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Abstract

Introduction: Water is a basic and important resource for human
development and economic growth. Water is also important for the
agricultural sector. On the one hand, the lack of water and on the
other hand, the increase in water demand for different parts of the
society, has faced most of the developing countries with a serious and
important problem. Water for the agricultural sector is decreasing
and scarce every day. Also, with the increase in population, the
demand and consumption of water in rural areas and especially in
the agricultural sector has increased. Lack of water has caused
various problems in different regions. The purpose of this research
was to Identifying the consequences of water reduction in Zanjan
township from the perspective of farmers with wells.

Methods: The current research was a quantitative and applied
research. The statistical population of this research was farmers have
wells in Zanjan township (N=8017). The sample size was estimated
to be 367 people based on Cochran's formula. The sampling method
was multi-stage cluster sampling. Data collection tool was a
researcher-made questionnaire. The content validity of the
questionnaire was confirmed by experts and researchers in the field
of water management and the reliability of the research tool was
confirmed by using the pilot tet and calculating the Cronbach's alpha
coefficient (o = 0.94).

Findings: Using the results of exploratory factor analysis, the
consequences of water shortage in the rural areas of Zanjan
township from the perspective of farmers summarize in six factors
including the increase of plant and animal diseases, change of
agricultural land use and weakening of villagers financial ability,
dryness and reduction of water in fountain and rivers and reduction
of pastures and the area under cultivation of agricultural products,
the lowering of level of underground water resources and the
reduction of the water supply of wells, reducing the incentive to
invest in agriculture and increasing soil erosion, water and soil
salinity and increasing disputes and conflict in the village. These six
factors were able to explain 63.48 of the total variance of the impacts
of water shortage.
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Extended Abstract

Introduction

Water is a basic and important resource for
human development and economic growth.
Water is also important for the agricultural
sector. Agriculture is a complex system in
which  various aspects such  as
environmental, economic, cultural and
political aspects play a major and essential
role. On the one hand, the lack of water and
on the other hand, the increase in water
demand for different parts of the society, has
faced most of the developing countries with
a serious and important problem. Water for
the agricultural sector is decreasing and
scarce every day. Also, with the increase in
population, the demand and consumption of
water in rural areas and especially in the
agricultural sector has increased. Lack of
water has caused various problems in
different regions. The purpose of this
research was Identifying the consequences
of water reduction in Zanjan township from
the perspective of farmers.

Materials and Methods

The current research was a quantitative and
applied research. The statistical population
of this research was farmers with wells in
Zanjan township (N=8017). The sample size
was estimated to be 367 people based on
Cochran's formula. The sampling method
was multi-stage cluster sampling. The tool of
data collection was a researcher-made
questionnaire. The content validity of the
questionnaire was confirmed by the experts
and researchers in the field of water and the
reliability of the research instrument
(questionnaire) using the pilot design and
calculating the Cronbach's alpha coefficient
(a = 0.94). Data analysis was done using
SPSS26 software. In data analysis, frequency
tables, mean, standard deviation was used in
the descriptive part, and exploratory factor
analysis was used in the inferential part.

Findings

The results showed that the most important
Consequences of water shortage were the
decrease in crop yield, early drying of rivers,
increase in soil erosion, drying of old
fountain and lowering the level of crop

cultivation. The least problems of water

shortage were, in order, the salinity of well
water, the increase in fires in pastures, the
increase in soil salinity, extending the
irrigation time and decreasing the share of
irrigation. The results of the exploratory
factor analysis showed that the problems of
water shortage in the rural areas of Zanjan
township from the point of view of farmers
with wells are in six factors: the increase of
plant and animal diseases, change of
agricultural land use and weakening of
villagers financial ability, dryness and
reduction of water in fountain and rivers and
reduction of pastures and the area under
cultivation of agricultural products, the
lowering of level of underground water
resources and the reduction of the water
supply of wells, reducing the incentive to
invest in agriculture and increasing soil
erosion, water and soil salinity and
increasing disputes and conflict in the
village were summarized.

Conclusion

Lack of water that leads to a decrease in crop
yield. The decrease in yield also reduces the
farmer's income and threatens the well-
being of the household and rural
communities. The drying up and reduction
of the water supply of rivers and springs
causes that the irrigation of agricultural
products is not done well, and as a result, it
reduces the yield of the product. Also, as a
result of the drying up and reduction of the
water supply of springs and rivers, people
start digging wells and as a result, they cause
the level of underground water tables to
drop. The salinization of well water causes a
shortage of drinking water in rural areas,
and in addition, irrigation of crops with salty
water causes an increase in soil salinity in
addition to reducing crop yields. The
increase in migration to the cities has caused
the emptying of the villages and the
reduction of agricultural production, and it
also leads to the increase of social problems
in the cities. The lowering of the
underground water level leads to problems
such as land subsidence, pollution of
underground water sources. The mentioned
problems  will increase government
expenses in rural areas. Prolonging the time
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of irrigation reduces the yield and thus
discourages people from farming. The
reduction of water causes people to provide
their needed water in different ways, such as
drilling wells, using modern irrigation
methods. The use of new irrigation methods
has a lot of costs for agriculture. Most
farmers do not have the financial ability to
provide equipment and implement new
irrigation methods.
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Extended Abstract

Introduction

Drought is the most costly natural disaster,
and since climate change has a positive effect
on the hydrological cycle, the most
important tool available for future climate
simulation is the use of the output of paired
atmospheric-ocean mating patterns. In
order to study the drought from different
dimensions and perspectives, various
indicators have been developed, one of the
most effective indicators is the standard
precipitation index (SPI). Considering that
most of the previous researches on the effect
of climate change on drought have used the
output of an ocean-atmosphere general
circulation model, in the present study,
considering 4  general  atmosphere
circulation models and 2 scenarios, the data
of the sixth report have been tried. Is to
compare the selected models and scenarios
in Shiraz meteorological station. In other
words, using the production data and with
the help of SPI index, the drought situation
for the next two periods of 2025-2045 and
2065-2085 has been studied and evaluated.

Materials and Methods

Shiraz city is one of the metropolises of Iran
and the capital of Fars province in the south
of the country, which according to the
purpose of research, the study area is Shiraz
synoptic station. The length of the base
period of the data studied in the present
study is 20 years and is related to the period
of 2005-2005 that has been received from
the Meteorological Organization of the
whole country. From the various models
used in the sixth evaluation report, 4 models
(BCC-ESM2-MR), (CanESM5), (MIROC6) and
(MRI-ESM2-0) have been selected. The sixth
report of this committee, which is used in the
present study, is presented in 2021. In its
sixth report, the International Climate
Change Board used the new SSP scenarios to
represent the trajectories of different
concentrations of greenhouse gas emissions.
These scenarios include 5 key paths named
SSP1, SSP2, SSP3, SSP4 and SSP5. In the
present study, two scenarios are SSP5-8.5
and SSP2-4.5. The microscaling method used
in the present study is the BCSD method. In

the present study, the standard precipitation
index (SPI) has been used to quantify the
rainfall deficit in multiple time scales. McKee
et al. (1993) introduced the SPI index to
quantify precipitation deficit at multiple
time scales (McKee et al, 1993: 179). This
index can be calculated on time scales of 3, 6,
12, 24 and 48 months. The index was first
developed by researchers at Colorado State
University in 1993 to improve the state of
water supply monitoring operations in the
state. The purpose of SPI is to assign a
numerical value to rainfall so that areas with
different climates can be compared. The
advantages of this index include its
simplicity and versatility. This index has a
normal distribution and is flexible to
different time and space scales.

Discussion and Results

Results of 20-year average values of SPI
index with different time scales for four
models and two scenarios (ssp2-4.5 and
ssp5-8.5) Sixth Climate Change Report data
for the next two periods 2025-2045 and
2065-2085 It shows that in the study station
for four models and both scenarios, the
values of SPI index in all three time scales
have negative values that further indicate
the severity of drought, but the results show
that in all models and scenarios in both
future periods, the values The 20-year
average of this index with a time scale of 6
months indicates the most negative values,
and therefore to predict drought in the study
area, the SPI index with a time scale of 6
months can be used. It is also clear that the
results of the next two periods for all models
used, in both scenarios are somewhat close
to each other and with a general comparison
in some cases, this index with a slight
difference shows an increase in drought
intensity in the second period. Also, in both
scenarios, the results of the four models are
somewhat close to each other, and the
CANESM5 model, with a slight difference
compared to the other three models, shows
a higher drought intensity for both periods.
The results show that it is better to use the
SSP5-8.5 scenario to calculate the SPI
drought index and predict the drought in a
pessimistic state. In the present study, the
number of dry years in the basic period and
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the next two periods for four models and two
scenarios in 6, 12 and 48 month time scales
are expressed. The results show that the
number of dry years in the 6 month scale in
both scenarios compared to The base period
has equal or smaller values, while this
number has increased in both the 12 and 48
month scales for both scenarios compared to
the base period. Also, according to the
results in the first period and in the most
pessimistic case, the number of dry years is
estimated to be 12 years, which BCC, CAN
and MRI models show this number. The
results of the second period also show 13 dry
years by the CAN model, which may occur in
the most pessimistic case.

Conclusion

In the current study, 4 GCM models related
to the data of the sixth IPCC report including
(BCC-ESM2-MR), (CanESM5), (MIROC6) and
(MRI-ESM2-0) were used to predict drought
in the study area, under two scenarios SSP2-
4.5 and SSP5-8.5. Also, BCSD method was
used for exponential scaling of climatic data
and climatic parameters were estimated for
the next two periods, and the results show
an increase in the maximum and minimum
temperature values in the future periods
compared to observations. Then, with the
help of SPI index, the severity of drought was
determined in time scales of 6, 12 and 48
months. The 20-year average values of this
index with a 6-month time scale show the
most negative values. The results of the
present study show that the CAN model can
be used in the studied area, and for the next
two periods, the results show that the SPI
index with a time scale of 48 months shows
the severity of drought more, and in this time
scale, the SSP5-8.5 scenario indicates an
increase in drought intensity, and therefore,
in the most pessimistic case, we can use the
forty-eight-month SPI index under the SSP5-
8.5 scenario.
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Methods: This research was carried out in the research farm of Seed
and Plant Improvement Institute in Karaj in Alborz province for two
years in 2019 and 2020. A split-plot experiment in a randomized
complete block design with three replications was conducted. Three
legume species was used including cowpea, mung bean, and guar.
Three irrigation treatments used including normal, medium and
severe stress 60, 100, 140 mm evaporation, respectively, from the
evaporation pan level of class A in the main plots, and three legume
species in the main subplots. In this study, forage production return
was done using profitability indices and productivity was measured
using physical and economic productivity indices.

Findings: The results showed that the increase in average net
income of cowpea forage production under normal irrigation to
medium stress and Severe stress was estimated 48.5 and 55.1
percent and this increase in mung bean was 3.1 and 39 percent,
respectively. Increase in average economic productivity of water in
cowpea forage production under Severe stress condition to medium
stress and normal irrigation was estimated 16.5 and 45.1 percent,
respectively. Increase in average economic productivity of water in
mung bean forage production under Severe stress condition to
medium stress and normal irrigation was estimated 8.8 and 51.8
percent, respectively.
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Extended Abstract

Introduction

One of the strategic to solve the fodder
shortage in the country is to use annual
summer forage legumes under suitable
irrigation system. Legumes are an important
rich source of protein in human and animal
nutrition.

Materials and Methods

This research was carried out in the research
farm of Seed and Plant Improvement
Institute in Karaj in Alborz province for two
years in 2019 and 2020. A split-plot
experiment in a randomized complete block
design with three replications was
conducted. Three legume species was used
including cowpea (Mashhad cultivar), mung
bean (Parto cultivar), and guar (local
cultivar of Sistan). Three irrigation
treatments used including irrigation normal
(60 mm evaporation), medium stress (100
mm evaporation) and severe stress (140 mm
evaporation) from the evaporation pan level
of class A in the main plots, and three legume
species in the main subplots. The plant
species were cultivated in six rows with a
length of six meters and a row distance of
50cm in early June. The seed planting depth
was about two cm and the distance between
the plants on the row was five cm.
Harvesting was done at the time of 50%
flowering and early pod formation.
Irrigation was done drip irrigation system
using type tapes. Different irrigation
treatments were applied from the stage of
plant establishment and the amount of water
consumed was determined using the
contour placed at the beginning of the main
plot. To determine the irrigation time, the
number of daily leakages is known and to
determine the volume of water used in each
irrigation, soil sampling was done before
irrigation to the depth of root development,
and the weight percentage of soil moisture
was determined. In this study, forage
production return was done using

profitability indices and productivity was
measured using physical and economic
productivity indices.

Findings

The results showed that the increase in
average net income of cowpea forage
production under normal irrigation to
medium stress and Severe stress was
estimated 48.5 and 55.1 percent and this
increase in mung bean was 3.1 and 39
percent, respectively. Increase in average
net income of guar forage production was
negative. Increase in average economic
productivity of water in cowpea forage
production under Severe stress condition to
medium stress and normal irrigation was
estimated 16.5 and 45.1 percent,
respectively. Increase in average economic
productivity of water in mung bean forage
production under Severe stress condition to
medium stress and normal irrigation was
estimated 8.8 and 51.8 percent, respectively.
Increase in average economic productivity of
water in guar forage production under
medium stress condition to severe stress
and normal irrigation was estimated 7.7 and
44.8 percent, respectively.

Discussion

According to the results, the average yield
and net income of cowpea production under
normal irrigation was estimated 25855
kg/ha and 62.5 million Iranian rials,
respectively and was been the highest. Of
course, the highest physical and economic
productivity of water was related to the
treatment of cowpea fodder under severe
irrigation stress.

Conclusion

According to the results, the average yield
and net income of cowpea production under
normal irrigation was estimated 25855
kg/ha and 62.5 million Iranian rials,
respectively and was been the highest. Of
course, the highest physical and economic
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productivity of water was related to the
treatment of cowpea fodder under severe
irrigation stress.
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Table 2. Comparison of the average interaction effect of different legumes at different stress levels
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Table 3. The production cost of wet fodder of the experiment crops under irrigation levels of different unit: million

rials/ha
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Table 4. The yield of wet fodder of the experiment crops in different treatments  unit: kg/ha
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Table 5. Gross income of wet fodder of the experiment crops in different treatments unit: million rials/ha
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Table 6. The average profitability of wet fodder of the experiment crops in different treatments unit: million rials/ha
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Figure 1. The average of net income in fodder legumes under stress
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Figure 2. The average of economic productivity in fodder legumes under different stress
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Abstract

Introduction: Currently, the agricultural sector is considered to be
the major consumer of underground water in this region, among
different economic sectors, and due to excessive exploitation of
underground water, the annual drop in the level of these waters is
significant. Therefore, calculating the economic value of each unit of
water and calculating the side effects of over-harvesting water
resources is very important. In this study, the determination of the
economic value of water, the optimal level of water input use and the
effect of changing the groundwater level on the level of social well-
being of rice producers in Ramhormoz city are discussed.

Method: For this purpose, the appropriate production function was
first estimated, and using it, the economic value of water and the
optimal limit of water input use were determined. Then, by forming
the function of profit or social welfare, the effect of change in the level
of underground water on the amount of social welfare of the
producers was determined.

Findings: The results of this research show that the economic value
of water in the study area is 649.54 rials per cubic meter. So that the
economic value of each unit of water is more than the cost of
extracting each unit, and this difference leads to excessive extraction
of underground water and the reduction of the level of underground
water, and finally the welfare of rice producers. So that if the
underground water level decreases by 0.81 meters, the social benefit
of the beneficiaries will decrease by 1110257.61 riyals.

Conclusion: This study suggests that in addition to price policies,
non-price solutions such as applying restrictions on the amount of
water extraction should be used in order to preserve underground
water tables

Moosaei M, Hossainzadeh, M Moradi, M. Valuation of Underground Waters in Agricultural
Stakeholders The study of rice farmers of Ramhormoz city, Khuzestan province. Water Resources
Engineering Journal. 2024; 17 (61): 39- 51.

*Corresponding author: Mohsen Moosaei

Address: Dept of Agricultural Management, Islamic Azad University, Gachsaran Branch, Gachsaran,

Iran
Tell: 09177424662
Email: dr.mousaei@gmail.com



https://doi.org/10.30495/wej.2024.13868.1828

Valuation of Underground Waters in Agricultural Stakeholders The study of rice farmers of Ramhormoz ...

Extended Abstract

Introduction

Water, as one of the most valuable natural
resources, is the common treasure of
humans, which is demanded by various
sectors, and as one of the main inputs of
agricultural products, it has a special place in
the sustainable development of the
agricultural sector and the economic
development of other sectors. With the ever-
increasing population and the limited water
resources for sustaining life on earth, the
discussion of management and optimal
decision-making in this matter is one of the
most important intellectual preoccupations
of humans today. The use of water resources
in Iran is accompanied by many problems
and inadequacies, among which we can
mention the inappropriate distribution of
rainfall in the country's geographical area.
This is in a situation where the agricultural
sector consumes 93.2% of the total
renewable  water.  Considering the
importance of underground water in
agricultural products and especially rice, in
this research, the value of underground
water in agricultural operations has been
discussed.

Materials and Methods

This research was conducted in the
geographical area of Ramhormoz county of
Khuzestan province. The descriptive survey
research method was used. The research is
causal research in terms of the purpose of
use and in terms of its nature. The number
of rice farmers in Ramhormoz city is 100
people. For each of the members of the
statistical community, a questionnaire was
created by the researcher and completed in
an open-ended manner. In order to estimate
the functions, determine the price, measure
the level of social well-being and carry out
the evaluation analysis, the information
obtained by the interview survey method
and completing the questionnaire made by
the researcher was used. The statistical
method in this research is correlation
analysis through multivariable linear
regression for cross-sectional data. which
is estimated by OLS least square method .

Findings

The average history of agricultural
activities of the studied subjects is 29.76
years, with the highest frequency of people
with 37% corresponding to the level of 21
to 30 years and the lowest frequency with
17% corresponding to the level of 10 to 20
years. The average per capita amount of
agricultural land of the studied people is
11.61 hectares, which is the highest
frequency with 52% corresponding to the
level of 1-10 hectares and the lowest
frequency with 16% corresponding to the
level of 21 to 30 hectares. Using the data
collected in the study area, the function of
rice production was estimated. R? and R?
are 0.9836 and 0.977493, respectively,
which shows the high explanatory power
of independent variables in dependent
variable changes. The F statistic is also
equal to 160/24 and the estimation model
is completely significant. The Watson
camera statistic of the estimation function
is also equal to 1.8591, which indicates the
absence of autocorrelation in the model.
Using this function, he determined the
economic value of water and the value of A
was 649.540 rials per m>.

Discussion

Using the collected information, the value of
water consumed by farmers in the region
was calculated, and according to these
results, the selling price of each cubic meter
of water in Ramhormoz city is 649.54 rials.
Gradual reform of the water pricing system
in the agriculture sector, to inform the
farmers of the region about the effects of
reducing the level of underground water and
the consequences of excessive water
harvesting through the Department of
Promotion and Jihad Keshavarzi experts,
should be taught to the farmers.

According to the findings of this study, the
drop in the level of underground water in
the studied area has caused a decrease in
the level of social welfare by 25.84 rials per
cubic meter of water consumption. This
reduction is 61.1110257 rials for each
hectare of rice cultivation. It can be seen
that the annual drop of underground water
and their arbitrary and free harvesting will

. Water Resources Engineering Journal. 2024; 17 (61): 39-51
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have a great impact on social welfare.
Therefore, it is necessary to promote
economic principles and new production
techniques by the promoters of agriculture
in the region and invest in their
implementation. And he encouraged the
farmers of the region to use new
production techniques to save water
consumption.

Conclusion

The most important results of this
research are:

- Based on the results obtained from the
estimation of the generalized quadratic
production function, the price of each
cubic meter of underground water in the
agricultural sector was estimated at
649.54 rials. This value shows a
significant difference in comparison with
the average cost of extracting each cubic
meter of underground water (86.169
riyals), which causes excessive with
drawal of wunderground water on
average. Using the collected information,
the value of water consumed by farmers in
the region was calculated, and according to
these results, the selling price of each cubic
meter of water in Ramhormoz city is
649.54 rials on average.

- Excessive extractions of underground
water has caused a decrease in the water
level in the study area by about 0.81
meters, according to the findings of this
study, the decrease in the level of
underground water in the study area has
caused a decrease in the level of social
welfare as much as 25.84 riyals per cubic
meter of water consumption. This
reduction is 61.1110257 rials for each
hectare of rice cultivation. As a result, the
annual drop in the level of underground
water and their arbitrary and free
extraction will have a great impact on
social well-being.

- Considering the climatic conditions of the
country and the need to control the
amount of withdrawal from underground
water tables and also the effect of this part

of water on the profit and social welfare of
farmers, it is necessary to promote and
implement new economic principles and
production techniques by the promoters of
agriculture in the region. They should be
invested. And he encouraged the farmers
of the region to use new production
techniques to save water consumption.
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Extended Abstract

Introduction

Corrosion and precipitation are two
problems of water quality management for
the water transmission and distribution
systems. In our country, the accurate
statistics of the damage amount caused by
corrosion and precipitation in the water
distribution network are not available, but
some studies show that the water loss in the
distribution network is about 30%. This is
because of the decay in the water pipelines
due to corrosion. Based on the global
standards, the corrosion and precipitation
control indicators should be determined at
least once a year for the water distribution
networks that use groundwater sources.
Hence, the present research was conducted
in 2016 to investigate the potential of
corrosiveness and precipitation in the
drinking water supply wells of Gorgan city
using some indicators. The results of this
study can identify the sanitary condition of
drinking water in Gorgan city and finally
minimize the damages caused by using
different methods of corrosiveness control.

Materials and Methods

In this research, the results of chemical
analysis of 63 wells supplying drinking
water in spring and autumn of 2016 were
used. Some parameters such as pH,
temperature, and electrical conductivity
were measured during sampling. While the
amount of chemical parameters such as total
dissolved solids, bicarbonate, chloride,
sulfate, nitrate, nitrite, fluoride, phosphate,
calcium, magnesium, sodium, potassium,
and iron were measured in the chemical
laboratory of Gorgan Water and Wastewater
Department.

After  measuring the amount  of
hydrochemical parameters using the current
standard methods, first the temporal
changes of physicochemical parameters
were investigated using one-way variance
statistical test. Then, using ArcGIS software
and IDW method, the spatial changes of

some hydrochemical parameters in the
studied area were considered.

In this research, to investigate the
hydrogeochemistry of the Gorgan city
aquifer, the changes in the concentration of
ions in two seasons were first investigated
using a box diagram. Then, the dominant
type, the origin of chemical parameters, and
their evolution process in Gorgan aquifer
were studied using Stiff and triangular
diagrams. Here, AqQa software was used to
depict Stiff and triangular diagrams.

In this research, water hardness, Langelier
saturation index (LSI), Ryznar stability index
(RSI), corrosion ratio (CR) and Larson-Skold
(LS) indices were used to determine the
corrosion and sedimentation potential of
drinking water in Gorgan city. Finally, the
temporal and spatial changes of the indices
calculated in spring and autumn of 2016
were investigated.

Findings

The recharge of the aquifer by the limestone
series located in the southern highlands
causes the abundance of bicarbonate anion
and calcium cation concentration and then
the abundance of calcium bicarbonate type
in the groundwater resources of Gorgan city
in every spring and autumn season.
Furthermore, the high concentration of
calcium ions in groundwater has increased
its hardness. The infiltration of municipal
sewage and salt water intrusion into the
aquifer due to the high depth of the well or
the high pumping rate is the most likely
reason for the increase in the concentration
of chlorine and sodium ions in some wells.
The results revealed that most of the water
supply wells are in the hard to very hard
class. The amount of dissolved solutes and
subsequently, the hardness of the total water
resources in the studied area increases along
the path of groundwater movement towards
the north of the studied area. This case is in
the line with an increase in the
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concentration of ions in the direction of
water.

Based on the LSI, out of the 63 investigated
wells, the water of only one well has neutral
properties, and about 85% of the water
resources have corrosive properties. The
water of the rest of the wells has
precipitation properties based on the LSIL
This result seems obvious due to the
proximity of most of the water sources to the
groundwater supply area. The results of the
RSI are similar to the LSI. Except for one well,
which is neutral, the rest of the wells are
corrosive and their water has the potential
to decompose CaCOs. Also, based on the
distribution map of LSI and RSI in the
studied area, the corrosive property of water
in the direction of groundwater movement is
significantly reduced and the property of
water precipitation is increased. This result
is consistent with the increase in the amount
of groundwater salts in the north direction.
The results of water Cclassification of
groundwater resources of Gorgan based on
LS are somewhat different from the results
of LSI and RSI. So that about 55% of the wells
in the spring season are not corrosive and
the rest of the wells are corrosive to high
corrosive.

Based on the calculated values for the
corrosion ratio in spring and autumn,
respectively, 90 and 98% of the
groundwater resources of Gorgan city have a
corrosion ratio of less than one. Therefore, it
is possible to transfer water from most wells
with any type of metal pipes. However, to
transfer the water from the rest of the wells,
pipes with high strength and resistance
should be used, and it is not possible to
transfer their water through the metal pipes.

Conclusion

Statistical difference in 8 physicochemical
parameters in spring and autumn has caused

the variety of hydrogeochemical types and
facies in these two seasons. Although the
dominant type of groundwater in both
spring and autumn is calcium bicarbonate.
The increase in the concentration of
groundwater ions in the direction of
groundwater movement to the north of the
studied area has caused the water hardness
to increase in the direction of groundwater
movement. In general, Gorgan city
groundwater is classified as hard to very
hard. Also, based on the distribution map of
these indicators in the studied area, the
water  corrosive  property in  the
groundwater movement direction is
significantly reduced and water
precipitation property is increased.

The results of the paired t-test show that
there is a statistical difference in the
corrosion ratio, LS and LSI in spring and
autumn. However, no statistical difference
was observed for RSI in spring and autumn.
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method alone highlights good accuracy in predicting time and cost of
projects. Consequently, models based on EVM were developed.
Methods: The present article was developed using the EVM method
and hybrid algorithms to predict the time and cost of completing
projects. To attain this goal, the data from four dams, A, B, C, and D,
were used to build models, and the data of the under-construction
dam E were used to validate the models resulting from the modeling
stage. To this end, the parameters earned schedule (Month), earned
value ($), actual progress (%), and actual cost (%) are used as inputs
for predicting time and for predicting cost, as well as these
parameters, time is also defined as input of hybrid algorithms.
Findings: Comparing the consequences of the hybrid algorithms in
the training and test stage designates the high accuracy of the
LSSVM-PSO model compared to the LSSVM-GA. The low variance in
the error values of these two stages for this model suggests its high
generalization ability on unseen data. The use of these hybrid models
in forecasting the time for the E dam gave a prior warning for the
delay in the completion of the project in the first month. Likewise, in
cost predicting, the LSSVM-PSO and LSSVM-GA models issued an
early warning in the seventh and ninth months, respectively, for the
non-conformity of the project cost with the planned cost. This is
while the Kalman filter stated the primary warning to predict the
project's completion time in the seventh month, and this model gave
no warning regarding the planned cost. Comparing these results with
the periodical reports of the E dam construction project designates
the excellent performance of hybrid models, particularly the LSSVM-
PSO model.
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Applying project management knowledge and hybrid algorithm in predicting the time and cost of ...

It is hard to complete a project on time with
a planned cost. Project monitoring and
control include project progress processes
so that potential problems are recognized
over time and, if indispensable, operations
are considered to resolve them. To this end,
it is essential to frequently measure and
evaluate the project performance and
determine its variance from the planned
baseline. The primary prediction before the
start of the project is considered the basic
plan for completing the project in the
indicated time and budget. From the time the
project starts, the project performance is
assessed in line with time and cost compared
to the initial plan. The challenges in
construction projects have obliged project
managers to use techniques and models to
control and predict their cost and time.
According to this forecast, the project
manager determines that the project needs
minor alteration or significant adjustment
and problem-solving. Though, advanced
techniques are not used for this aim. This
leads to not correctly forecasting the cost
and completion time of the projects and, as a
result, inappropriate control of the project.
Consequently, numerous researchers have
used statistical analysis methods such as
multiple regression, methods based on
probabilities such as Monte Carlo
simulation, and methods based on artificial
intelligence.

To carry out this study, information on four
dam projects' timing and costs built in
different regions of Iran was collected.
Because of the confidentiality of their
information, these dams were named A, B, C,
and D. These dams have a total of 383 data
points that were considered for the training
of intelligent hybrid models and 306 data
points (80% of the total data) were
considered for the training stage and 77 data
points (20% of the total data) for the hybrids
model test. Data from another dam (dam E)
will also validate the models. Fifteen months
have passed since the construction of the E
dam began, and the progress report for the

fifteenth month has been submitted.
Consequently, there are 15 data points
available for this dam. Based on the plan and
preliminary design presented, the complete
construction of this dam will take about 31
months and cost about 590,146.82 dollars.
Accompanied by LSSVM-GA and LSSVM-COA
hybrid models, the Kalman filter will also be
used to forecast the completion time and
cost of the E project. To apply these models,
it is essential to calculate the obtained value
indices for the collected data.

Cumulative distribution functions (CDFs)
have been used in the article to designate the
input and output data (time and cost
forecast). CFD for Earned Schedule (ES) is
about 22% for ES < 6.6 and about 53% for
6.6 < ES < 37.8, 28% for EV < 209323, and
about 56% for 209323 <EV < 14020973 and
for the rest of the data this value, EV >
14020973 is about 16%. The CFD value for
Time (t) as t < 14 is about 14%, and for 14 <
t < 85, itis about 54%, and for the rest of the
data, this value for t > 85 is about 32%. The
value of CFD for Cost Ratio (CR) as CR <
0.039 is about 18%, and for 0.039 < CR <
0.666, it is about 65%, and for the rest of the
data, this value of ES > 0.666 is about 17%.
Regarding this analysis, CFDs are usually
distributed for four variables ES, EV, t, and
CR.

The CFD value for Actual Progress (AP) in
the form of AP < 0.0027 is about 33%, and
for 0.0027 < AP% < 0.037, it is about 60%,
and for the rest of the data, this value AP >
0.037 is about 7%. The value of CFD for
Actual Cost (AC) as AC < 0.0015 is about
35%, and for 0.0015 < AC < 0.058, it is about
79%, and for the rest of the data, this value
AC > 0.058 is about 4%. According to this
analysis, CFDs are not generally distributed
for these two parameters.

To do modeling, first, the type of kernel
function must be determined for the LSSVM
algorithm. Applying simple LSSVM with
diverse kernel functions based on the RMSE
criterion disclosed that LSSVM with RBF
kernel function has higher accuracy in
estimating cost ratio and EDAC than other
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kernel functions. On the other hand, it can be
understood that the error of models with
RBF and MLP kernel functions is
meaningfully less than models with
Polynomial and Linear kernel functions. This
shows that there is a complex nonlinear
relationship between inputs and outputs.
By setting the controllable parameters of
PSO and GA optimization algorithms and
applying hybrid LSSVM with these
algorithms on the training data, it was
shown that both optimization algorithms
converged to the solution in less than 50
iterations. The cross-diagram evaluation of
LSSVM-PSO and LSSVM-GA algorithms
revealed that both models have high
performance in the training and testing
stages. The results attained by applying
these algorithms to the validation data also
have good accuracy. However, the
dispersion of data points in this stage is more
than in the training and test stages.
Comparing the RMSE values for LSSVM-PSO
and LSSVM-GA algorithms in estimating the
completion time of projects by stages
designates that the error of LSSVM-PSOQ in all
three stages of training, testing, and
validation is lower than LSSVM-GA.
Furthermore, the slight difference between
the error values in this model's two training
and testing stages compared to LSSVM-GA
shows the ability to generalize this model to
other projects or unseen data. The higher
accuracy of the LSSVM-PSO model compared
to LSSVM-GA in the validation stage
approves this claim.

The predicted EDAC profile based on LSSVM-
PSO and LSSVM-GA hybrid models for the
validation data (E dam project) indicated
that the lower limit values predicted by both
algorithms are more than planned. This
shows that the project did not proceed
according to the plan in the first month.
Examining the reports of this project has
also designated the same. Both algorithms
mutually cover the project's completion time
of 52 to 62 months from its initiation.
Indeed, the output value of LSSVM-PSO and
LSSVM-GA models show the project
completion time as 57 and 59 months,
respectively.

Scrutinizing the distribution of data points in
the cross diagram of the actual and predicted
cost ratio values of LSSVM-PSO and LSSVM-

GA hybrid models for training, testing, and
validation stages revealed that both models
perform well in target parameter prediction.
However, the LSSVM-GA model performed
better in the test phase. The comparison of
the error values of these models by stages
shows that the LSSVM-PSO model has a
better performance than the other model.
The slight variance between the error values
of the training and testing stages in the
LSSVM-PSO model compared to the LSSVM-
GA model is indicative of the ability to
generalize the model to other projects, and
the excellent performance of this model in
the validation stage confirms this statement.
The projected cost profile for the E dam
construction project based on EDAC was
calculated with the help of LSSVM-PSO and
LSSVM-GA models. Regarding the lower
error of the LSSVM-PSO model compared to
the LSSVM-GA model in these two stages, the
range of changes between the lower and
upper limits is smaller. Based on these
calculations, the LSSVM-PSO model has
issued an initial warning in the seventh
month for the project cost to be far from the
planned cost. This is while the results of the
LSSVM-GA model issued this initial warning
in the ninth month. The continuance of the
forecasting process likewise reveals that the
tools used by the project manager could not
issue this initial warning to revise the
operational plan. According to the
construction reports review of this dam, the
managers have confirmed the increase in the
costs of the termination of the operation in
the 13th month since the beginning of the
project.

The probability profile of EDAC and the cost
obtained from the Kalman model for project
E disclosed that regarding this model's
output, the project's completion time up to
the fifth month from the start time was
according to the plan. Nonetheless, over
time, the predicted completion time is
significantly different from the planned time
for the project, so in the seventh month, the
model issues an initial warning for taking
more time to complete the project than the
planned time. The output of the Kalman
model for the cost of completing the project
is in line with the planned cost, but from the
tenth month onwards, the cost projected by
the model gradually deviates from the
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planned cost. This model has not issued any
warning for irretrievable deviation of the
project completion cost from the planned
cost.

The current study used LSSVM-PSO and
LSSVM-GA hybrid algorithms to predict
project completion time and cost. The data
from four built dams were used to develop
these models. These data were divided into
training data (80% of the total data) and test
data (20% of the total data). The data of
another dam, whose progress report was
submitted until the 15th month, was used to
validate the developed models. Next, the
Kalman filter was used for the validation
data to evaluate the hybrid models in time
and cost prediction.

Using hybrid algorithms revealed that they
have good accuracy in the model training
and testing phase to predict the time and
cost of completing the projects. Likewise, the
low difference between the LSSVM-PSO
model in these two stages indicated the high
generalizability of this model compared to
the LSSVM-GA model, which was confirmed
by the excellent performance of this model in
the validation stage. Regarding the results of
applying these two models on the E dam for
EDAC, it was found that the LSSVM-PSO and
LSSVM-GA models predicted the
impossibility of completing the project
within the planned period by announcing
the early warning in the first month. This
finding is in line with the periodic reports
recorded for this project. The result of
applying these two models for cost
prediction also disclosed the better
performance of the LSSVM-PSO model in the
training and test stages. The low error
variance between the training and test
stages also showed the high generalization
capability of this model compared to the
LSSVM-GA model on unseen data. Applying
these models to the E dam data strongly
confirmed this claim. The early warning for
the deviation of the project completion cost
from the planned cost for the E dam in the
LSSVM-PSO and LSSVM-GA models was
issued in the seventh and ninth months,
respectively. Based on the output of the

LSSVM-PSO and LSSVM-GA model, the
completion time of the E dam project is
predicted to be 57 and 59 months,
respectively, and the completion cost is
1014000 and 1054000 dollars, respectively.
In the meantime, the result of applying the
Kalman filter in the time prediction on the
validation data announces the initial
warning for schedule delay in the seventh
month. However, it does not announce a
warning for increasing the project cost more
than the planned program's cost. The
Kalman model predicts the completion time
and cost of the E dam project in the 15th
month as 52 months and 623 thousand
dollars, respectively.

Comparing the hybrid models with the
Kalman model discloses that the hybrid
models have more acceptable results with
the periodic reports provided for the E
project due to the training based on several
dams' data. Unquestionably, it should be
noted that regarding the delays that were
used in several projects in the training phase
of hybrid models, the resulting models are
very conservative. This is while the Kalman
model was developed only based on the
project's limited data and past trends.
Consequently, using hybrid models,
particularly LSSVM-PSO, is exceedingly
recommended to predict the time and cost of
project completion.
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» Identifying the consequences of water reduction in Zanjan township from

the perspective of farmers

» The effect of climate change on meteorological drought using the data of the

Sixth Climate Change Report (Case study: Shiraz city)

» Economic productivity of water and profitability of fodder production of

cowpea, mung bean and guar under normal irrigation and drought stress
conditions

» Valuation of Underground Waters in Agricultural Stakeholders The study of

rice farmers of Ramhormoz city, Khuzestan province

» Evaluation of the corrosiveness and precipitation potential in the drinking

water supply wells of Gorgan city

» Applying project management knowledge and hybrid algorithm in

predicting the time and cost of completing dam projects




