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Introduction

Estimation of scour at bridge piers has always been a challenging problem to the hydraulic engineers
and has attracted the interest of many researchers. Bridges are always degradation due to various
factors, but many researchers have identified the main cause of bridge failure as local scour around
bridge piers (Lagasse and Richardson, 2001; Dey and Barbhuiya, 2004; Khaple et al., 2017b).
Although there are numerous studies of local scour, however, the coherent structures in turbulent flow
around the bridge pier still remain unknown. Most studies on scour have focused on techniques to
control and reduce the local scouring (e.g. 1zadinia and Heidarpour, 2012). Since the sediment transport
process is very complicated due to the interaction of many parameters, therefore, studies have been
carried out to determine the turbulent flow structure, but not enough. Lu and Willmarth (1973)
introduced the quadrant analysis for studying the structure of the bursting phenomenon. In fact, the
bursting phenomenon consists of four different events outward interaction, ejection, inward
interaction, and sweep. lzadinia et al. (2013) and Izadinia and Heidarpour (2019) by measured velocity
profiles around the circular pier and using quadrant analysis, they investigated the flow structure
around the pier. Given the importance of the flow structure and in particular the bursting events around
the bridge piers, it can be stated that still their characteristics have not been investigated in detail.
Therefore, since the quadrant analysis is a powerful tool to recognize the structure of the bursting
phenomenon and consequently to find the susceptible regions for sediment entrainment and deposition,
this technique is considered in present study to investigate the coherent structure of turbulent flow in
scouring process around the bridge pier. In addition, since previous studies have focused more on
investigating the flow structure at the circular bridge pier, therefore, the main objective of this study is
to investigate the flow structure around round-nosed rectangular with bed sill.
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Methodology

The experiments were carried out in a rectangular flume with 15 m length, 0.9 m width and 0.6 m
height. A round-nosed rectangular pier with the ratio of L/b=2 and the width of 30 mm was installed
at the center of the test section 1 m long. The test section was filled with uniform sand particles of 0.72
mm medium diameter and geometric standard deviation of 1.2. The coordinates of the pier location are
x=0 and y=0. A 1-cm-thick PVC plate as wide as the channel width and flush with the bed was used
as the bed sill at downstream of the pier. The bed sill was attached to back of the pier. The local scour
test was carried out under conditions that the ratio of flow velocity to the critical flow velocity was
0.92. The longitudinal, transversal, and vertical velocities in the centerline of the channel were
measured using by Acoustic Doppler Velocimeter (ADV). The velocity fluctuations at each point were
measured with a frequency of 200 Hz and a sampling duration of 120 s, such that 24000 data samples
were captured for each velocity component. Velocity profiles were measured in 9 different positions
at upstream and downstream of the bridge pier. After measuring the velocity fluctuation data, WinADV
was used to filter and process the velocity and turbulence data. The velocity data was processed based
on two key parameters, signal to noise ratio (SNR) and correlation coefficient (COR). Velocity data
with SNR of less than 15 dB and COR of less than 70% was filtered out.

Results and Discussion

Bursting events were analyzed using quadrant analysis. For this purpose, a computer program was
written in MATLAB. The occurrence probabilities profiles of each events at upstream and downstream
of the pier for H=0 are shown in Fig. (1). The results indicate that at upstream of the pier and near the
bed (z/h<0.03), occurrence probabilities outward interaction and inward interaction are dominant. By
increasing the distance from the bed due to the velocity reversal phenomenon near the bed, the
occurrence probabilities of ejection and sweep become dominant. By averaging of occurrence
probabilities at depth in upstream of the pier, it was found that the sweep event has highest occurrence
probability than other events, which followed, by ejection, outward interaction and inward interaction
events have highest occurrence probabilities. In downstream of the pier, near the bed (Fig. 1b), outward
interaction and inward interaction events than ejection and sweep events are highest occurrence
probabilities. The occurrence probabilities of outward interaction and inward interaction events
become nearly the same in outer region. The other two events, ejection and sweep, have nearly the
same occurrence probabilities.
The variations |SLH| as a function of the hole size H for each quadrant at z/h=0.1 at upstream and
downstream of the pier are shown in Fig. (2). The results indicate that ejection (I1) and sweep (1V)
events are dominant and outward interaction (1) and inward interaction (I11) events appear to contribute
weakly to the Reynolds shear stress production. In general, the contribution of each events to the
Reynolds shear stress production in downstream of the pier due to the presence of bed sill are weaker.

—e—[—8—I =l ——1IV
50 50

Py (%)

0 0.2 0.4 0.6 0.8 0 0.2 04 0.6 0.8
zh z'h

Fig 1- Occurrence probability of bursting event for each quadrant (I, 11, 111, 1V); (a) upstream of the
pier, (b) downstream of the pier
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Conclusions

At upstream of the pier, it was found that sweep event than ejection, outward interaction and inward
interaction events has highest occurrence probabilities. In downstream of the pier, near the bed,
outward interaction and inward interaction events are highest occurrence probability. In addition,
investigation the variations |SLH| as a function of the hole size H at z/h=0.1 it shown that the ejection
and sweep events are dominant and as well as the contribution of each events to the Reynolds shear
stress production in downstream of the pier due to the presence of bed sill are weaker.
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Fig 13- Occurrence probability of bursting event for each quadrant (1, I, 111, 1V); (a) upstream of
the pier, (b) downstream of the pier
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Introduction

Soil mechanical properties change with increasing humidity and saturation. In some soils, due to
increased humidity, certain phenomena sometimes lead to damages in construction projects. These
soils are called water-sensitive soils (Askari & Fakher, 1995). One type of these soils is dispersive
soil. Dispersive means the separation of fine particles from each other, which leads to soil erosion.
Divergence is a phenomenon in which soil particles float due to contact with water and exit the
ambiance because of the force generated by water flow. It can be physical-chemical (clay) or
physical (fine sand and non-cohesive silt). The erosion of clay particles mainly triggers to overcome
repulsive forces between particles. In contrast, the transfer of particles in fine-grained sand is due to
their lack of adhesion and small size. This action causes internal erosion in the soil (Rahimi et al.,
2004). As a result, a divergence is a progressive event that begins with water flow from one point and
gradually expands. Recent experiences have shown that insufficient attention to this phenomenon has
caused adverse effects. The scouring of many earth dams, the walls of canals, and even the possible
failure of structures, especially in the vicinity of areas bordering water, are examples of such
problems (Sarshar, 1992). So far, extensive research has been carried out on the chemical divergence
of soils, and therefore, numerous chemical and physical methods have been proposed for their
determination. Although most scientists who have studied divergent soils have pointed to the
physical divergence of soil, a comprehensive study on how and why divergence of these soils occurs
and a basis for their identification and classification have yet to be addressed appropriately.

Methodology

The studied soil samples were collected from sandy banks of Karoon River and classified
according to ASTM D 422-87 standard. For further identification, soil density test (ASTM D 854-
87), soil moisture test (ASTM D 2216-90), standard density test (ASTM D 698-78), and Atterberg
limits test (ASTM D4318-87) have been carried out. Montmorillonite nano-clay was mixed with 1%
and 2% of the soil sample. Moreover, the cement and bedding clay were also mixed in a certain
percentage with sandy riverbank soils for comparison. The purpose of this soil selection was to
compare the effect of clay and nanoparticles. The Crumb test (ASTM-D6572), double hydrometric
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(ASTM D4221), Pinhole test (ASTM D4647), and water absorption coefficient test (ASTM C128-
97) were performed for each mixture of samples. Also, the California bearing capability (CBR) was
used to determine the capacity of loaded soil, according to ASTM D1883-87 standard.

Results and Discussion

The results show the positive effects of all three additives on the reduction of dispersion potential.
In the design of mixing 2% nano-clay and 7% cement, the soil samples became non-dispersive. The
results of the dispersive percentages chart indicate a positive trend in reducing about 10% of this
index in the 7% cement mix design (Fig. 1).
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Fig. 1- Comparison of the performance of fixed samples in pinhole test

In Pinhole experiments on soil dispersive correction, the proper performance of all three materials
has been shown. The use of nano-clay with 2%, cement with 7%, and clay with a ratio of 1.6 would
modify the physical divergence in sandy soils. The factor that stabilizes the sand samples is the
bonding of sand particles with sticky materials. Naturally, the specification and amount of fine-
grained material will have a definite effect on adhesion and divergence. Based on the plotted
diagrams, in nano-clay, water absorption with increasing mixing ratio first decreased and then
increased. This factor is reduced for cement, thus would reduce the water absorption by increasing
the amount of cement in the soil. In addition, incorporating a higher amount of sticky clay in the soil
sample leads to enhancement of water absorption. Maximum water absorption was obtained for 1/3
bedding clay and minimum water absorption for 7% of cement (Fig. 2).
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The results also showed that the range of bearing capacity changes in cement is more than nano-
clay. The highest amount of CBR for the 2% nano-clay with 7% cement, while the smallest amount
is related to the mixing ratio of 1.6 clay.
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Fig. 1- Soil surface erosion due
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Fig. 2-Grading Diagram of Tested Soil
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Table 1- Specifications of Tested Soil
Soil Moisture Density Plasticity Index Dry
Classification Content (Gs) (%) Density
(%) 3
SM 11.06 2.6 NP 1.82
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Table 2- Specifications of Nano clay

Particle  Specific surface The Empty Color Moisture

size area Space between Content
particles

1-2nm 220-270(m?/gr) 60A. light yellow 1-2%

9 S (595 Wl OlbT s Y S
Table 3- The results of preliminary experiments on clay

Soil Moisture Liquid Plastic Plasticity Dry
Classification Content Limit Limit Index Density
(%) %) %) (%) )
cm
CL 31 44 26 18 1.75
Non-Dispersive Slightly Dispersive Dispersive

%

— \@8/ ]

= ——

o/

Highly Dispersive

JI;l

@3
f

Fig. 3- Interaction of soil particles and water content at crumb test
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Table 4- Classification of soils based on crumb test

Reaction

Descriptions

No Dispersive
Slight Dispersive
Moderate Dispersive

Crumbs may slake, but no sign of cloudiness caused by colloids in suspension
A bare hint of cloudiness in the water at the surface of the crumb.
Easily recognisable cloud of colloids in suspension, usually spreading out in thin

streaks on the bottom of the beaker.

Strong Dispersive

Colloid cloud covers nearly the whole bottom of the beaker, usually as a thick

skin.
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Fig. 4- The picture of the Crumb test on Dispersive soil
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Table 5- Classification of Dispersive Soils Based on dispersive Percent

Classification

dispersive Percent

No Dispersive
Slight Dispersive
Moderate Dispersive
Strong Dispersive

Less 30%
30% -50%
50% -75%
More 75%

Fig. 5- Double hydrometer test
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Table 4- Classification of soils based on pinhole test
Classification Descriptions
Dispersive It is easy to wash 50 mm with a water bar and remove the
colloidal solution

Moderate Dispersive

Non- Dispersive

With a water bar between 50 and 180 mm, it is washed slowly
and going out
Water is not washed out by more than 380 to 1020 mm, the water

is clear
Nipple cone
One laver of ° ) manufactured
e = / from metal with
wire Screen O/ B

, / 1.5mm hole
. dyilled in center

Two layers of

wire icrees
Oin 14-38m

—_
Fig. 7- Dimensions tested on pin hole device
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Fig. 6- A schematic picture of the pinhole
apparatus
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Table 7- crumb test result

Mixing different materials

Crumb test

Non-Sticky Soil

1% Nano clay

2% Nano clay
5% Cement
7% Cement
1/9 clay soil
1/6 clay soil

7% Cement+2% Nano clay

Dispersive
Slight Dispersive
No Dispersive
No Dispersive
No Dispersive
Slight Dispersive
Slight Dispersive
No Dispersive

45

40 B Percent Dispersive

w
(5]

32

Percent Dispersive(%o)
- - N N w
=} w (=] w =]

w

=]

30
27
21
I |

29
24
I |

soil 29%pnano 3%mano  5%cement

7%cement 1/9 claysoil 1/6 claysoil  29%nano

+7%cement

Mixing Different Materials

Fig. 8- Diagram of the percent dispersive in the double hydrometer test
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Table 8- Double hydrometer test Results

Mixing different materials Crumb test

Non-Sticky Soil Moderate Dispersive
1% Nano clay Moderate Dispersive

2% Nano clay No Dispersive

5% Cement No Dispersive

7% Cement No Dispersive
1/9 clay soil Moderate Dispersive

1/6 clay soil No Dispersive

7% Cement+2% Nano clay No Dispersive

100

B
~
s 60
o
o
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& «
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B = J%nano clay
20 — N Cluy
e TheC orrwt
e 20 0nano+ T o coment
o
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Fig. 9- Comparison of the performance of fixed samples in pinhole test
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Table 9- pinhole test Results

Mixing different materials Crumb test
Non-Sticky Soil Dispersive
2% Nano clay Moderate Dispersive
5% Cement No Dispersive
1/9 clay soil No Dispersive
7% Cement+2% Nano clay No Dispersive
50

a5

B Absorption Water
40
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-% 20
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Mixing Different Material

Fig. 10- The Absorption Water
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Interduction

The occurrence of climate change and its impact on water resources such as reduction of surface
water flows has led to vulnerability and instability of farmers' livelihoods. Currently, Qazvin plain
is one of the regions of Iran that is facing water crisis and severe water shortage. The reduction of
water allocated from Taleghan Dam to Qazvin plain has led farmers to take unauthorized harvesting
of water from wells in order to provide their livelihoods (Hosseini and Mazandarani Zadeh, 2022).
Despite farmers draining groundwater aquifers, most of their livelihoods still face problems due to
crop price fluctuations. Therefore, in this study, with the aim of providing livelihood to farmers
and preserving groundwater resources, the price of agricultural products has been predicted using
inverse demand function, Artificial Neural Network (ANN) and nonlinear regression methods. The
inverse demand function and ANN methods were used to predict the price of products without
guaranteed purchase price and ANN and nonlinear regression were used to predict the price of
products with guaranteed purchase price including wheat, barley, sugar beet and rapeseed.

Materials and Methods
Study area

The irrigation network of Qazvin plain is located 150 kilometers from Tehran. The purpose of
this network is to transfer Taleghan water through the dam to the Qazvin plain and cover about
58,000 hectares of land in Qazvin (Hashemi et al., 2020).

Invers demand function

The inverse demand function is a function in which price is expressed as a function of supply
guantity and is used to predict the price reaction of products to the amount entering the market. In
other words, using the inverse demand function, price changes can be predicted based on the
amount entering the market, and it can be used as a policy tool to regulate prices (Salami and
Rezaei, 2011).
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Avrtificial Neural Network
Artificial Neural Network are a model for information processing made by mimicking the
biological network of the human brain (Raei et al., 2020).

Results
A- Products with guaranteed purchase

The comparison of the ability of the ANN and the exponential function in predicting the
guaranteed purchase price indicates the higher ability of the ANN in predicting the price.

B- Products without guaranteed purchase

Price elasticity of demand for fodder corn, tomatoes, alfalfa, chickpeas, pinto beans, potatoes,
maize, and lentils was estimated -0.508, -1.111, -0.954, -0.914, -0.374, -0.529, -0.363 and -0.332
and -0.332 respectively. Investigation of inverse demand function ability and ANN indicates
greater ability of ANN in price forecasting. In order to ensure that the predicted prices for products
that do not have a guaranteed purchase depend on the amount of production, the sensitivity analysis
of the inverse demand system and the artificial neural network with the input elimination method
was done. Despite the high ability of ANN in price prediction, the prices predicted by this method
have little dependence on the amount of production and the main reason for better price forecasting
with ANN is good learning of past prices. According to the main purpose of this study, which is to
find the relationship between the amount of production and price, using the inverse demand
function method is better than ANN.

Discussion

The results show the high ability of ANN to predict the price of products with guaranteed
purchase and products without guaranteed purchase. Also, the price predicted by ANN has a small
dependence on the amount of production as the most important factor affecting the price compared
to the inverse demand function method. Therefore, in economic studies, the predicted prices for
agricultural products without guaranteed purchases cannot be relied against by ANN method.
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Table 1- Comparison of the ability of nonlinear regression and artificial neural network in
predicting guaranteed purchase in the calibration stage (Rials)

Crop MAE MSE

Name  Exponential Logarittmic  Power ~ANN  Exponential  Logarithmic Power ANN
wheat 1459.5 6400.2 6662.1 302.5 2694517.7 40966932.9  44383497.3 93858.5
barley 1845.7 5359.9 5624.8 300 3666223.8 29121741.8 31639335.9  130832.5
Sk;’ege"’t“ 686.4 1633.2 17124 1286  478109.7 26724172 29357121  22742.4
canola 7599.7 12899.3 12899.3 934 577811164.2 164987121.9 169804819.3 954152
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Table 2- The demand function of fodder corn, tomatoes, alfalfa, chickpeas, beans, potatoes, maize,

and lentils

Crop Name Demand function R?
Fodder corn InD = —0.501LnP + 0.345LnPm + 1.255LnPo + 0.302LnPmi 0.972
Tomato InD = —1.111LnP + 1.724LnCp — 0.874Lnlp 0.745
Alfalfa InD = —0.954LnP + 17.323LnPo + 0.322LnCp + 0.166Lnlp — 221.468 0.999
chickpeas InD = —0.915LnP + 2.524LnCp — 1.290Lnlp — 1.787LnPm 0.606
beans In = —0.374LnP — 0.043LnIm — 0.501LnEX + 0.228Lnlp + 0.549LnDo 0975

+ 1.005LnPo '
InD = —0.529LnP + 1.162LnCp + 1.094LnPo — 0.903Lnilp — 2.089LnPr

Potato + 0.838LnDo 0.791
Maize InD = —0.428LnP + 0.303LnPw + 0.297Lnlp + 1.546LnPo 0.632
Lentils InD = —0.332LnP — 0.418LnA — 0.026Lnlv + 22.236 0.627
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Table 3- Comparison of the ability of the inverse demand function and the artificial neural network
in predicting the price of fodder corn, tomatoes, alfalfa, chickpeas, beans, potatoes, maize, and lentils
in the calibration stage (Rials)

Crop name ANN Inverse demand function
MAE MAE MSE
Fodder corn 186.9 213.8 74575.1
Tomatoes 385.6 875.5 1056815
Alfalfa 599.7 2365.6 5732421
Chickpeas 4111.2 69849511 7858.7 20542591
Beans 11694.7 136767529 18971.5 262114361
Potatoes 1225.2 782.7 817923
Maize 561.7 336156.6 8257.2 48469803
Lentils 2662.8 9229.8 119200903
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Table 4- Sensitivity analysis of the production amount in the inverse demand function (Rials)

MAE MSE
Crop name Remove production quantity Remove production quantity
Fodder corn 2541.9 7404207.7
Tomatoes 2905 8717910.3
Alfalfa 7401.7 54861096
Chickpeas 25347.1 652629479.4
Beans 148377.7 22183176220.7
Potatoes 8541.6 72975038.2
Maize 12774.5 192100728.8
Lentils 163083.5 13142836211.4
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Table 5- Sensitivity analysis of artificial neural network inputs (Rials)

MAE
Cro
nam?e RemO\_/e Removal of the sale price of ~ Removal of the sale price of  Remove
production . . . . . .
. Sir Jaliz for the past two years Sir Jaliz last year inflation
guantity

Fggfner 412.7 1069.9 1829.8 187.2

Tomatoes 918.6 1746.9 765.6 525.6
Alfalfa 676.3 2373.4 5668.3 1336.3
Chickpeas 15 20054 10720.5 8151.5
Beans 19753.5 23989.5 28066.5 1812.5

Potatoes 491.3 1255.9 2148.9 500.2
Maize 5196.2 4940.2 4771 5341.2
Lentils 368 36220.5 4539.5 2038.5

(JU3) (Fgman ouas 400 SGS5959 Camlus 30T -1 Joax
Table 6- Sensitivity analysis of artificial neural network inputs (Rials)
MSE

Removal of the sale  Removal of the sale
price of Sir Jaliz for price of Sir Jaliz Remove inflation

Cropname  Remove production

quantity the past two years last year
Fodder corn 185303 1170024 3360872 434344
Tomatoes 1140088.45 4951094.85 1159342.93 278362.17
Alfalfa 498502.8 5652911.6 32162676.1 2030935.7
Chickpeas 25 472471141 138719126.5 72085202.5
Beans 414156892.5 629247002.5 843551734.5 3489912.5
Potatoes 300133.5 1946584.1 8935016.9 270081
Maize 48493861.6 24448076 23063873.3 53170668.5
Lentils 270848 1318944471 35218566.5 4353062.5
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Abstract

Considering that agriculture is the largest consumer of water resources in the world, if humanity wants to
face the challenges that are ahead of it in the future, it must reduce the amount of water consumption in the
agricultural sector to sustainable consumption. Agriculture as the main water consumer in Minab city has
attracted a lot of attention. This study was carried out with the aim of estimating the water footprint in the
agricultural sector of Minab city to optimize the crop cultivation pattern. so; First, the water footprint was
estimated in the introduced components (blue, green and gray) and based on the net benefit and yield,
economic value and land value were estimated for each category of agricultural products, and then with the
aim of reducing the water footprint and increasing the net benefit Cultivated area of each category of products
(legumes, garden, oilseeds, fodder, cereals, jalizi, vegetables) during 1386 to 1400 in two scenarios of
optimizing the cultivated area based on benefit maximization and optimizing the cultivated area based on the
ratio of footprint to benefit , was optimized. The results showed that by applying the net profit maximization
scenario (the first scenario), the cultivated area decreases by 12% and the agricultural production and water
footprint increase by 61% and 13%, respectively. A very slight change (5% decrease) can be seen in the net
profit, but in the second scenario, with the aim of maximizing the net profit compared to the footprint, the
cultivated area decreases by 12%, agricultural production increases by 79%, and the volume of water
footprint decreases by 11%. A very minor change (5% decrease) can be seen in the net profit, so the water
footprint perspective in the composition of agricultural products in the region has been significantly effective
in water security.

Introduction

Todey, many researchers believe that in the future war between countries will be over water
(Sullivan, 2002). Iran is located in the arid middle belt of the earth and although it covers 14% of
the total area of the earth, it has only 2% of precipitation. Iran ranks 14th in water stress in the
world among the 16 countries that have the highest water stress (Reddy et al., 2022). One of the
southern provinces of Iran is Hormozgan, where agricultural products are cultivated out off season
(Bazrafshan et al., 2019). Minab county is one of the three main agricultural poles in this province.
For this purpose, estimating the water footprint plays an important role in optimizing the cultivation
of agricultural products. The optimal cropping pattern is a plan that is compiled with the aim of
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optimally managing the spatial composition of the product, and considering the extent of the border
area of the Iran and the climatic diversity of various regions, reaching a suitable cropping pattern
that can create the maximum exploitation of production factors and inputs is an inevitable
necessity. This study was carried out with the aim of estimating the water footprint in the
agricultural sector of Minab county to optimize the crop cultivation pattern.

Materials and Methods

In this research, the data related to the date of cultivation, type of soil, cultivated area, yield per
unit area, amount of production of various types of agricultural products in seven categories of
products (leafy vegetables, cucumbers, grains, fodder, oilseeds, horticulture and legumes) prepared
from Minab Agricultural Jihad yearbook and Hormozgan province.

Data sources: data used in this research include climatic data (humidity, precipitation, wind

speed, temperature, sunshine hours and air pressure), crop data (yield, cultivation area and
production, agricultural product prices, plant evapotranspiration, irrigation efficiency, water and
irrigation requirement, length of growth period, etc.) and land and surface soil management data,
which are collected from Ministry of Jihad Agriculture, Islamic Republic Iran Meteorological
Organization (IRIMO) and Planning and Budget Organization of Hormozgan.
In this research, the water footprint framework of Hoekstra et al. (2011) has been used to estimate
the water footprint components including blue, green and gray footprints. In order to optimize of
cultivated area, the water footprint was estimated in the introduced components and based on net
benefit and yield, economic water and land value were estimated for each category of agricultural
products, and then with the aim of reducing the water footprint and increasing the net benefit, the
crops were optimized in two scenarios: optimization of cultivated area based on benefit
maximization and optimization of cultivated area based on the ratio of footprint to benefit, the
cultivated area of each category of during the 2016 to 2021.

Results and Discussion

Based on the results, in the first scenario, with the optimization of the cultivated area, which is
the only goal of benefit maximization, the changes of production variables, cultivated area, total
volume of the footprint and net income were investigated in the current and optima state. Based on
the results, the net income was 5% decrease and the total volume of the footprint has increased by
15% and also due to the 10% decrease in the cultivated area, the production has decreased by 35%
(Table 1).

Based on the second scenario, in the optimization of the cultivated area with the aim of
maximizing the benefit-to-footprint ratio, water and food security can be optimized, because the
average footprint in the second scenario has decreased by 91%, the volume of the footprint in the
second scenario in legumes 95%, horticulture products 91%, oil products 83%, fodder products
96%, cereals 98%, cucumber 92% has decreased compared to the current situation. According to
the results, the amount of net income in the second scenario has decreased by a very small amount
(1%) while the net income in fodder and beens products has increased by 97% and 71%,
respectively, and leguminous, horticultural, oil products, and Grain has decreased by 75%, 17%,
15% and 97%. Considering that the average cultivated area of agricultural products has not changed
in the second scenario, while fodder and cucumber products have increased by 97 and 83 percent,
and legumes, horticultural products, oil products and grains have decreased by 77%, 22%, 35%
and 97%.
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Table 1- Optimization of cultivation area based on studied scenarios

Group Production Area (ha) (It/l/\(/:vl\[jl) Net B(MUSD)

Beans 0.94 112.7 0.4 0.5
Horticulture 92.24 9073.8 133.7 119
Oil 0.38 78 0.8 0.2
Current situation Fodder 4.4 76 0.5 0.7
Cereal 0.67 228.6 1.3 0.5
Cucumber 77.19 2774.1 20.2 26.7

Total 176.15 12377.3 156.9 147.7
Beans 2.76 300 2 14

Horticulture 105.71 9810.5 171.6 136.4
Oil 0.32 50 0.8 0.2
Scenariol Fodder 1.74 30 0.2 0.3
Cereal 2.19 750 5.9 15
Cucumber 0.78 30 0.2 0.3
Total 113.4 10970.5 180 140
Beans 0.4 25 0.5 0.23

Horticulture 133.7 7057.25 119 76.04
Oil 0.8 50 0.2 0.32
Scenario2 Fodder 0.5 150 0.7 8.7
Cereal 1.3 6 0.5 0.02

Cucumber 20.2 5079 56.7 132.01

Total 156.9 12367.3 147.6 217.33

VWF (MCM): Volume of water footprint based on Million m3 and Net B: Net benefit

Conclusion

The purpose of this research is to optimize the cultivated area of agricultural products based on
the water footprint concept. In terms of the performance of agricultural products, the highest yield
is related to the category of fodder crops and grains (corn and barley) have the lowest yield. The
investigation of the total water footprint showed that the category of horticulture products has the
highest and the lowest amount of water footprint is related to the category of fodder products.
According to the cultivated area and crop production in the category of horticulture and cocumber
products, the largest volume of virtual water belongs to these two categories of products. The
economic value of water showed that this amount is high in the category of bean products and the
least related to oil products. The highest average value of land is related to the category of cereal
products and the lowest is related to the category of fodder products. The value of the land is
directly affected by the yield and price of the products. As we expected, in the second scenario, in
the optimization of the cultivated area with the aim of measuring the profit-to-footprint ratio, water
and food security can be optimized, while on average, the average footprint in the second scenario
has decreased by 91% and the net income has increased. Is. In the first scenario, the cultivated area
has decreased by 10%, the total footprint has increased by 15%, net income has decreased by 5%,
and production has decreased by 35%.
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Beans Green beans 170.00 0.47% 1553.33 0.25%
Horticulture Citrus 8232.50 22.77% 99916.38 15.80%
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Anion 3738.30 10.34% 106224.43 16.79%
Cocumber Cucumber 2540.00 7.02% 53020 8.38%
Pepper 304.29 0.84% 4725.71 0.75%
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Table 2 — Crop variables of the case study

Product group Name Pe(mm) ETc(mm) (C,T\{\,;F; Clz(kl;/lrt];a)te)
Bean 52 401 349 100
Beans Green beans 76 232 156 100
Citrus 84 1129 1045 330
Horticulture Dates 51 1554 1503 220
Fodder Surghom 0 459 459 150
Barley 122 323 201 150
Cereal Wheat 89 306 217 150
Pumpkins 69 296 227 100
Eggplant 84 515 431 200
Onion 92 496 404 250
Cucumber Cucumber 31 406 375 250
Pepper 69 239 170 300
Tomato 91 493 402 360
Watermelon 0 417 417 300

CWR: Crop water requirement; CF: Chemical fertilizer
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Tabel 2- Average of WF component of agricultural products during 2007-2021
Name Yield (ton/ha)  WFgreen(m®/ton)  WFaie(m¥/ton)  WFarey(m®/ton) ~ WFT (mton)  VWF (MCM)
Bean 8.21 65.62 440.39 126.19 623.26 0.25
Green beans 11.33 84.33 173.1 110.96 368.4 0.55
Citrus 12.23 69.03 858.79 164.36 1092.18 109.41
Dates 5 106.38 3134.97 22.32 3929.67 1753.97
Surghom 71.35 0 69.36 22.23 91.59 0.43
Barley 2.85 491.91 810.44 604.81 1907.15 0.13
fhdnWheat 2.78 561.15 1368.19 945.75 3820.84 211
Pumpkins 15.27 50.66 124.82 73.42 228.31 0.1
Eggplant 29.68 31.23 160.26 74.37 263.48 24.7
Onion 29.25 34.1 149.73 92.79 272.81 27123
Cucumber 20.32 17.73 214.49 142.99 375.21 16.66
Pepper 16.15 84.35 207.81 36.67 328.26 0.81
Tomato 33.84 3117 137.69 123.3 287.01 30.33
Watermelon 22.2 0 223.84 3367.2 13968.65 28.38

VWF=Volume of WF
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Table 4- Optimization of cultivation area based on studied scenarios

Group Production Area (ha) (I:/I/\évl\ljl) Net B(MUSD)

Beans 0.94 112.7 0.4 0.5
Horticulture 92.24 9073.8 133.7 119
Qil 0.38 78 0.8 0.2
Current situation Fodder 4.4 76 0.5 0.7
Cereal 0.67 228.6 1.3 0.5

Cucumber 77.19 2774.1 20.2 26.7

Total 176.15 12377.3 156.9 147.7
Beans 2.76 300 2 14

Horticulture 105.71 9810.5 171.6 136.4
oil 0.32 50 0.8 0.2
Scenariol Fodder 1.74 30 0.2 0.3
Cereal 2.19 750 5.9 15
Cucumber 0.78 30 0.2 0.3
Total 113.4 10970.5 180 140
Beans 0.4 25 0.5 0.23

Horticulture 133.7 7057.25 119 76.04
Oil 0.8 50 0.2 0.32
Scenario? Fodder 0.5 150 0.7 8.7
Cereal 1.3 6 0.5 0.02

Cucumber 20.2 5079 56.7 132.01

Total 156.9 12367.3 147.6 217.33

VWF (MCM): Volume of water footprint based on Million m® and Net B: Net benefit
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Fig. 4 Results of changes in studied variables optimization scenarios
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Introduction

Currently, one of the criteria for determining the scientific ranking/status of countries and the basis of
their development in various fields is the amount of their scientific publications and their application
by researchers. One of the traditional methods for measuring and evaluating scientific productions is
scientometrics. In a general view, scientometrics can be considered as an essential part for evaluating
the scientific productions of any specialized field (Karimpour, 2016). Iran has a very good capacity for
agriculture with agricultural lands and suitable weather and climate. Therefore, agriculture in Iran is
known as the axis of development, as the axis of agricultural development is water. Water plays a vital
role in human societies and is one of the infrastructures for the development of economic sectors, and
it is also significant in Iran from various dimensions (Heydari, 2014). The current research aims to
analyze the synonyms of water science articles in Scopus and Web of Science databases during the
years 2011 to 2021.

Research questions

What is the shape of the keywords of water science articles in Scopus and Web of Science databases
in the period from 2011 to 2021? What are the emerging keywords in the field of water science in
Scopus and Web of Science databases between 2011 and 2021? What are the core keywords in the
field of water science in Scopus and Web of Science databases in the period from 2011 to 2021? What
is the network structure of core subjects of water science articles in Scopus and Web of Science
databases in the period from 2011 to 2021? What are the subject clusters of water science articles in
the Scopus and Web of Science databases in the period from 2011 to 2021? What is the structure of
the indexed keywords of articles in the field of water science in the Scopus and Web of Science
databases in the period from 2011 to 2021?

Methodology
The method of the present research is co-occurrence analysis of words with a scientific approach.
In this method, by analyzing the words used in articles and other scientific texts, it becomes possible
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to draw a conceptual map of science in each of the fields of knowledge. This method is based on the
idea that the occurrence of words in a document shows that those words are related and that a major
part of the content of the document is related to those words. Therefore, if we measure the rate of this
co-occurrence, we can draw the concept network of a scientific field. In this method, to measure the
degree of connection between entities, indexes are made based on the frequency of co-occurrence, and
based on these indexes, entities are clustered in groups and displayed in the form of a network and
analyzed. As mentioned, this method is based on the measurement of important and common words
and phrases in scientific texts. Based on this, in the present research, first, in order to determine the
most important external keywords, the scientific data of the field of water sciences takes the highest
frequency of occurrence as a criterion, and in order to analyze the co-occurrence of words in this field,
a list of words with the highest frequency of occurrence will be prepared. The data needed for this
research were extracted from O Science and Scopus. The reason for choosing OScience and Scopus is
its global acceptance in terms of topical and temporal coverage of a wide range of publications around
the world, as well as the basic facilities and capabilities of this database in searching, classifying and
displaying results.

Research community

The current research community includes 32,849 records of the scientific outputs of researchers in
the field of water science indexed in the Web of Science and Scopus during the years 2011 to 2021,
which were collected and stored in June 1402.

Fnding

According to Table (1), in this research, in total, 312920 keywords have been assigned to Scopus
and Web of Science databases by the authors and the database index, among which two-word
compound keywords are the most frequent. After that, there are three-word and simple keywords
with a big difference so that 52.13 percent are two-word compound keywords, 20.91 percent are
three-word compound words, and only 12.31 percent of keywords are simple words.

Table 1- The shape of the keywords of water related articles in the Scopus and Web of Science databases
in terms of simplicity and complexity.
Compound keyword

Simple

Keyword form keyword Two words Three words Morev\tgsgsthree Total
Abundance 38589 163177 65500 45652 312920
Percent 12.31 52.13 20.91 15.57 100
Discussion

In this research, the shape of the author's keywords and the indexed keywords of water related
articles in the Scopus and Web of Science databases were examined in terms of simple and complex
and the number of keywords and it was determined that compound words were used more than simple
words in the author and indexed keywords of the Scopus database as well as the author keywords of
the Web of Science database. Therefore, in all these cases, more than 80% of the keywords were
composed of compound words, among which two and three word expressions were used the most.
After that, two four-word phrases and single-word keywords were used the most. Therefore, it can be
concluded that the authors and indexer of the Scopus database have found two and three word
expressions to be better descriptors for the text content of the articles, and the need to use more words
to express the content of the text was not felt. This is despite the fact that the form of the keywords in
the keywords indexed in the Web of Sense database is different, and most of the used keywords are
simple and then two-word compound. This research is consistent with the research by Karimpour
(2016) and Jacobs (2014). The average number of words used in the keyword for the author's keywords
of the Scopus database is 2.58 words, the indexed keywords of the Scopus database are 2.39 words,
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the keywords of the author of the Web of Science database are 2.59 words and for the keywords
indexed by Web of Science database is 1.87 words. In general, it can be concluded that two- and three-
word expressions are considered better descriptors for the content of the text.

In the present research, by examining the topics and keywords of the author and indexed in the
Scopus and Web of Science databases, the following results were obtained: More than 80% of the
keywords assigned to water articles are two-word or three-word compound words. * The average
number of the author's keywords in both databases is 60, the average number of indexed keywords in
both databases is 15, and the total average of the author's and indexed keywords in both databases is
2.36. The words heavy metals, gradual analysis (erosion), water structures, wastewater treatment,
and artificial neural networks also had the highest degree of centrality, and this means that these words
have the least distance in connection and connection with other words in the field of "water" and are
directly connected to other nodes with fewer intermediaries. Also, the words water resources, climate
change, and water management had the highest degree of centrality; That is, they have the best position
to establish communication with other groups, and in this way, these words are the connecting factor
of many words in the synonymy network of the "water" field, and in fact, their absence will cause a
disconnection between two or more words.
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Table- The shape of the keywords of the author of articles in the field of water resources in the Scopus

database in simple and compound terms
Compound keyword

Simple

Keyword form keyword Two words Three words Morev\tgfgsthree Total
Abundance 9463 25197 12632 12673 59991
Percent 15.71 41.88 21.28 21.05 100
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Table 2- The shape of indexed keywords of articles in the field of water resources in the Scopus database

in simple and compound terms
Compound keyword

Simple

Keyword form keyword Two words Three words More than three Total
words
Abundance 14082 107903 37917 10732 130642
Percent 7.78 59.73 30.96 11.45 100
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Table 3- The shape of the keywords of the authors of the water related articles in the Web of Science

database in terms of simplicity and complexity
Compound keyword

Simple

Keyword form keyword Two words Three words More V\tlgigsthree Total
Abundance 6936 29889 12320 10732 52429
Percent 13.8 43.23 23.35 20.26 100
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Table 4- The shape of indexed keywords of water related articles in the Web of Science database in

terms of compound and simple
Compound keyword

Simple
Keyword form keyword Two words Three words Morev\tgz:gsthree Total
Abundance 8059 7110 2412 1521 19152
Percent 42.06 37.10 12.58 8.18 100
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Table 5- The shape of the keywords of water related articles in the Scopus and Web of Science databases
in terms of simplicity and complexity.

Compound keyword

Simple
Keyword form keyword Two words Three words More V\:g?cr;sthree Total
Abundance 38589 163177 65500 45652 312920
Percent 12.31 52.13 20.91 15.57 100
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Table 6- The list of eight emerging author keywords with the highest frequency in the field of water in
the Scopus database

Row Author Scales
1 CHEN X 934
2 Hung Y 688
3 Singh VP 587
4 Karamouz M. 492
5 Shao QX 454
6 XuCY 380
7 Singh A. 361
8 Hanasaki N. 360
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Table 7- The list of twenty newly indexed keywords with the highest frequency in the field of water in
the Scopus database

Row Keyword Abundance Row Keyword Abundance
1 Resource 1527 11 Runoff 643
2 climate change 1154 12 Country 642
3 Precipitation 903 13 Uncertainty 630
4 Increase 875 14 Rainfall 592
5 Soil 844 15 Production 570
6 Irrigation 838 16 Season 565
7 Trend 825 17 Crop 560
8 Temperature 762 18 Simulation 561
9 Groundwater 727 19 Drought 549

10 Concentration 648 20 discharge 545
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Table 8- The list of twenty emerging author keywords with the highest frequency in the field of water in
the Web of Science database

Row Keyword Abundance Row Keyword Abundance
1 Resource 813 11 Runoff 206
2 climate change 564 12 Country 186
3 Precipitation 372 13 Uncertainty 169
4 Increase 372 14 Rainfall 160
5 Soil 341 15 Production 152
6 Irrigation 337 16 Season 138
7 Trend 323 17 Crop 125
8 Temperature 268 18 Simulation 121
9 Groundwater 253 19 Drought 112
10 Concentration 214 20 discharge 108
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Table 9- The list of twenty newly indexed keywords with the highest frequency in the field of
water in the Web of Science database

Row Keyword Abundance Row Keyword Abundance
1 Precipitation 795 11 Runoff 96
2 climate change 427 12 Country 90
3 Resource 364 13 Uncertainty 87
4 Increase 305 14 Rainfall 87
5 Soil 266 15 Production 77
6 Irrigation 198 16 Season 75
7 Trend 149 17 Crop 74
8 Temperature 149 18 Simulation 65
9 Groundwater 109 19 Drought 64

10 Concentration 96 20 discharge 60

9 el ol Egnme 50 DT )9 38 (913 (0 shdey (51318 39ab g5 O 5 0319 oy w108 -+ Jgu
obe 9T 99
Table 10- The list of twenty emerging author keywords with the highest frequency in the field of water
in Scopus and Web of Science databases

Row Author scales
1 CHEN X 1747
2 Hung Y 1252
3 Singh VP 911
4 Karamouz M. 833
5 Shao QX 752
6 XuCY 733
7 .Singh A 707
8 Hanasaki N. 697
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Table 11- The list of twenty newly indexed keywords with the highest frequency in the field of

water in the Scopus database

Row Keyword Abundance Row Keyword Abundance
1 Resource 1581 11 Runoff 727
2 climate change 1527 12 Country 748
3 Precipitation 1125 13 Uncertainty 643
4 Increase 903 14 Rainfall 642
5 Soil 875 15 Production 630
6 Irrigation 866 16 Season 615
7 Trend 844 17 Crop 589
8 Temperature 838 18 Simulation 570
9 Groundwater 815 19 Drought 565
10 Concentration 762 20 discharge 561
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Table 12- The list of twenty keywords of the core author with the highest frequency in the field of water

in the Scopus database

Row Author scales Row Author Scales
1 CHEN X 934 5 Shao QX 454
2 Hung Y 687 6 XuCY 380
3 Singh VP 587 7 Singh A. 361
4 Karamouz M. 492 8 Hanasaki N. 360
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Table 13- The list of twenty indexed core keywords with the highest frequency in the field of water in the
Scopus database

Row Author Scales Row Author Scales
1 Resource 1527 11 Runoff 643
2 climate change 1154 12 Country 641
3 Precipitation 908 13 Uncertainty 630
4 Increase 675 14 Rainfall 592
5 Soil 844 15 Production 570
6 Irrigation 838 16 Season 565
7 Trend 825 17 Crop 560
8 Temperature 762 18 Simulation 561
9 Groundwater 727 19 Drought 549
10 Concentration 648 20 discharge 540
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Table 14- The list of twenty keywords of the author of the core with the highest frequency in the field of
water in the Web of Science database

Row Author scales Row Author Scales
1 Resource 813 11 Runoff 206
2 climate change 564 12 Country 186
3 Precipitation 372 13 Uncertainty 119
4 Increase 372 14 Rainfall 164
5 Soil 341 15 Production 160
6 Irrigation 327 16 Season 157
7 Trend 323 17 Crop 138
8 Temperature 268 18 Simulation 125
9 Groundwater 253 19 Drought 121
10 Concentration 214 20 discharge 113
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Table 15-Cohesion indicators of the network of core topics in the keywords of the author of the water
domain in the Scopus database
Density Network Clustering coefficient Network diameter Compactness Network
0.424 0 3 0.711
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Table 14-. Cohesion indicators of the network of core topics in the indexed keywords of the water
domain in Scopus database

Density Network Clustering coefficient Network diameter Compactness
Network
0.884 0 2 0.941

T Pole 03g> 10 UVl oul dlod (Sl o 3lguals” HlisLe
Y1) Sloj ol 5o wislugT 99 9 wes okl SOk 5
Sl 4igl> VoYY G

5 0l ke o3laadls” ghly Ve sl lawl jo s copl
s (b gl Slld 5 pp it ol g 5 pogsSul
Sojla s IS5 5 2wl s g D95 (0 asudie YoV B YN
255 0 )18 S 3y90 080k 93l 3 00 ales

R gl ol

SVl 1o > A Loy dmd o Lt (V) Jgds 45 jgbolon
i wesgSal ;3 o diles o3lellS” gl dlie OVFe Lo

4 025 4los o3lgalS DIV ggaze 3 (V1) Jpio 4 a2 95 L
ol o wled slrojlaads o il ey olad] Sl
Sy gojladls oring laojlals asles (ugsSl
Wlosds edlitw! @ledS plo 5l g YYASFY Jlghs L (glaalSed
S ypo wldd odlitwl glaojlols I asyy FY/OY & g yba
o 3 00 g (claalSaw (claojlgads ol 5 o it (laslS'gs
500 18 dalS a3l g (gl jlganls
ol of D9 olb

5 o aled o3lgals” gl)ls Ylie duo > g dlaws (YY) Jodo
o ol 1y el sl o

dop 00 Loyl cosl paseie (YY) Jois jl &5 jsbplen
ol Gy odd wles o3ledS clyls dlie BVAL sle 5l Ve
ol aylod 03laalS” glyls Yo (YY) Jgdo doldl > nituds uislw
A3 o LB VYV B YW gl o)

=il Pole 03g> OV dd Olegoge 40d Hlisle
o3l 35 sl 9T 09 9 Lwsysul SLMI SholSl
WP R IR RN
5 GMadss s (JBe sl b ails & Hbul |
aSed (sl ol (al il o oS plomail il oSl jlab
dlre ogsSil oS0l sdiysi (sl 0]lgalST )3 e Clegige
5 PEYE Ll S JISs 45 ) 50 4Sh] & dongs b Ll
1l e preae sl 4545 gl sl PIVY Ll oS o515
1S 93 68 ol ] Sy des e by &S ol e (10 Jgie)

4 dawly aw Goyb 5l qen 5l dlold i b aSKs ol ) o)y
VF Jods) sl oads fuato (5508

oiale 3T g ol

Ok g3 (S0 3lguls” . A
Plp oSl S 483 ol 3 (W) g slaoshy 4 2255 L
soolie ol 48 ool ] ol A g 4S oS15 5 +/5Y - L
L o b plp GA0ads Cupd GEe g S 4 S35
ol sl )68 51 2V ploml 4 (&8 el o Sl
b asies ol )3 oflgals’ 93 o sl o Silo aw e b aSius
Alosd Jate S0u85 4 dawly dw 525k 5l o 5l dlold o iy
YVl oSl Je oSl ol 55 (W) Jgio @ 225 L
ool yhuo & S35 g /0 3 a8 Jlade ol a5 Slool )l
Ol a8 s 3)95 2 (VL ploa] ) S (pl 45 a3 0 Lt
b ass opl g o3lgndls 93 a8 cawl ) Soky dw lade b aSus
Alosd Jate SouSy 4 dawly dw 32)b 5l o Sl dlold o piiey



A
DOI: 10.22055/JISE.2024.45625.2111 o Ve G Slp0n ot 00n 5 552

PPl oSl 18 Ol 09 il dled (S Hguls” 13 diud Dlego g0 AT ploruil S sl 1Y oo
Table 16-Cohesion indicators of the network of core topics in the indexed keywords of the water domain
in the Scopus database
Density Network Clustering coefficient Network diameter Compactness Network
0.620 0 3 0.809
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Table No. 17-Cohesion indicators of the network of core topics in the indexed keywords of the water
domain in the Scopus database
Density Network Clustering coefficient Network diameter Compactness Network

0.331 0 3 0.663
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Table 18- The number and percentage of articles with keywords indexed in Scopus
Total number of Number of articles with keywords indexed in ~ Percentage of indexed keyword
articles Scopus articles
5140 4649 89.73
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Table 19- Total keywords indexed in water related articles in the Scopus database in terms of
simplicity and complexity
Compound keyword

Keyword Simple

form keyword Two words Three words More than Total
three words
Abundance 4334 32967 11161 3403 51860
Percent 8.34 63.54 21.50 6.54 100

b 9T 09 33 okl 4l 0 319uls”™ (51518 DY o wo 33 9 Sluxi Y1 ol Jgus
Table 20- Number and percentage of articles with keywords indexed in Web of Science

Total number of articles The number of articles with Percentage of indexed keyword
indexed keywords articles
5180 2858 55.16
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Table 21- The shape of indexed keywords of water related articles in the Web of Science database in
terms of simplicity and complexity

Compound keyword

Keyword Simple
f)c/)rm keyw%rd Two words Three words More than Total
three words
Abundance 2700 2675 1027 104 6502
Percent 41.50 41.05 15.78 1.59 100
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Introduction

With an average rainfall of 260 mm per year, Iran is one of the dry countries in the world with
limited water resources, which factors such as population growth, the need for more food, the need
to improve the level of health and social welfare, industrial development and ecosystem protection.
increases the water demand for these limited resources day by day (Taghizadeh et al., 2013). Also,
considering the recent droughts, the importance of water as a vital input becomes clearer. Today,
humanity is facing many problems for water supply in the rapid development process. This
situation in dry climates with low rainfall, where the ecosystems involved in water supply are more
fragile, with the occurrence of droughts and indiscriminate harvesting of water reserves, has made
the planners face more critical conditions. The rapid growth of the population and the need for
more production has caused the agricultural sector to have a greater demand for consumption than
other sectors that consume water, so the most important challenges of the agricultural sector of
these regions in the current situation is how to produce more food with less water (Saghafi et al.,
2018).

Considering the limitation of available water resources in the country and the increasing demand
for various uses of water in all its aspects and as a result reaching the critical limit of using
renewable water resources, demand management is the basis of consumption control and water
resources management. In order to ensure water security, written laws will be created based on this
to create a balance between water consumption and supply. Managers' awareness of available water
resources and, in general, all relevant layers of different methods of demand management decision,
and especially the determination of its influencing factors, is considered one of the most necessary
things in water management (Ansari et al., 2017).

The fact is that in the empirical studies of spatial models of technology distribution and
efficiency, one region cannot be considered independent from other regions, because according to
Tobler's first geographical law, each place is dependent on another place and the places that are
closer to each other They have the greatest effect on each other compared to distant places. In the
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econometric literature, the lack of spatial dimension in statistical and econometric experimental
modeling leads to estimation errors and incorrect statistical conclusions (Seyef and Hamidi Razi,
2016). In this research, the effective factors on the efficiency of Iran's water resources have been
investigated with regard to the effects of spatial overflow and using a spatial Durbin model, which
is novel from this point of view compared to domestic studies.

Materials and Methods:
In this research, the SDM spatial durbin model is specified as follows:

InY; = tYi_1 + pWInY;; + B;InCwat;; + B,InEwat;; + B3Ln GDPC;; + B4InIndS;; + BsLnGCj;
+ Bg¢lnTech;; + B7InDeco;; + BgLn Agrwat;; + BolnDriwat Cj;
+ BloLn Totwatit + DXitB + (0 6] + Yt + Uit

where InYi, InCwat, InEwat, LnGDPC, LnIndS, LnGC, LnTech, LnDeco, LnAgrwat,
LnDriwat, and LnTotwat respectively indicate the efficiency of water resource consumption in
each province, the logarithm of water resources per capita, the logarithm of water resources
utilization, the logarithm of GDP per capita , the logarithm of industrial structure, the logarithm of
grain products per capita, the logarithm of research and development, the logarithm of the degree
of openness of the economy of each province, the logarithm of agricultural water consumption, the
logarithm of daily drinking water consumption and the logarithm of total water consumption.
In order to reach logical results and observe the spatial effects of water resources consumption
efficiency and the factors affecting it, the spatial Durbin panel method has been used for 31
provinces of Iran during the period of 2015-2020. Economic and spatial variables were collected
from the Ministry of Jihad Agriculture, Meteorological Organization and Regional Water
Organization and models were estimated using STATA 15 software. In this research, in addition
to the agricultural, drinking and total water consumption variables, the rest of the research variables
are calculated based on the following table (1):

Table 1- How to calculate research variables

Variables How to measure
Efficiency of water resource consumption The ratio of total water consumption to GDP
Water resources per capita Ratio of total water resources to total population
Exploitation of water resources The ratio of total water consumption to total
water resources
GDP per capita The ratio of GDP to population
Per capita investment in fixed assets (industrial The ratio of investment in fixed assets to
structure) population
Cereal products per capita Ratio of total cereal crops to population
Research and Development R&D value ratio to GDP
The degree of openness of the economy of each The ratio of the value of exports to imports
province

Source: Research Finding

Results and discussion:

Table (2) shows the direct, indirect and total effect (spatial overflow) in the short and long term.
The results of the spatial Durbin model show that in the short term, the indirect and total changes
of GDP per capita, grain per capita and research and development on the efficiency of water
resource consumption have been negative and significant, as well as indirect and total for the degree
of openness of each economy. The province is positive and significant on the efficiency of water
resources consumption, that is, with the increase of GDP per capita, grain per capita and research
and development, the efficiency of water resources consumption will decrease in the short term, or
in other words, it will decrease in the short term. The growth of GDP per capita, the growth of
grain and the development of research and increasing the efficiency of water resources use

The results of the spatial Durbin model in the long-term show that the direct effects of the per
capita GDP variable on the efficiency of water resource consumption were positive and significant,
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while the indirect and total effects of the per capita GDP on the efficiency of water resource
consumption were negative and

The results of this research are consistent with the study of Zhao et al (2017) and also the effects
of direct, indirect and all other variables on the efficiency of water resources consumption in the
long term were not significant. The results of direct, indirect and total effects in long-term
conditions are somewhat different from short-term effects, because as the theories of
microeconomics confirm, short-term elasticities are smaller than long-term elasticities and the
opportunity to react to various shocks for economic factors in the long-term is greater than in the
short-term. and in this regard, the elasticity of the effect of the total degree of openness of the
economy of each province is positive and significant in the short and long term, and its elasticity
will be 1.54 in the short term and 1.84 in the long term, or in other words, the elasticity of the
degree The openness of the economy is greater in the long term than in the short term.

Table 2- Direct and indirect (spillover) spatial effects resulting from the estimation of the model with
the help of the specifications of the spatial Durbin model

Indirect effect direct effect Total effect
The main coefficient coefficient coefficient
variable (probability) (probability) (probability)
InCwat 0.02(0.39) -0.08(0.28) 0.01(0.53)
InEwat 0.92(0.33) 0.1(0.48) 1.02(0.25)
Shott Term LnGDPC -1.41(0.05) 0.82(0.02) -1.34(0.05)
LnindS 0.009(0.66) 0.02(0.42) -0.01(0.55)
LnGC -0.09(0.06) -0.1(0.9) -0.09(0.05)
LnTech -0.07(0.07) -0.02(0.63) -0.07(0.05)
LnDeco 1.37(0.06) 0.17(0.4) 1.54(0.03)
LnAgrwat 0.03(0.77) 0.004(0.68) 0.08(0.47)
LnDriwat -0.02(0.55) 0.05(0.68) -0.02(0.56)
LnTotwat 0.02(0.44) 0.02(0.53) 0.02(0.38)
'-Og‘f%ezgm InCwat 0.03(0.78) -0.01(0.98) 0.02(0.54)
InEwat 0.92(0.57) 0.23(0.98) 1.02(0.26)
LnGDPC -1.81(0.05) 0.21(0.05) -1.34(0.06)
LnindS 0.01(0.79) 0.02(0.92) 0.01(0.55)
LnGC -0.01(0.6) -0.03(0.9) -0.01(0.06)
LnTech -0.086(0.61) -0.06(0.94) -0.08(0.06)
LnDeco 1.67(0.48) 0.01(0.9) 1.84(0.04)
LnAgrwat 0.03(0.77) 0.006(0.84) 0.09(0.48)
LnDriwat -0.04(0.55) 0.07(0.92) -0.03(0.56)
LnTotwat 0.02(0.44) 0.01(0.91) 0.02(0.38)
R2 0.78 Hausman test 34.21

Source: Research Finding
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B5LnGC;j + BgInTech;; + B,InDeco; +
BgLn Agrwat;; + BolnDriwat C;; +

B1oLn Totwat;, + DX;0 + a; + vy + uy;
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Table 1- how to calculate research variables

Variables

How to measure

Efficiency of water resource consumption
Water resources per capita

Exploitation of water resources

GDP per capita

Per capita investment in fixed assets (industrial

structure)
Cereal products per capita
Research and Development

The degree of openness of the economy of each

province

The ratio of total water consumption to GDP
Ratio of total water resources to total
population
The ratio of total water consumption to total
water resources
The ratio of GDP to population
The ratio of investment in fixed assets to
population
Ratio of total cereal crops to population
R&D value ratio to GDP
The ratio of the value of exports to imports

Source: Research Finding
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Table 2 - Test results for variables affecting water use efficiency (Levin, et al., 2002)

Variables e Probability of l\gré?bles at the Statioary
Water resources per capita - 0.00 1(0)
(Cwat) 5.43 ’
Exploitation of water resources - 0.00 1(0)
(Ewat) 3.51 )
GDP per capita - 0.00 1(0)
(GDPC) 1.36 ’
Industrial structure - 0.00 1(0)
(IndS) 0.35 ’
grain per capita - 1(0)
(GO) 4.65 0.00
Research and development of each 1(0)
province 0.00
(Tech) 0.66
The degree of openness of the economy 1(0)
of each province | ;13 0.00
(Deco) ’
Agricultural water consumption - 0.03 1(0)
(Agrwat) 1.32 '
Drinking waterlconsumptlon 291 0.00 1(0)
(Driwat)
Total water consumption in the province 1(0)
2.76 0.1
(Totwat)
Efficiency of water resource 1(0)
consumption 0.04
(Y) 0.54

Source: Research Finding.
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Table 3- Moran diagnostic tests and Lagrangian coefficient for spatial panel model

Model Moran Geary  Getis LR Lmerror Lmlag Lmerror - Lmlag-
robust robust
SDM 0.16 0.91 -0.16  19.69 41.24 7.6 2.62 6.35
probability 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01

Source: Research Findings
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Table 4- The results of estimating factors affecting the efficiency of water resource consumption with
a spatial panel model

Variable Coefficient standard Variable Coefficient standard

deviation deviation
InCwat -0.05#+ 0.02 LnTech *#x-(),09 0.03
InEwat *+(),02 0.1 LnDeco *+x() 3] 0.85
LnGDPC -0.06 0.12 LnAgrwat #+x().04 0.01
LnIndS 0.03 0.02 LnDriwat 0.02 0.04
LnGC -0.01 0.07 LnTotwat 0.04 0.03
Spatial 1.76%+* 0.56 A #+%(), 06 0.01

Source: Research Findings(** and *** are significant at the level of 10% and 5%, respectively)
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Table 5- Estimation of the presence of different spatial effects with the help of different specifications
of spatial Durbin models

spatial model with spatial model spatial model spatial
fixed effects Random- with fixed model
effects effects Random-
effects
The main Coefficient Coefficient Spatial Coefficient Coefficient
variable variable
InCwat #x4-0.05 -0.32 W*InCwat 0.004 0.0002
InEwat +x().02 0.07#xx W*InEwat 2.003 0.14
LnGDPC -0.06 -0.27 W+*LnGDPC =3.31wx -1.95
LnIndS 0.03 0.95%xx W*LnIndS 0.02 0.01
LnGC -0.011 0.3 1w W*LnGC -0.02xx -0.06
LnTech #++-(0,009 0.07 W*LnTech -0.02xx -0.09
LnDeco 0.03 0.49xx W*LnDeco 3.61w 1.63
LnAgrwat *+x(.04 0.007 W#*LnAgrwat 0.01 -0.05
LnDriwat 0.002 0.1 W*LnDriwat -0.07 -0.01
LnTotwat 0.1 0.06 W*LnTotwat 0.005 .23
R? 0.65 0.83 Llog 0.5 0.76

Source: Research Findings (** and *** are significant at the level of 10% and 5%, respectively)
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Table 6- Joint effects tests (time and distance)

joint effects HO LR probability level
Spatial fixed effects There are no spatial joint 1.45 0.00
effects
Time fixed effects There are no joint time effects 0.02 0.00

Source: Research Findings
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Table 7- Direct and indirect (spillover) spatial effects resulting from the estimation of the model with

the help of the specifications of the spatial Durbin model

Indirect effect direct effect Total effect

The main coefficient coefficient coefficient
variable (probability) (probability) (probability)

InCwat 0.02(0.39) -0.08(0.28) 0.01(0.53)

InEwat 0.92(0.33) 0.1(0.48) 1.02(0.25)

Short Term

effects LnGDPC -1.41(0.05) 0.82(0.02) -1.34(0.05)
LnIndS 0.009(0.66) 0.02(0.42) -0.01(0.55)

LnGC -0.09(0.06) -0.1(0.9) -0.09(0.05)

LnTech -0.07(0.07) -0.02(0.63) -0.07(0.05)

LnDeco 1.37(0.06) 0.17(0.4) 1.54(0.03)

LnAgrwat 0.03(0.77) 0.004(0.68) 0.08(0.47)

LnDriwat -0.02(0.55) 0.05(0.68) -0.02(0.56)

LnTotwat 0.02(0.44) 0.02(0.53) 0.02(0.38)

Long Term InCwat 0.03(0.78) -0.01(0.98) 0.02(0.54)

effects ’ ’ ' ’ ’ '

InEwat 0.92(0.57) 0.23(0.98) 1.02(0.26)

LnGDPC -1.81(0.05) 0.21(0.05) -1.34(0.06)

LnIndS 0.01(0.79) 0.02(0.92) 0.01(0.55)

LnGC -0.01(0.6) -0.03(0.9) -0.01(0.06)

LnTech -0.086(0.61) -0.06(0.94) -0.08(0.06)

LnDeco 1.67(0.48) 0.01(0.9) 1.84(0.04)

LnAgrwat 0.03(0.77) 0.006(0.84) 0.09(0.48)

LnDriwat -0.04(0.55) 0.07(0.92) -0.03(0.56)

LnTotwat 0.02(0.44) 0.01(0.91) 0.02(0.38)

R2 0.78 Hausman test 3421

Source: Research Finding
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Introduction

Most of the soils of arid and semi-arid regions of Iran have less than 1% of organic matter, which
causes a decrease in the quality of some physical characteristics of the soil, including a decrease in the
stability of soil grains, destruction of the soil structure, and a decrease in saturated hydraulic
conductivity (Gholami J, Emami, H., 2021). This has caused excessive use of chemical fertilizers,
especially nitrogen fertilizers, and non-use of organic fertilizers in recent years (Diacono and
Montemurro, 2011). One solution to increase the amount of organic matter in agricultural soils is the
use of organic fertilizers. Every year, a large amount of plant residues are produced in the country,
and farmers are often concerned about how to manage them (Amiri and Alinia, 2010). Another useful
way to use plant residues is to convert them into biochar. Biochar is a type of charcoal prepared from
plant biomass and agricultural waste, which are burned in the presence of low amounts of oxygen or
its absence (Masto et al., 2013).Research has shown that the mineralization process of biochar takes
place slowly due to its high stability (Salmani et al., 2014). In a research, the effect of adding biochar
and a superabsorbent (independently of each other) on some physical properties of two types of sandy
loam soil and clay loam soil was investigated. The results showed that the use of superabsorbent and
biochar in the studied soils had the greatest effect on Ks and Opwp (Zare Abyaneh, H., et al, 2022).
The production of biochar from the spent mushroom substrate stabilizes and preserves the nutrients
of the spent mushroom substrate, and by increasing the pore volume of biochar compared to the
mushroom substrate, it increases the water retention capacity and also reduces the pollution of
underground water resources (Lou et al. 2017). The review of various studies has shown that factors
such as the raw material of biochar, the temperature of biochar processing, as well as soil
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characteristics, plant type and irrigation type are directly related to biochar performance (Shi et al.,
2020).Therefore, this research was conducted with the aim of investigating the use of biochar
produced from spent mushroom bed in the soil and its effect on the concentration of some elements,
acidity and electrical conductivity in the effluent of lettuce cultivation.

Methodology

This study was carried out as a completely randomized design with six replications, with the aim
of investigating the effect of different levels of biochar of mushroom litter on some chemical
properties of the wastewater. In this research, biochar produced from the remains of the mushroom
bed prepared at 300 degrees Celsius without the presence of oxygen was used. The cultivated plant,
lettuce with the scientific name Lactuca Sativa is an annual plant from the chicory family and is
cultivated as a vegetable. It is found that it is mainly consumed raw. Lettuce cultivation was carried
out in pots with a height of 22 cm and a diameter of 21 cm. The mass of soil required to fill the pots
was determined based on the apparent specific gravity of the field soil and the volume of the pot.So
that 11 kg of soil with loam-sand texture was poured into each pot. The amount of biochar for zero
(control), 10, 15, and 20 grams of biochar per kilogram of soil was calculated and uniformly mixed
with the soil. These treatments were shown as B1, B2, B3, and B4, respectively.

Results and discussion

Based on the measured amounts of sand, clay and silt particles, this soil has a sandy-loamy texture
is The amount of organic matter in the soil is less than one percent, which indicates the poverty of
organic matter in this soil is According to the results of Table (1), treatments B2, B3, and B4
respectively increased the acidity by 0.4, 0.66, and 0.93% compared to the control. One of the reasons
for increasing the acidity of water is the inherent properties of biochar. During the process of biochar
production, oxygen and hydrogen are removed and basic elements remain in the structure of the
biochar material (Sigua et al., 2015).In addition, the lowest amount of electrical conductivity of water
was measured in B4 treatment with 1.92 decisiemens barmeter and the highest in B1 treatment with
2.33 decisiemens barmeter. With the increase in the concentration of elements in the soil solution due
to the presence of biochar, the concentration of elements in the drainage decreased, which seems to
have caused a decrease in the electrical conductivity of the drainage. The highest amount of nitrate
was measured in the effluent from treatment B1. The main factor in maintaining anions such as nitrate
can be considered the effect of biochar interaction with soil organic matter, and in the case of nitrate,
the effects of biochar on the biological cycle of soil nitrogen. Also, the use of sugarcane bagasse
biochar with an amount of 10 grams per kilogram of soil caused the greatest reduction of nitrate
concentration in the washed water (Divband Hafshejani et al, 2017). Based on the results of comparing
the averages, the greatest effect in reducing calcium leaching was obtained in B4 treatment.Studies
show that biochar has the potential to reduce nutrient loss and improve water quality through its
absorption properties (Libutti et al., 2019). In addition, according to the average comparison table. B4
treatment has the greatest effect on reducing sodium waste in the soil. At the end of the results of table
number 1, it was shown that in treatments B2, B3, and B4, there was a decrease of 6.3, 16.6, and 19.2
percent in potassium leaching, respectively.

Table 1- The means comparison of different biochar treatments on some chemical characteristics of
Drainage water

NO3'

Treatment K (mgl/lit) Na (mag/lit) Ca (mg/lit) (ma/lit) EC (ds/m) pH
B: 31.86° 158.562 173.152 315.58 2 2.33% 7.55¢
B2 29.84° 147.92° 148.65° 230.36" 2.202P 7.58°¢

Bs 26.59 ° 137.27°¢ 132.95° 194.11° 2.07° 7.60°
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B. 25.74 ¢ 131.95¢ 123.48¢ 180.03¢ 1.92¢ 7.622

Numbers with dissimilar letters in a column show a significant difference at the 1% level in the Duncan test.
Conclusion

The results of this research showed that the use of this type of biochar can have a positive effect
on maintaining nutrients in the soil and prevent them from entering the drainage.The application of
mushroom bed biochar at the rate of 20 grams per kilogram of soil (equivalent to two percent) caused
a 43 percent reduction in nitrogen loss, 28.7 percent calcium, 19.2 percent potassium, and 16.8 percent
sodium. Increasing this amount of biochar to the soil increased the electrical conductivity of the
drainage by 36.84% and increased its acidity by 13.47%.
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Table 1- Soil physical and chemical characteristics

Parameter Value Parameter Value
Clay (%) 9 pb (g/cm3) 1.43

Silt (%) 34 n (%) 46
Sand (%) 57 N (%) 0.05
Soil Texture Loamy sand Na (mg/kg) 16.2
ECe (dS/m) 2.8 Ca (mg/ kg) 182.8
pH (no units) 7.60 K (mg/ kg) 63.3
Organic Matter(/) 0.73 CEC (cmol/kg) 7.23
FC (%) 19 AEC (cmol/kg) 1.42

PWP (%) 8

GO s ol (Sb sl g Dleogas (Fp -V 9o
Table 2- Biochar physical and chemical characteristics

Parameter AEC CEC P

S H C N EC pH

Unit (cmol/kg)

(cmol/kg)  (mg/kg)

(%) (%) (%) (%) (%) (dS/m) -

Value 9.41 13.73 0.61

114 074 17 285 21 6.91 7.7
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Table 3- Analysis of Variance of the effect of different biochar treatments on some chemical
characteristics of Drainage water

Mean of Squares

References Df
Ca Na
Treatment 3 2827.02 ** 835.67 **
Error 20 4.435 4,181
Total 23

K NOs EC pH

48.64 ** 22219 ** 0.187 ** 0.005 **

1.267 56.759 0.015 0.000

Significant at 1%: ** Significant at 5%: *

Not significant: ns
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Table 4- The means comparison of different biochar treatments on some chemical characteristics of
Drainage water

Treatment K (mg/lit) Na (mg/lit) Ca (mg/lit) NO3 (mg/lit) EC (ds/m) pH
Bl 31.86% 158.56 2 173.152 315.58 @ 2.33% 7.55¢
B2 29.84° 147.92° 148.65 " 230.36" 2.20 b 7.58¢
B3 26.59°¢ 137.27° 132.95°¢ 194.11° 2.07° 7.60°
B4 25.74°¢ 131.95¢ 123.48 ¢ 180.03¢ 192¢ 7.62 2

Numbers with dissimilar letters in a column show a significant difference at the 1% level in the Duncan test.
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Abstract
To present efficient methods for suitable use of water sources in the arid and semi-arid areas, it is essential
to investigate water balance affected by different parameters. In the present research, to investigate the
effects of land use and plant cover on water balance in the Khafr region of Fars province, WetSpass
model integrating the effective variables on water balance in the GIS, was used for a 10-year period (2009-
2017). Different layers of climate (potential evapotranspiration), groundwater level, topography, slope and
soil properties were used to prepare the digitized maps by GIS. The final maps of evapotranspiration, and
long-term recharging of ground water as well as the maps of land use and plant cover were produced. The
highest amount of run-off with the average of 37.7 mm per year was observed in the bared areas, along
with the average yearly evapotranspiration of 352 mm and the recharge of 1 and 99% in the warm and
cold seasons, respectively. WetSpass was able to stimulate the components of water balance favorably.
The results of present research can be used for the estimation of water balance components in the Khafr
region of Fars province and the similar regions in the world, for the suitable use of water sources to decrease
the effects of water stress on the recharge of ground water and subsequent yield production, with respect to
the process of global warming. To enhance rainfall efficiency, it is recommendable to avoid the conversion
of forests to agricultural lands, and building construction in the region.

Introduction

Water is among the most important parameters for life on the earth fulfilling different human necessities
for agriculture, drinking, and industry through the hydrological cycle. The important point about using
water is the suitable supply and optimized use. In the arid and semi-arid areas, with 60-100% dependency,
groundwater is the most important water source in the hydrologic cycle to supply water for different
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purposes. The sources of ground water used for surface irrigation, include 40% of the world food and 97%
of drinking water for the use of human on the earth (Ghafari et al. 2018).

Materials and Methods

With respect to the following, and for the establishment of the WetSpass model (the water and energy
transfer among soil, plants, and atmosphere) for groundwater, the Khafr region in the large watershed of
Mand in the province of Fars was selected for the present research. 1) The accessibility of temporal data,
rainfall, and other parameters, 2) the accessibility of spatial data, 3) flow rate and the level of water in the
wells of the region, and 4) the clearness of the region boundaries. The Khafr region with an area of 1108.05
Km? is managed by the Regional Water Company of Fars and is located at the longitude of E52°42’ to
53°30’ and latitude of N28°51’ to 29°9".
Results

In the present research the correlation among the water balance parameters including runoff,
evapotranspiration, and discharge of water ground (fluctuations of water ground) for the Khafr region for
the time period of September 2009 to 2018 was investigated using remote sensing and WetSpass model.
The processing of the images determined five different types of land use including forest, rangeland,
agriculture, rainfed and not-cultivated land, irrigated agriculture, and civilian areas in the region. The
WetSpass model was used to change the images to digitized maps for the investigated time period. The
tested model was able to predict the components of hydrological cycle in the Khafr region with high
precision.

Discussion and Conclusion

For the optimized use of water sources in each region, the correlation among land use and plant cover
with the variables of water balance including runoff, evapotranspiration, and discharge of water ground
(fluctuations of water ground) must be investigated. Different parameters affect water balance in the
watersheds, among which land use and pant cover are among the most important ones (Daniel et al. 2022).
In the present research, using the WetSpass model the components of water balance (rainfall,
evapotranspiration, and runoff) as affected by land use and plant cover were investigated in a 10-year period
in the Khafr region of Fars province. The WetSpass model on the basis of GIS, used to investigate the
components of water balance in the Khafr region of Fars province, precisely simulated the components of
water balance for the proper handling of water sources. According to the results, and with respect to the
recent droughts, the region has faced water stress, due to the reduction of ground water discharge, as the
most important water source. Water evapotranspiration is the most important factor for the reduction of
water in the region, and in the bare areas (without plant cover) runoff is the second most important
parameter, which reduce water discharge of the region. It is recommendable to maintain plant cover in the
region and avoid the conversion of forest lands for agricultural and construction purposes. The use of
efficient irrigating methods can also be useful to enhance water use efficiency in the region for crop
planting.
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Table 1- The selected synoptic stations of the study area

Station Altitude (m)
1 Ali Abad 1370
2 Khadamat 1263
3 Asmangard 1220
4 Girogarzin 820
5 Jahrom 1420
6 Firouz Abad 1370
7 Band Bahman 2020
8 Fesa 1384
9 Shiraz 1780
10 Estahban 2177
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Table 2- The monthly distribution of temperature in the mountains and plains of Khafr region (°C)
Month annual
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep average
Mountains 19.1 133 85 6.1 6.3 9.2 131 187 237 26.7 272 242 16.3
Plains 222 162 105 79 85 121 157 219 27 297 294 27 19

position

Table 3- The monthly evapotranspiration of the plains and mountains area in Khafr watershed
Olelay 5 9 e 50 dilale § ymi- ped slaie Error! No text of specified style in document.- Jgoo

C S
2 & >
© — > = —_ > [)] B &
8 3 58 ¢ & § &8 & & & 5 == 2 & ¥
Temp 222 162 105 7.9 8.5 12.1 15.7 219 27.0 29.7 29.4 27.0 19.0
- a x 9.5 59 3.1 2.0 2.2 3.8 5.6 9.3 12.8 14.7 145 12.8 96.2
s ES
z QSE
ET 911 426 169 95 10.7 26.7 48.4 106.6 164.2 205.8 1914 1445 1058.5
" Temp. 19.1 133 8.5 6.1 6.3 9.2 13.1 18.7 23.7 26.7 27.2 24.2 16.3
% o x 7.6 4.4 2.2 1.4 1.4 2.5 4.3 7.3 105 125 12.9 10.8 77.8
c 538
g ~F
ET 477 361 164 94 9.6 22 24.7 86.7 129.7 163.7 160.6 1184 870.1
C.V. 1.0 0.9 0.9 0.9 0.9 1.0 1.1 1.2 1.2 1.2 1.1 1.0 -

ET: evapotranspiration, C.V.: coefficient of variation
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Table 4- The monthly river discharge (m3 S?) in the Aliabad station of Khafr region
i 3T e ol (4l p o o) dildlo (20 o) &g — €S9

year Oct Nov Dec Jan Feb Mar  Apr May Jun Jul Aug Sep
1972 023 019 085 233 136 41 793 186 6.33 298 121 149
1973 125 156 32 552 469 744 478 117 052 034 035 0.38
1974 04 066 047 435 106 2816 154 281 023 0.69 0.38 0.68
1975 0.7 065 625 117 128 149 825 9.03 515 198 056 0.03
1976 0.76 09 22 551 40 63.8 552 13.19 513 348 7.04 292
1977 124 174 217 889 82 653 754 255 077 058 084 1.28
1978 091 569 48 848 235 235 135 401 085 084 055 0.68
1979 074 12 132 778 173 97 132 39 081 0.63 0.83 0.63
1980 103 133 175 087 173 106 238 689 203 093 13 124
1981 05 163 7.87 1539 2345 2314 1789 43 121 058 0.56 0.48
1982 134 164 159 284 156 462 3278 7.84 276 092 0.84 1.05
1983 142 1404 118 106 147 292 201 6.27 184 079 0.89 1.04
1984 11 177 166 177 123 073 146 71 068 0.16 0.06 0.14
1985 03 149 317 194 391 899 233 056 026 012 014 0.8
1986 047 065 348 892 392 49 39 063 0.09 0.08 0.08 0.1
1987 0.17 0.66 69 878 9.07 199 175 3.68 1 056 194 145
1988 052 048 048 137 252 533 201 854 028 0.09 0.07 0.05
1989 0.09 022 147 261 58 684 48 01 006 046 0.03 0.09
1990 0.19 023 878 111 599 254 811 04 011 0.08 0.06 0.23
1991 042 038 034 425 519 401 158 099 0.06 0.05 0.05 0.05
1992 029 04 146 196 256 37 264 113 6.25 054 031 0.67
1993 131 083 314 696 633 1149 487 105 503 212 176 177
1994 154 23 139 142 245 714 438 247 061 023 0.08 0.16
1995 0.66 17.3 29 19 106 213 222 103 0.97 042 0.62 0.26
1996 0.08 246 3064 196 528 846 87.7 24 541 394 284 263
1997 246 257 25 346 632 293 142 217 033 01 0.06 0.11
1998 034 096 519 443 104 381 562 883 139 039 024 0.17
1999 038 0.7 0.64 3.03 306 998 15 113 024 024 015 0.15
2000 048 091 041 226 168 364 065 019 016 0.07 0.05 0.05
2001 0.07 021 301 162 081 06 007 0.06 005 003 0.02 0.02
2002 0.02 0.02 174 67.93 839 10.88 1931 3.29 0.07 0.07 0.05 0.03
2003 0.02 0.03 004 055 264 437 316 347 041 001 O 0

2004 O 0 525 713 262 97 818 179 053 03 01 0.03
2005 0.05 028 599 488 804 442 213 287 136 099 0.84 0.69
2006 06 52 517 208 271 111 402 135 045 026 025 0.25
2007 028 028 192 352 106 839 309 49 07 015 013 0.12
2008 0.09 012 033 059 129 094 038 016 008 0.04 0.05 0.1
2009 0.12 012 013 013 0413 013 016 012 005 001 O 0

2010 O 0 037 024 054 026 013 0.05 0 0 0 0

2011 O 0 0 0 0 723 269 002 001 O 0 0

2012 O 0 0 112 543 232 6.78 036 0.02 0.02 0.03 0.02
2013 0.02 003 123 314 247 23 103 142 0.08 002 002 O

2014 O 0 009 005 337 476 488 0.5 0 0 0 0

2015 O 0 022 007 009 015 938 0.1 0 0 0 0

2016 O 157 009 747 076 018 013 0.02 0 0 0 0

2017 0.21 055 413 16.93 1732 322 1224 184 011 08 0.06 0.3
2018 0.15 032 6.12 1243 1475 742 816 226 009 03 0.01 0.12
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Fig. 4- A) The map of mountains and plains, B) The map of stone cover and mountains in the Khafr
region (2018)
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map of soil evaporation, and D) the map of recharge (cold period, 1390)
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