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Effective water resource management, particularly groundwater management, is
essential in arid and semi-arid regions like Kerman Province, where recent natural
and human-induced factors have led to critical groundwater depletion. Over the
years, excessive groundwater extraction through well pumping has caused
significant declines in water tables across many areas, including the Bam Plain of
Kerman Province. To investigate this alarming trend, a study analyzed data from
56 observation wells over 15 years, from 2002 to 2017. The hydrograph of the Bam
Plain was utilized to assess changes in groundwater levels, revealing a gradual
decline until 2012, followed by a steeper drop from 2012 to 2017. Ultimately, the
groundwater level in the Bam Plain decreased by approximately 10 meters over the
15 years. ArcGIS software was employed for further analysis using the Kriging
method and inverse distance weighting (IDW), leading to maps that depicted
groundwater flow directions, iso-depth, and iso-level for specific five-year
intervals. The results indicated a decrease in both iso-depth (68-110 meters) and
iso-level (940-1100 meters) over three successive five-year periods from 2008 to
2013. By the end of the third period (2013-2014), only a small central area of the
plain maintained these depths and groundwater levels, highlighting a significant
decline overall. The findings underscored that recent drought conditions, coupled
with the unsustainable extraction of groundwater, have critically impacted
groundwater levels. This decline poses serious implications for the rural economy,
which predominantly relies on agriculture and is directly tied to water availability.
Consequently, the welfare of farmers has been adversely affected. The study aims
to inform better regional water management strategies to mitigate the ongoing crisis
and ensure sustainable groundwater use moving forward.

Highlights

e 10-meter decline in groundwater level in Bam Plain over 15 years (2002-2017).

e Hydrograph analysis showing a steep drop from 2012 onwards.

e Use of Kriging and IDW for iso-depth and iso-level maps.

e Recommendation for sustainable management to preserve agricultural water resources.
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. Introduction

insufficient recharge pose significant risks to the viability

Groundwater, which is the second-largest source of
irrigation after surface water, is declining due to overuse
and excessive pumping (Abbas et al., 2025). It is less
affected by immediate climate variation and serves as an
important resource to manage droughts and reduce the
impacts of climate change on limited freshwater supplies.
However, excessive groundwater extraction and
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of these essential freshwater systems (Kazemi et al., 2021).
Semiarid regions encounter considerable water challenges
due to climatic variability, changes in land use, and a
growing dependence on groundwater for supply and
irrigation (Williams et al., 2025). The combination of low
rainfall and high rates of evapotranspiration leads to a
negative water balance, underscoring the necessity for
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effective groundwater management strategies (Bouchaou et
al., 2024). Iranian agriculture relies heavily on groundwater
extraction. The extraction of groundwater from aquifers
across Iran has escalated markedly over the past few years
(Rahimi-Feyzabad et al.,, 2022). As a result of this
increased withdrawal, many areas within the country are
now experiencing a persistent and concerning decline in
groundwater levels. This trend has been documented by the
Iran Water Resources Management Company (IWRMC,
2023), which underscores the urgent need to address this
pressing environmental challenge.

Groundwater stands as one of the crucial natural
resources globally, playing an essential role in sustaining
life and communities (Ingrao et al., 2023). To understand
its current condition and how it changes over time, it is
essential to implement a groundwater monitoring program
(Kazemi et al., 2021). In Iran, a remarkable proportion of
water consumption across various sectors relies on these
hidden reservoirs beneath the earth's surface (Kermani and
Mir-Abassi Najafabadi, 2017). The advantages of
groundwater are noteworthy, particularly when compared
to surface water. It often boasts superior quality and is
typically subjected to lower levels of pollution, making it a
more reliable source for drinking and agricultural needs.
Groundwater quantity and quality are regularly evaluated
using data from groundwater monitoring networks
(Mahmoudpour et al., 2023). National statistics reveal that
a staggering 63 percent of the drinking water consumed by
the population is sourced from groundwater, while only 30
percent is derived from surface water (Zamani et al., 2018).
In Iran’s arid and desert regions, where surface water
sources are alarmingly scarce, groundwater emerges as a
lifeline for countless communities. It serves as the primary
and most dependable source of water supply, essential for
both daily living and agricultural activities, thereby
highlighting its critical importance in the nation’s water
management strategy (Taghizadeh et al., 2008). The quality
of groundwater exhibits considerable variation from one
geographical location to another, shaped significantly by
the water's journey through the underground layers and the
concentration of dissolved minerals and substances it
encounters along the way. This inherent variability poses
serious challenges, particularly in arid and semi-arid
regions, where water scarcity is already a pressing issue
(Thakur et al., 2023). In recent decades, its contamination
has emerged as a global concern, threatening human health
and environmental sustainability (Abbas et al., 2025). In
many parts of the world, the excessive extraction of
groundwater has led to startling reductions in water table
levels, raising alarms about the sustainability of these vital
resources. Global statistics illustrate this alarming trend:
each year, groundwater levels continue to decline. So,
Groundwater monitoring is essential for effective water
resource management. It supports the sustainable use of
water and helps inform policy development (Thakur et al.,
2025). The interplay of these factors highlights the urgent
need for sustainable water management practices to
preserve both the quantity and quality of groundwater
across affected regions.
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In a study conducted by Abbas Nejad and Shahidasht in
2013, the significant vulnerability of the Sirjan plain was
analyzed, primarily attributed to the excessive extraction of
groundwater resources. Nejad's findings highlighted a
concerning trend: over the period from 2001 to 2007, the
region experienced a steady decline in groundwater levels,
averaging approximately 12 centimeters annually. This
persistent drop raises alarms about the sustainability of
water resources in this area, indicating an urgent need for
better water management practices to prevent further
depletion. In another research, Behzadi Karimi and
Omidvar (2017) employed advanced geostatistical analysis
techniques within ArcGIS software to investigate the
spatial distribution of groundwater quality parameters in
the Bayza-Zargan plain of Fars province. Their approach
involved the development of effective factors for each
quality parameter, utilizing both deterministic and
geostatistical methods guided by the Root Mean Square
Error (RMSE) evaluation criterion. The outcomes of their
study revealed that the kriging interpolation method
emerged as the most effective technique for parameter
estimation, with the notable exception of acidity, which
suggested the need for alternative methods to accurately
assess this specific quality indicator. This research not only
provided insights into groundwater quality patterns but also
underscored the importance of utilizing sophisticated
analytical methods in environmental research.

In their study of the plains of northern Hamedan,
Shamsipour and Habibi (2008) identified the decrease in
groundwater levels as being influenced by climatic factors
and drought over the 17 statistical years from 1379 to 1363,
reporting a correlation coefficient of 42%. They suggested
that the adoption of modern technologies could enhance
decision-making and provide effective solutions.
Geographic Information Systems (GIS) are among the most
widely used technologies, offering significant benefits by
accelerating work processes, improving planning, and
identifying critical issues. The capacity of GIS for
management, planning, and robust statistical analysis has
made it a powerful tool for decision-making across various
fields. In a separate study, Soltani et al. (2018) analyzed the
groundwater quality in Shush County by comparing spatial
changes using two methods: Kriging and Inverse Distance
Weighted (IDW). They concluded that the Kriging method
provided higher accuracy in estimating values across all
parameters. Excessive groundwater extraction is causing a
significant decline in groundwater levels across many
regions worldwide. According to global statistics, the
annual decline in groundwater is alarmingly evident. In
particular, excessive use of groundwater resources in Iran
has resulted in a negative balance of approximately six
billion cubic meters each year (Alizadeh, 2020).
Groundwater level decline and negative aquifer balance
have been reported in many plains of Iran. Given the
current situation, it is crucial to conduct further studies and
investigations on the status of the country's aquifers.
Understanding groundwater level fluctuations is vital for
planning a reliable water supply and managing water
resources effectively. For better decision-making and more
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accurate planning regarding the management and
exploitation of these aquifers, a long-term study of the
groundwater status in these plains is necessary, along with
the development of comprehensive management solutions.

The groundwater level in the Bam Plain has been
showing a consistent downward trend, raising concerns
about the sustainability of this vital resource. This study
aims to delve into the various factors contributing to this
alarming decline. Several compelling reasons have
influenced the decision to focus on the Bam Plain for this
research. Firstly, the region faces significant limitations in
available water resources within the groundwater sector,
which exacerbates the issue. Additionally, the practice of
excessive extraction beyond the sustainable capacity of the
aquifers has led to a downward spiral in the groundwater
levels. This over-extraction is not merely a number; it
reflects a broader environmental challenge that the region
faces. Moreover, the continued decline in groundwater
levels has not only implications for water availability but
also affects the geological stability of the area. One of the
most concerning consequences of this decline is the
phenomenon of land subsidence, where the ground begins
to sink as groundwater is depleted. This combination of
factors highlights the urgent need for a comprehensive
understanding of the situation in the Bam Plain to develop
effective management strategies for preserving this critical
resource and protecting the landscape from further
degradation.

2. Materials and Methods

2.1. Study Area

Bam City is located in Kerman province and has a
population of over 300,000 people. The city experiences a
dry, desert climate. The primary occupations of the
residents in this region are agriculture and horticulture. The
water supply for both drinking and agricultural purposes is
mainly sourced from groundwater through canals and
wells. Bam Plain, which runs in a southwest-northeast
direction, lies approximately 207 km southeast of Kerman's
provincial center and is situated on the edge of the Lut
Desert, one of the driest areas in the country. Due to the
presence of fertile agricultural land, digging deep and semi-
deep wells is quite common in this plain. Given these
factors, along with the flat terrain and the high population
density, studying the groundwater, which serves as the
main water source for the entire plain, becomes essential.

Iran faces a critical water shortage situation,
significantly more severe than the global average. It is one
of the arid and semi-arid regions of the world, with only
0.36% of the world's total renewable water resources. To
address this water scarcity, it is essential to optimize the use
of the available water resources. The location of the Bam
Plain and the wells examined in this study are depicted in
Figure 1.
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Figure 1. Location of the Bam Plain and the wells under investigation

2.2. Data

In this study, we used data from 56 observation wells,
focusing on groundwater levels during the statistical period
from 2002 to 2017. The data was obtained from the Kerman
Province Water Resources Studies Department. ArcGIS
software was used to perform interpolation methods.
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2.3. Create of representative hydrograph for the Bam
Plain

In this study, groundwater data were analyzed, which
were collected from 56 observation wells in the region. The
decline of the main aquifer by creating a representative
hydrograph was calculated, which provides an overview of
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trends in groundwater level changes. To visualize these
changes, the inverse distance weighting (IDW)
interpolation method was employed, and Kriging was used
to prepare iso-depth and level maps, as well as iso-depth
and level zoning maps, every five years. Changes over 15
statistical years (2002-2017) using data from the 56
observation wells to assess groundwater level fluctuations
in the Bam Plain area. Additionally, we created
groundwater level and decline hydrographs using Excel.
After organizing the data, we applied the Thyssen function
to generalize the measured values to a regional level.
Consequently, we generated the aquifer water level
hydrograph and isopotential maps over a 15-year
timeframe, divided into three five-year periods, using Excel
and ArcGlIS.

The purpose of drawing the aquifer hydrograph is to
provide a comprehensive view of changes in groundwater
levels. Since the existing piezometric wells do not cover the
entire surface of the aquifer, the Thyssen model was used
to define a surface area for each well based on the location
and density of surrounding wells. These areas should be
arranged so that the total of all individual areas equals the
entire surface area of the aquifer. This concept is expressed
in Equation 1.

A=Zai )

In this formula, a; represents the area of the it polygon,
while A denotes the total area of the aquifer.

Creating a hydrograph using the Thiessen model
involves a weighted averaging operation. In this process,
the weight assigned to each piezometer is calculated by
dividing the area determined through the Thiessen method
by the total area of the aquifer.

a.
w; = Zl @)

To calculate the numerical value of the aquifer
hydrograph, multiply the weight obtained from Equation 2
(W) by the groundwater level of each well for the different
months (h;;). Then, sum all of these products for each month
J. This process yields the groundwater level of the aquifer
for the month J™, as described in Equation 3.

>ty xw) ©)

To create the aquifer hydrograph, a graph is drawn with
the X-axis representing the months of the year and the Y-
axis representing the groundwater level. This study utilizes
ArcGIS software. After ensuring the quality and accuracy
of the data using GS+ software, an appropriate
semivariogram is fitted to the spatial structure of the data.
Following this, geostatistical techniques are applied to
generate interpolation maps.

2.4. Evaluation of interpolation methods

Due to the nature of data collection in geographical
studies, data can be generalized to the surface using
interpolation (Feki et al., 2017). The purpose of
interpolation is to estimate unknown values based on
known values. This process involves three main stages.
First is data search and preparation, which includes
identifying errors through simple statistical analyses,
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analyzing trends in the existing data, and examining the
distribution of the data (Salah, 2009).

The second stage involves implementing deterministic
or geostatistical models to create surfaces. Finally, the
surfaces are analyzed, and the results are interpreted.
Various interpolation methods have been employed for
estimation. A review of the literature indicates that the
optimal methods vary with location; therefore, a method
suited for one area may not be applicable in another
(Tsintikidis et al., 2002). Among the most widely used
methods are Inverse Distance Weighting (IDW) and
Kriging, which were utilized in this study for interpolation
with ArcGIS. Geostatistical interpolation techniques use a
statistical model to describe the spatial distribution of data.
These techniques include different forms of Kriging, such
as ordinary Kriging, co-Kriging, and indicator Kriging. The
primary goal of Kriging is to estimate the values of a spatial
random variable at locations where measurements have not
been taken, while also providing an assessment of the
associated error. This method relies on the assumption that
there is spatial autocorrelation among the measured values
of the variable being studied (Amini et al., 2024).

2.5. Variogram

A variogram is utilized to assess the spatial correlation
of a variable over sampled intervals and to extract the
necessary parameters for interpolation processes (Bastin et
al., 1984). It serves as the initial step in modeling the spatial
structure for kriging. The variogram is calculated using the
following relationship (Webster and Oliver, 2001).

Y(h) = s Sialz(x + h) = 2 )

The semivariogram value of a pair of points that are a
distance h apart is represented by gamma(h). The term n(h)
refers to the number of sample pairs used for a specific
distance h. The variable z(x) denotes the observed value at
point x, while z(x+h) represents the observed value of the
variable that is located a distance h away from x.

2.6. Kriging method

Geostatistical estimation is a process by which the value
of a quantity at a point with known coordinates can be
obtained using the value of the same quantity at other points
with known coordinates (Hassani Pak, 2010). This
geostatistical estimator is named Kriging in honor of one of
the pioneers of geostatistics, D.J. Kriging, who was a South
African mining engineer (Hassani Pak, 2010). This
estimator is the best linear unbiased estimator (B.L.U.E.)
(when an unbiased estimator is an estimator whose
distribution mean coincides with the true mean) with the
lowest variance of the estimate (Safavi Gardini, 2017).

2.7. Simple Kriging Method

This method assumes that the mean is independent of
the coordinates and that there is no trend in the data.
Additionally, it is essential that the mean value of the
variable, denoted as m(u), is known. In this type of kriging,
the data value at the estimated point is calculated as follows
(Goovaerts, 1997):
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~ n(u)
Zc)=m@)+ ) ()[Z(u)m(uy)] ©)

Where: ZSK(u) represents the estimated value of the
variable Z at the unknown point u; Z(u;) denotes the value
of the variable Z at the known point uj; A;; is the weight
assigned to the variable Z at the known point u;; and n(u)
indicates the total number of observations.

2.8. Inverse Distance Weighting (IDW)

In this method, the primary estimation relationship is
identical to that of the ordinary Kriging estimator; however,
the weights are assigned solely based on the distance
between each known point and the unknown point, without
considering the distribution of the points around the
estimated location (Delbari et al., 2010). Thus, closer
points receive greater weight, while points further away are
given less weight.

The inverse distance weighting method, a specific
variation of this approach, follows the same estimation
relationship as the ordinary Kriging equation (Equation 2).
The key difference is that, in this method, the weights are
determined purely by the distance from each known point
to the unknown point, disregarding how the points are

arranged around the estimate (Mousavi et al., 2017). The
weight value A; in this method can be calculated using

Equation 6.
Di~¢%
M=SE e (6)

In this equation, Ai represents the weight of the it
station, and D; denotes the distance from the i observed
point to the estimated point. The variable o refers to the
power of the distance weighting, while n indicates the
number of observed points. The power method typically
considers the inverse of the distance, with values usually
ranging between 1 and 5; however, a power of 2 is often
used (Safavi Gerdini et al., 2016).

3. Results and Discussion

To assess changes in groundwater levels and the rate of
groundwater loss, a hydrograph illustrating groundwater
loss was created on a monthly basis for the statistical period
from 2002 to 2017. Before conducting any calculations
related to the hydrograph, the study area was interpolated
using Thiessen through ArcGIS, and specific areas were
defined for each well. Figure 2 presents the map of the Bam
Plain.
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Figure 2. Thiessen map of the Bam aquifer

Changes in groundwater levels were studied in the Bam
Plain during the years 2002-2007. Figure 1 is related to the
hydrograph of the Bam Plain. In general, the groundwater
level of the wells in the area in question has had a
downward trend.

67

The hydrograph diagram of the Bam Plain unit (Figure
3) indicates a decreasing trend in groundwater levels. This
decline was gradual until 2012, but from 2012 to 2017, the
slope of the groundwater level decreased more sharply.
Initially, water levels began to drop before 2012. As rainfall
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diminished and drought persisted, particularly during the
water years of 2016 to 2017, the hydrograph displayed a
sharp downward trend. Therefore, from the beginning of
the balance period in October 2012 to the end of October
2017, the absolute groundwater level in the plain dropped
from 746 meters to 736 meters. Several factors, including
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climate change, drought, and excessive groundwater
extraction, have led to a decline in groundwater levels. In a
study on the vulnerability of the Sirjan Plain, Abbas Nejad
and Shahidasht (2013) concluded that the over-extraction
of groundwater in the region has caused the water table to
drop in recent years.
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Figure 3. Hydrograph of the groundwater level of the Bam aquifer

Panda et al. (2007) investigated changes in water levels
across 1,002 wells in the Indian state of Orissa from 1994
to 2003 to better understand how drought, combined with
human usage pressures, impacts groundwater levels. Their
findings indicated that water levels have dropped due to
reduced rainfall during dry years, elevated temperatures,
human extraction, and inadequate replenishment during
wet years. While an increase in rainfall typically suggests a
potential rise in groundwater levels, heavy and poorly
distributed rainfall in the plains can hinder aquifer
recharge. As a result, even in years with increased rainfall,
aquifer depletion has been observed. It can therefore be

concluded that a combination of excessive groundwater
extraction and recurring droughts—whether individually or
in concert—has contributed to the decline in groundwater
levels in the region. Hamidianpour (2005), Arbabi and
Bayat (2005), and Shahid and Hezarika (2009) highlighted
drought and increased groundwater withdrawal as factors
contributing to the decline in groundwater levels.

Following an initial data analysis using GS* software,
we obtained the statistical characteristics of the data, which
are presented in Table 1. An appropriate semivariogram
was then fitted to the spatial structure of the data, with the
results displayed in Table 1.

Table 1. Statistical characteristics of the data used in the research

Star_'ndgrd Variance Minimum Maximum . Coefficient of
Parameter ~ Mean (mm) deelr:]ar::;)n (mm2) (mm) (mm) Skewness kurtosis v ariation
2'%%'2'?285% 34.33 24.74 612.05 4.49 108.44 1.54 1.82 0.72
S0 Depth 36.55 24.88 619.37 5.95 109.46 149 167 068
2'3‘;2'3;8;*‘7 39.95 24.77 613.36 8.47 112,66 1.43 153 0.62
%g)gzrfzmoe(;‘é 722.36 11557 13356.67 530.93 1144.12 1.49 3.36 0.159
ZA(:B%”?(;*H 720.14 115.48 13335.88 529.58 1142.66 1.50 341 0.160
ZAJ'lgznzmoef; 716.74 115.82 13414.22 525.96 11418 151 3.45 0.161

Using the fitted semi-variogram model, zoning maps
were created with the kriging method and inverse distance
weighting in ArcGIS software. These maps were developed
for both depth and elevation values for the years 2008-
2009, 2010-2011, and 2012-2013. Figures 4 and 5 display
the resulting interpolation maps.

The primary factors contributing to groundwater
depletion in the Bam Plain include drought, excessive
water extraction, population growth, an increase in
cultivated land, and the presence of numerous wells. In this
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context, Lashkarpour et al. (2008) noted in their study on
water table depletion and land subsidence in the Kashmar
Plain that the over-extraction of groundwater, particularly
for agricultural purposes, has led to significant
groundwater depletion. Similarly, Rahmani et al. (2009)
identified excessive extraction as one of the contributing
factors to groundwater depletion in the Neyriz Plain of Fars
Province. Shamsipour and Habibi (2008) identifie the
impact of climatic parameters and drought as the primary
causes of groundwater depletion in theHamedan Plains.
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Similarly, Azizi (2003) attributed groundwater depletion in
the Qazvin Plain mainly to drought. According to the
results presented in Table 1, the highest coefficient of
variation for the same-depth data from 2008-2009 is 0.72,
while the lowest coefficient of variation for the same-level
data during the same period is 0.159.

The analysis of the semivariogram related to the iso-
depth and iso-level data over 5 years, from 2002 to 2007,
indicates that the most suitable semivariogram model for
the spatial structure of the iso-depth data is the spherical
model. In contrast, the semivariogram for the iso-level data
is best represented by the linear model. Additionally, the
findings reveal that the radius of influence for the iso-depth

data has increased, rising from 55,530 meters during the
statistical period of 2008-2009 to 61,440 meters from 2010
to 2011. This suggests an upward trend in the range of
influence in the area surrounding the piezometric wells of
the plain. Furthermore, the threshold value has also risen,
increasing from 564.9 during the 2010-2011 period to
720.9 in the 2011-2012 period. The interpolated maps
shown in Figure 4 and the iso-depth maps in Figure 6 reveal
that the greatest depths are located in the western and
northwestern regions of the study area. Conversely, there
are smaller areas in the southern and eastern parts that have
relatively low depths. The minimum depth recorded is 4.5
meters, while the maximum depth reaches 110 meters.
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Figure 6. Iso-depth Maps for Three 5-Year Periods

Based on the interpolated maps of groundwater levels
shown in Figure 4 and the groundwater level map in Figure
5, the eastern regions exhibit low groundwater levels, while
the western and central areas of the study zone have higher
levels. The plain aquifer receives groundwater recharge
primarily from the west. However, the groundwater levels
are declining in the east, center, and south of the area. This
decline is primarily due to excessive well pumping and
agricultural water use. The groundwater table of the Bam
Plain is primarily formed by Quaternary alluvium.
Numerous wells have been drilled in the central part of the
plain, and groundwater flows from the edges toward the
center. The bedrock in this area consists of a red series,
which includes marl, conglomerate, and red sandstone,
along with gypsum and salt cement (Kerman Regional
Water Organization, 2012).
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Consequently, the rise in groundwater levels in some
areas of the region may be attributed to several factors,
including the presence of numerous canals, soil
consolidation due to groundwater outflow, reduced soil
storage capacity, and the presence of shallow clay layers.
According to the results of the semivariogram fitted to the
data in Table 2, it can be seen that there is a strong spatial
correlation between the data. The best model of the iso-
depth data related to the iso-depth data of the period 2008-
2010 was obtained with the spherical model (correlation of
0.88 and error value of 17246), and the best model between
the iso-level data related to the statistical period 2008-2010
was obtained with a correlation of 0.98 and an error value
of 1.625E-06.


file:///C:/Users/Esmaeel/Desktop/new%20jelsa/بازگشت%20از%20فتحی/6.docx%23Kerman
file:///C:/Users/Esmaeel/Desktop/new%20jelsa/بازگشت%20از%20فتحی/6.docx%23Kerman

Dehghan et al.

N
a Alignment map of 2002-2006 b Alignment map of 2007-2011
Jmn:«"l iiaiaaits U | \ 220000 . .
P/ | & { th/ &4 & |+
2210000 ‘ . | - \ 2210000 . -
waal/ [ IS 8, NRRE 0 o — o, NN ([
f e 1 . -..l R g ..’0..
3190000 |{ \ = o] » | ] (| 3190000 3 . . s !
| l‘ \‘ i . \v: " .';.‘ . . % F] : .‘ ) - -
RIA00G " \ ‘\_ ".‘ 31800001 "
=l | 5P\ B | R | A\ -
&X)‘“U ﬂ@r;n D&l’rm 800000 870000 “{KX} &‘7“‘) .‘mrouu 790000 well 830000 840000 850000 B80000 470000 880000 €80000 700000 710000
N
c Alignment map of 2012-2017
T T
) N 5 ( 1
2220000 \ | | e |
‘. ‘,\" ' e "b { \
210000 3 3 / . 1‘ .;‘ [
/ el \ ]
sl 1 A& 4 e # “..‘
swood /| \ ._ 1+ °] o W
/ /  F | ] | - \ o]
v [ | ‘ [ <) ¢} & \
3180000 { | P [
g | H — ) T )
well 30000 B40000 ES0000 G80000 STD000 SBO000  ES0000 TOO000 710000
Figure 7. Alignment Maps for Three 5-Year Periods
Table 2. Properties of the Fitted Semi-Variogram
Parameter stSr ?Jac?:rle Piece effect Threshold Radius of Cco Correlation RSS
model (CO) (C+C0) effect C+Co coefficient (R?)
éf)%é?zeggg Spherical 27 564.9 55530 0.05 0.88 17246
Z'f)%f’zegth Spherical 30 570.9 55210 0.052 0.87 18546
2'3(12'3;8‘1“7 Spherical 5 720.9 61440 0.01 0.89 31718
'2“0'6%”2‘(%‘; Linear 0.0001 0.038 81830 0.003 0.92 7.099E-05
?AB%”%{‘; Linear 0.00001 0.021 61090 0.0005 0.93 1.653E-05
9(;'1%”?5{‘; Linear 0.00001 0.0097 41560 0.0005 0.98 1.625E-06

4. Conclusion

This study examined iso-depth maps over three 5-year
periods, revealing a minimum depth of 4.5 meters and a
maximum depth of 110 meters. The analysis of both iso-
depth and iso-level maps during these periods indicated
that from 2014 to 2016, the iso-depth range was between
68 and 110 meters, while the iso-level range varied from
940 to 1100 meters. This suggests a decrease in the
maximum depth of groundwater. Additionally, the
hydrograph for the Bam Plain unit showed that the
groundwater level exhibited a decreasing trend with a
gentle slope until 2012. From 2012 to 2017, the slope
became steeper, indicating a more rapid decline in the
groundwater level, which dropped by 10 meters during this
time. On the other hand, the iso-depth and iso-level map of
the studied area indicates that the deepest groundwater
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levels were found in the western regions. Over the three
analyzed periods, these depths decreased in size. The
statistical characteristics of the iso-depth maps reveal that
from 2002 to 2012, the coefficient of variation of depth
exceeded 50%. This high coefficient indicates significant
fluctuations in groundwater levels within the area. Such
variability may be attributed to external factors influencing
the hydrological conditions, geological structures, and
differing land use practices.

The Bam Plain is currently experiencing a negative
water balance. The decline in groundwater levels, coupled
with a deficit in reservoir capacity, has led to a deterioration
in groundwater quality and gradual salinization. This
situation has resulted in the encroachment of saline water
into freshwater areas, creating severe hydraulic gradients
and negative pressure gradients. Consequently, the
direction of groundwater flow has reversed, allowing
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wastewater and pollutants from the riverbed to infiltrate the
groundwater. Additionally, there has been an increase in
the thickness of the unsaturated zone and a decrease in the
upward resistant components that typically protect the
alluvial layer. This has led to a reduction in the discharge
of clean water and the drying up of aqueducts. The depth
of the groundwater level has also increased, and there has
been a significant decrease in recharge components, such
as rainwater infiltration and agricultural return flow. The
decline of the water table and the resulting land subsidence
can lead to several issues. These include the formation of
pipes in agricultural wells, the collapse or bending of well
casings, and the failure of installed structures. Additionally,
subsidence can reduce the aquifer's storage capacity,
damage wells and garden walls, affect technical buildings
and roads, disrupt the alignment of gas and water pipelines,
and create inconveniences for farmers. It may also result in
irrigation challenges and water wastage. As noted, the
increasing extraction of groundwater, particularly in areas
with shallow marine alluvial deposits or unconsolidated
lake beds, can cause the ground surface to subside. This
occurs bhecause excessive withdrawal of groundwater
lowers the water table significantly.

The maps, figures, and graphs obtained from this
research and field operations confirm the previously
mentioned cases in the Bam Plain. The economic
prosperity of this region is primarily based on agricultural
activities, which have led to a significant withdrawal of
water from the groundwater table for farming purposes.
While this agricultural success is crucial for the local
economy, it has resulted in the depletion of water resources.
A further decline in both the quantity and quality of water
will pose a serious threat to the region's economy. Given
the importance of water resources for the livelihoods of
residents, it is essential to implement effective solutions to
address this issue. Recommended actions include:
1- Preventing unauthorized water extraction
refraining from issuing new permits.

Protecting aquifers and promoting artificial recharge.
Valuing water as a vital resource and preventing
unauthorized use.
Preventing the
riverbanks.
Preserving riverbeds and their surroundings, which are
crucial for aquifer replenishment.

Changing irrigation methods and cultivation practices
to conserve water in agriculture.

Utilizing treated wastewater as an alternative to
agricultural water.

Promoting a culture of responsible water use.
Conducting annual studies to monitor declines in water
levels and to improve water distribution management.
Implementing these strategies can help manage water
extraction more effectively and minimize the depletion of
groundwater and its associated consequences.

and

2-
3-
development
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8-
9-
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