 21 43 13.8 -2.0 5.9
2021/04/04 4 10.7 87 34 60.5 14.6 -3.0 5.8
2021/04/20 7 8.6 57 15 36 27.2 7.6 17.4
2021/06/07 5 13.2 37 13 25 30.2 11.4 20.8
2021/06/23 12 12.7 20 7 13.5 36.8 20.4 28.6
2021/07/09 13 12.5 66 24 45 28.5 17.8 23.15
2021/07/25 12 12 69 21 45 35.4 19.5 27.45
2021/08/10 9 9 23 10 16.5 36.8 21.2 29
2021/08/26 5 12.1 48 8 28 32.6 13.5 23.05
2021/09/11 8 11.0 43 6 24.5 32.8 16 24.4
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Dams leave various environmental effects on local communities and
watersheds, during the stages of construction, operation and end of useful
life. The current research was carried out to evaluate the environmental
effects of the Farrokhi Dam in the operation phase on the physical, cultural,
economic and social environments. In this research, the modified Leopold
matrix and the modified rapid impact assessment matrix were used. Positive
and negative effects were studied and valued. The stability of the Phillips
method was evaluated and its results were compared with the modified
Leopold matrix and the modified rapid impact assessment matrix. The
results of the rapid impsct assesment method showed that evaporation with
a coefficient of -14.25 has the most negative effect. Besides, regardless of
secondary consequences, agricultural development is the most positive
effect of dam construction with a factor of 105. Based on the results, the
Phillips stability factor for Farrokhi Dam was equal to 2.87. Therefore,
despite the presence of some positive effects, it was found that the cultural
effects of Farrokhi dam construction were completely negative and the
most negative effect of Farrokhi dam is in the field of evaporation.

© Authors, Published by Environment and Water Engineering journal. This is an open-access
article distributed under the CC BY (license http://creativecommons.org/licenses/by/4.0/).

Introduction

sustainable development. There are various
methods for evaluating and depicting the results

Dams play an important role in the civil
development plans of countries. Nevertheless,
the negative consequences of dam construction
on humans and the environment are of interest to
researchers. For example, serious problems arise
in water quality over time, including the
production of taste, smell and microbial
contamination. The concept of environmental
impact assessment refers to the review, analysis
and evaluation of planned activities with the aim
of ensuring environmental health and their

Environment and Water Engineering

of the activities of a project or development. The
analysis of the effects is done using special
methods, checklist, matrix, networks and map
overlay. The matrix method itself is divided into
several categories: simple matrix, step-by-step
matrix, Leopold matrix, Moore matrix, weighted
matrix, Peterson matrix, and rapid impact
assessment matrix. Among these, the Leopold
matrix has received much attention. In this
research, the effects of the construction of
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Some Consequences of Farrokhi Dam Construction

Farrokhi Dam in physical, chemical, cultural,
socio-economic environments were investigated
with the help of matrix type methods.

Material and Methods

Farrokhi storage dam is located near Farrokhi
village, located 41 km from Qaen city in South
Khorasan province. The Leopold matrix has
many advantages, including summarizing the
negative and positive effects of the project in the
stages of implementation and operation. Other
advantages of the matrix include its simple
structure and the ability to perform multi-criteria
evaluation. In this method, a matrix is formed in
which the activities within the project in the
construction phase are specified in its columns
and various environmental factors (biological,
economic-social, physical, chemical, cultural and
strategic) are specified in its rows. In
summarizing the effects, the average positive and
negative effects are calculated for each activity
and each environmental factor. Leopold matrix
method has attracted the attention of researchers
due to its high accuracy, investigation in two
phases of construction and operation, and other
positive features. The rapid impact assessment
method is based on the average semi-quantitative
values that can be rated for each of the criteria.
Quantitative evaluation in this method is based
on five separate criteria. Important evaluation
criteria are divided into two categories: Group A,
criteria that are important for the situation and
can individually change the obtained score. The
values of each group of these criteria are
calculated using simple formulas. Investigating
potential or actual sustainability in the
environmental impact assessment process is an
important factor in decision-making. The most
important advantage of stability determination is
that by choosing the most stable option, its
results are compared with the results of the
modified Leopold matrix and the most desirable
and appropriate option is determined. The
designed matrix was completed by the regional
experts and the average scores were used as the
evaluation criteria. The averaged positive and
negative effects on environmental components
were calculated using the Leopold matrix
method.

Results

In this research, the calculations were done using
Leopold's average matrix to calculate the
environmental factors. The average result of
positive and negative effects on the components
is determined using the Leopold matrix method.

Environment and Water Engineering

If things like historical monuments, shrines,
elimination of people's livelihood and
unemployment of villagers, the transformation of
livelihood from producer to service or consumer,
which are included in the cultural part, will make
the construction of the dam less justified. The
result of the present research was compared with
the results of another study in which the
environmental effects of Farrokhi dam were
calculated using the ICOLD matrix method. In
the results of the mentioned research, it is stated
that the most negative effects of the Farrokhi
dam in the construction phase and on the
biological environment and then on the physical
environment and the most positive effects have
also been observed in the economic and social
environment. This is consistent with the results
obtained from the modified Leopold matrix of
this research. To carry out the environmental
assessment of Farrokhi dam by means of a rapid
impact assessment matrix, according to the
matrix obtained from the questionnaire and
averaging, the values of ES, AT and BT were
calculated. Then the final assessment (ES) for
environmental effects has been done using the
rapid impact assessment method (Table 1).
According to the results, 11 of the 19 existing
environmental effects (about 58%) were positive.
The use of the environmental impact assessment
method using the rapid assessment matrix also
showed that the main part of the positive effects
of the Farrokhi dam is in the case of agriculture
and the most negative effect is in the field of
evaporation. Also, the results show that the
environmental effects of Farrokhi dam in the
field of noise pollution, drinking water supply,
air pollution, sedimentation of the dam reservoir
and migration using the rapid assessment method
are neutral. In this research, for the option of the
conditions after the construction of the dam and
based on the existing relationships, the
environmental value was calculated as 1.6, the
amount of conditions necessary for human life
and survival was -1.27, and finally the stability
coefficient was calculated as 2.87. Then the
value of the stability coefficient is calculated and
based on the positive or negative value of this
coefficient, it is determined whether the dam is
stable or unstable. Also, the results of the
stability calculation are consistent with the
results of the evaluation of the environmental
effects by the modified Leopold matrix.
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Table 1 Average matrix of Rapid Impact Assessment

E 0 g g 5 g5 =z g B 5 _ % <

5 xQ': = o) A A O n 8 -2 %) A
A2 2 25 15 0 15 0 0 25 15 15 5 2 05 1 15 2 15
A2 2 3 1 0 05 0 25 15 15 2 1 105 0 0 215
B 4 4 4 3015 2 1 1 4 25 25 4 4 35 25 35 3 35 35
B, 3 4 4 305 2 05 05 4 2 2 35 2 2 1 35 25 2 3
Bs 25 25 3 205 2 05 05 15 15 15 2 2 25 2 15 25 25 25
Bi 2 2 3 2 115 151 215 15 2 15 2 2 15 15 15 15
Ar 4 4 75 15 0 075 0 0 625 225 225 4 15 2 025 0 0 4 225
Br 115 125 14 10 35 75 35 3 115 75 75 115 95 10 75 10 95 95 105
Es 46 50 105 15 0 563 0 0 719 169 169 46  -14 20 188 0 0 38 236

Conclusions

In this research, the cultural, physical, chemical
and socio-economic consequences of the
Farrokhi Dam project were determined using two
modified Leopold matrix and rapid impact
assessment methods, and the following results
were obtained:

1. The dry weather conditions of the region have
made the use of the dam to provide water for the
downstream agricultural lands to be considered.

2. The stability of the Farrokhi Dam based on the
Philips and Mondal method was a confirmation
that the results of the modified Leopold matrix
are correct.

3- The construction of the dam will increase the
water shortage in the long term by increasing the
evapotranspiration and preventing the infiltration
of floods into the plains and the banks of the

Environment and Water Engineering

river. It should be noted that, for a more
comprehensive evaluation, many more variables
need to be investigated in the environmental
assessment of a dam. Without considering all of
them, it is not possible to make a general
conclusion about the environmental assessment.
Therefore, the results obtained in this research
were based on the limited number of parameters
whose information was available, and also only
for Farrokhi Dam.

Data Availability
The data can be sent by the correspounding
author via email.
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Reservoir Dam Sedimentation
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Fig. 2 Environmental assessment of Farrokhi dam
using the modified Leopold matrix method
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