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Revised:2023/12/05 Introduction: In recent years, the phenomenon of land subsidence, as
Accepted:2024/01/14 one of the harmful effects of lowering the level of underground water,
has always been the subject of discussion and concern of human
societies. Therefore, this issue, along with the intensification of other
challenges such as climate change, needs to find a solution. Scientific
studies and subsequently designing and compiling various future
researches to face possible future conditions with the least cost and
economic and social damage. Shahryar Plain is one of the forbidden and
critical plains of the country, which is also active in terms of industry
and agriculture. This plain has been affected by the phenomenon of land
subsidence for the past several years. The presence of vital arteries,
economic, pilgrimage and military areas has turned it into a strategic
area, which doubles the cost of the harmful consequences of
subsidence. Therefore, it is very important to predict the possibilities of
structural land by applying different conditions and probability of
occurrence in different conditions to prevent and prepare to reduce its
negative consequences in the way of implementing future water
resource management plans.
Methods: Using the geological, geotechnical and hydrological data of
the plain in COMSOL software, the subsidence in 22 selected points of
the study area was calculated during the years 2002-2018 and after
verification and obtaining a high agreement with the real data and radar
interferometric images, the amount of subsidence has been estimated
till 2031.
Findings: In this research, it has been tried to rely on the findings
obtained from the prediction of the subsidence of the Tehran-Shahriar
plain until the horizon of 2031 and based on the multiple scenarios in
order to make policies. and provide guidance for future actions in the
field of water resource and consumption management.
Conclusion: The general result showed that the rate of subsidence in
the early years appeared at a higher rate in the upper layers of the
aquifer, and over time, after filling the voids between the soil particles
towards the upper layers of the aquifer surface, and finally leads to the
surface of the earth, the changes in the underground water level and the
type of land have been among the factors affecting the subsidence
= pattern and rate.
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Extended Abstract

Introduction

The growth of the population along with the
excessive expansion in the exploitation of
underground water resources with the aim
of expanding the wuses in agriculture,
industry and drinking, along with the
increasing climate changes and droughts,
have adverse results in the quantitative and
qualitative aspects of the resources.

One of the negative and disastrous aspects
of increasing the deficit of aquifers is the
phenomenon of land subsidence. Which,
unfortunately, has had an increasing trend in
recent years, which mainly occurs due to the
increase in the effective vertical stress of the
soil as a result of the decrease in pore
pressure.

Subsidence is caused as a result of excessive
withdrawal from aquifers and increase in
their deficit. Therefore, in case of depletion
or reduction of this volume of water, the
layers of the soil, which are mainly fine-
grained sediments, are gradually pressed
against each other. As a result of this event,
the earth's surface reaches a new lower
level. The effects of this sinister event in the
long run will cause huge costs to be paid to
compensate for its destructive effects. Of
course, in many cases it is improbable and
almost impossible to compensate for the
damages due to the non-irreversibility of the
natural behavior of this event. Therefore, it
is very important and valuable to research,
study and present different future studies
with a high probability of occurrence based
on documented findings regarding the
optimal management of underground water
resources and uses.

Materials and Methods

The main goal of this research is to know,
examine and understand the behavior of the
earth due to changes in the level of
underground water in different future
conditions, which are specifically called the
phenomenon of land subsidence, which is
used to achieve stable and strategic plans in
optimal water sources management.

In order to predict subsidence, geological,
geotechnical and hydrological data of the
area were entered separately in the relevant
part of COMSOL software. Then, three

separate layers including the surface, middle
and bottom layers were defined for the
range, where the surface layer is free and the
bottom layer is non-pervious in such a way
that no seepage occurs from it. The middle
layer is also largely non-permeable, which
makes the upper table have a fixed head.
Land subsidence data were estimated from
2002 to 2018 in 22 selected points
(corresponding to the location of
piezometers). Also, accordingly, in order to
check the accuracy, the Sentinel 1 radar
interferometry images taken in 2002-2015
were compared with the corresponding
maps of the output of COMSOL software. In
comparison of images and maps, zoning of
subsidence, an acceptable match in terms of
subsidence area between the maps was
observed.

As mentioned earlier, the main cause of
subsidence in the studied area is the annual
drop in the underground water level. By the
year 2018, the amount of underground
water drop in some parts of the studied area
reaches about 30 meters, and the forecast of
the drop of the underground water level
with the continuation of the current trend is
about 40 meters in the year 203 1. Therefore,
due to the fact that the potential of land
subsidence is higher in the central and
southern parts of the plain, as a result, the
land subsidence is occurring at a faster rate
in these parts, so the land subsidence is from
the northern and central parts of the plain. It
is expanding to the southern and
southeastern parts, so that in 2031, almost
one third of the studied area will be affected
by the effects of subsidence or high rate of
about 19 cm and the minimum will be about
9 cm. This amount of land subsidence in
some places has led to the creation of cracks
and fissures in buildings and agricultural
lands, and the infiltration of rainwater and
surface water into the cracks in the future.
Therefore, it is very important to predict the
possibilities of structural land by applying
different conditions and probability of
occurrence in different conditions in order
to prevent and prepare for its adverse
consequences in the way of implementing
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future plans of  water
management.

resources

Findings

The final achievement of all future research
methods is to investigate the possible
scenarios. In fact, it is a method to identify
and analyze different situations of a
phenomenon with alternative and possible
options in the future, whose probability of
occurrence will be different in different
conditions. Relying on the findings of the
current research and based on the
conventional methods of multiple future
research, it was presented in order to make
policies and direct future actions in the field
of optimal management of water resources
in Tehran-Shahriar plain.

In this research, it has been tried to rely on
the findings of the subsidence prediction of
Tehran-Shahriar plain until the horizon of
2031 and on the basis of multiple future
research method (current situation,
pessimisticc, medium and optimistic), in
order to make policies. and provide guidance
for future actions in the field of water
resource and consumption management.

Discussion

In this research, with the help of COMSOL
software, the subsidence in Tehran-Shahriar
plain in the period of 2002-2018 in 22
selected points was validated, compared and
investigated with the Sentinel 1 radar
interferometry images. Then, the subsidence
rate from 2002 to 2015 was calculated by
the relevant software. Also, in order to make
policies and direct future actions in the field
of optimal management of water resources
and uses, relying on the findings of the
prediction of the subsidence of the plain
until the horizon of 2031 and based on the
multiple future research method (current
situation, pessimisticc, moderate and
optimistic) shows:

The occurrence of subsidence in this plain is
a continuous phenomenon until the horizon
of 2031 and has a direct relationship with
the type of soil layering in the region,
including fine-grained formations with a
large thickness and changes in the level of
the underground water level, so that in the
early years at a higher rate. The upper
surface of the aquifer has appeared, which
can be seen over time after filling the voids

between the soil particles and due to the
hydraulic connection between the layers at a
slower rate than in the past in the upper
layers of the aquifer surface and the ground
surface. Therefore, the changes in the
underground water level and the type of
land have been among the factors affecting
the subsidence pattern and rate.

The aquifer level will reach 26, 44 and 84
meters respectively, by 2031 with the
implementation of various future studies
(current, optimistic and average). In the
pessimistic future research, this amount of
drop will be to the extent that the average
thickness of the aquifer in 2031 exceeds 100
meters from the surface of the earth, which
will result in the drying up of many surface
and semi-deep wells.

Probable subsidence can be predicted by the
implementation of various future studies
(current, optimistic, medium and pessimistic
situation) until 1950, 2350, 2900 and 3100
mm, respectively in 2031 compared to 2002.
Of course, it should be noted that subsidence
in the future research of continuing the
status quo and pessimistically, with the
drying up of alarge part of the aquifer before
the year 2031, will inevitably cause the
subsidence to stop at that time. In the case of
optimistic future research, due to the
stability of the underground water level, it
may have a little subsidence for a limited
period of time, but it will stop after that.
Population growth along with excessive
expansion in the exploitation of
underground water resources in agriculture,
industry and drinking sectors, along with
climate changes and increasing droughts,
have adverse results in the quantitative and
qualitative aspects of the water resources,
will increase the subsidence rate. Therefore,
identifying and analyzing the different states
of the land subsidence phenomenon, which
has a direct relationship with the changes in
the groundwater level and the type of land in
the region, is very important and valuable in
order to achieve stable and strategic plans in
the optimal management of water resources
and uses.
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