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ABSTRACT

Today, the issue of land subsidence has emerged as a significant and critical factor
jeopardizing both surface and subsurface structures within the nation, particularly in the
northwest region. This situation necessitates the preservation of such infrastructures.
Considering the vast expanse of the electricity distribution network in East Azerbaijan
Province—encompassing an area of 45,000 square kilometers, a network length of 26,000
kilometers, and serving 930 thousand subscribers—the apprehensions regarding the existence
of potential risks are justified. This extensive network is deemed one of the most sensitive and
essential assets within the province in relation to the occurrence of land subsidence. Given
this high level of sensitivity, it becomes imperative to identify regions susceptible to
subsidence and to assess the vulnerability of the electricity distribution networks while
implementing necessary measures to enhance resilience against this phenomenon. The
objective of this research is to delineate the vulnerable regions. Conversely, land subsidence
poses threats to power grid installations within East Azerbaijan Province. In this study,
ArcGIS 10.7 and Super Decision software were employed to generate the information layers;
furthermore, to ensure appropriate homogeneity among the various layers, the input data was
standardized, and the Analytical Network Process (ANP) was utilized. The findings of the
research indicate the existence of areas characterized by a high risk of subsidence, covering
an expanse of 1,981 square kilometers, alongside regions with an exceedingly high risk of
subsidence, encompassing 268 square kilometers, extending from the northwest to the
southeast of the province (including the cities of Marand, Shabestar, Tabriz, Bostan Abad,
Mirage, and the central area). Additionally, in the southwestern municipalities of the province
(namely Banab, Malekan, and Ajabshir), there are hazardous zones where the threat of
subsidence and potential damage to electrical installations necessitate serious consideration.
An examination of the maps and data further reveals that a majority of groundwater extraction
wells are situated in high-risk areas with considerable density. Investigations also indicate
that agricultural activities predominantly characterize land use in high-risk areas, wherein
the most significant drop in groundwater levels has been observed. In this investigation, by
superimposing the province's power transmission network map with the final subsidence risk
zoning map, it was ascertained that portions of the province's power grid facilities are located
within high-risk zones concerning land subsidence.

Land subsidence risk; resilience; power grid; AN;, ArcGIS.
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Extended Abstract
Introduction

he occurrence of subsidence can vyield surface morphological consequences, including
morphological irregularities, impairment to human-made infrastructures, a diminution in aquifer
volume, disruption of hydrological flow patterns, interference between freshwater and saline water,
and damage to power lines along with interruptions in power transmission equipment. Subsidence
is predominantly shaped by anthropogenic factors, such as groundwater extraction, land utilization,
and subterranean constructions. Given the rising trend of groundwater extraction from agricultural
wells in the East Azarbaijan province, it becomes imperative to delineate regions susceptible to
subsidence. Within the East Azarbaijan province, the electricity network comprises the most
extensive infrastructure, necessitating that nearly all these facilities be established on stable ground,
with the requisite stability maintained over time. Approximately 600,000 electric poles function to
ensure the delivery of reliable and consistent electricity. Thus, in light of the subsidence
phenomenon in the province, recognized as a significant and prevalent hazard following
earthquakes, floods, and droughts, the failure of power transmission structures engenders economic,
social, and political infrastructure dilemmas; forecasting the risk of subsidence within the electricity
sector appears crucial alongside other natural hazards. Acknowledging that subsidence management
is a pivotal issue interlinked with water and soil resources, it is essential to formulate national
policies and plans to enable coordinated actions aligned with other strategies concerning water and
soil resources, in collaboration with all national and provincial executive entities. The East
Azarbaijan province, characterized by an extensive power line network and the concomitant threat
of subsidence to this network, necessitates a thorough investigation into the phenomenon and the
potential constraints it imposes on the power grid.

Methodology

Information System (GIS). The construction of the layers was accomplished. Subsequent to the
preparation of the criteria maps, the Analytical Network Process (ANP), a prominent methodology
within multi-criteria decision-making (MADM), was employed. Within the ANP framework, to
derive the ultimate significance vector (WANP), a matrix of pairwise comparisons was established,
and to substantiate the validity of these comparisons, the consistency ratio (CR) of the matrix was
computed, yielding a consistency coefficient of less than 0.1. Given that Super Decision software
functions as a decision support tool, it was employed to facilitate the pairwise comparisons and to
determine the final weights within the context of the network analysis process (ANP). In the initial
phase of the Analytic Network Process (ANP) methodology, the interrelationships among the
factors are established. To achieve this objective, various criteria were systematically compared in
pairs based on their existing interdependencies. For each of the natural hazards examined, a
comprehensive questionnaire was developed and distributed to pertinent experts in the field.
Subsequent to the completion of the questionnaires and the verification of their consistency rate, the
responses were averaged, thus facilitating the determination of the relative significance of the
criteria within this methodological framework utilizing a nine-point quantitative scale.

Following the acquisition of the criterion weights through the Analytic Network Process (ANP)
methodology, the criterion maps associated with each hazard were subsequently invoked within the
ArcGIS software environment and amalgamated utilizing the Weighted Overlay technique, leading
to the derivation of the conclusive subsidence hazard maps. In order to construct the final subsidence
representations, subsequent to the attainment of the criterion weights via the ANP approach, the
maps pertaining to the examined criteria were categorized employing the Natural Breaks method,
based on the pixel values, into the requisite number of risk classifications. During this phase, pixels
exhibiting similar values were aggregated into a singular class while ensuring that the maximum
disparity between the classes was acknowledged, thereby facilitating the division of the examined
feature into classes characterized by varying values. Subsequently, the criterion map corresponding
to each hazard was invoked within the ArcGIS software environment and integrated with one
another.

Result

The cartographic representations delineated concerning the extent of groundwater depletion within
the province reveal that the most significant reduction in groundwater levels is associated with the
regions of Marand, Hadishehr, Basmanj, B ostan Abad, Dozdozan Sarab, and Middle Turkmenchai.
In regions characterized by elevated wind activity, the volume of subterranean water extraction,
primarily driven by unsustainable agricultural practices and the proliferation of orchards through
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the introduction of non-indigenous flora, has substantially escalated water consumption in recent
years. The data illustrated in the maps suggest that the highest concentration of subterranean water
extraction wells is correlated with the municipalities of Maragheh, Benab, Malkan, followed by
Shabtar, Ahar, Marand, Sarab, Bostan Abad, and Mianeh. Given the elevated density of wells in
these locales, it is plausible to anticipate a considerable likelihood of subsidence occurring within
these regions. Based on the findings derived from this investigation and in consideration of the
conclusive subsidence zoning map, areas identified as being at a high risk of subsidence encompass
a total area of 1981 square kilometers, while regions characterized by an exceptionally high risk of
subsidence span 268 square kilometers, extending from the northwest to the southeast of the
province (including Marand, Shabestar, Tabriz, Bostan Abad, Sarab, and Mianeh) and also
encompassing the southwestern municipalities of the province (Banab, Malkan, and Ajabshir),
where a majority of the high-density subterranean water extraction wells are situated, coinciding
with the most pronounced declines in groundwater levels. Through the superimposition of the
province's power transmission network schematic with the definitive subsidence risk zoning map,
the infrastructure located within regions of elevated and extremely high subsidence risk was
delineated. By conducting spatial analyses of the integrated maps, the metrics regarding the quantity
and volume of equipment, as well as the number of subscribers situated within the subsidence zones
of high and very high risk, were ascertained. By determining the statistical data pertaining to the
equipment and subscribers located within the subsidence areas exhibiting a high and very high
probability of risk, it has been established that the municipalities hosting the most extensive lengths
and highest numbers of power transmission network infrastructure, with consideration for the most
critical equipment by municipality, reveal that over 70 percent of the equipment and subscribers
situated in the high and very high risk subsidence zones are associated with the cities of Marand,
Shebaster, and Bonab.

Discussion & Conclusion

According to the longitudinal statistical data provided by the Ministry of Energy, an analysis of the
most recent findings derived from fundamental studies of Iran's water resources during the water
year 2017-2018 indicates that, with the exception of the Shiramin and Sarai aquifers within the
Urmia Islands study area, the cumulative average of static level variations across all aquifers in the
province has exhibited a negative balance for a minimum duration of five years. Furthermore, the
observed decline in static levels in certain study regions, particularly underground water resources
within the province, has reached a maximum depth of alteration during the water years 1397-1399,
with the Marand aquifer demonstrating a significant cumulative stagnation of 17.24 meters,
consequently diminishing the aquifer's volume by 504.5 million cubic meters. In this particular year,
the average cumulative static changes for the Ajabshir aquifers have been recorded at minus 6.26
meters, Tabriz at minus 2.94 meters, the northern slopes of Sahand at minus 15.51 meters, Dodozan
at minus 4.99 meters, Bostan Abad at minus 6.34 meters, while Shabestar has reported a negative
change of 10.04 meters, and an additional negative balance of 15.35 meters has also been
documented. Cumulatively, out of a total of 1.1 billion cubic meters of underground water, 1.03
billion cubic meters is allocated for agricultural purposes, 0.03 billion cubic meters is designated
for industrial consumption, and 0.155 billion cubic meters is utilized for drinking needs. Regarding
surface water, 1.4 billion cubic meters are consumed within the agricultural sector, 0.05 billion cubic
meters in the industrial domain, and 0.15 billion cubic meters are used for potable purposes, a figure
that notably excludes the environmental requisites of hydrological units. Regrettably, due to the
suboptimal performance of the province in the containment and storage of surface water, it has
become increasingly necessary to resort to underground water sources, thereby exerting undue
pressure on the aquifers.
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Figure 3. a) Location map of underground water extraction wells and, b) density map of underground water

extraction wells
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Figure 4. a) DEM image of the area and, b) image of the slope map of the area
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3o S ol Lol wlbsg, Sl alol b wsSas daly wes s of Sl gl Lol i Bl 3
OB 53 e 358 0 U5 e 5 Ol e e s S ol i 45 el 5 b glawilss,
M}}JL&}MJJJBA.L@&J{‘}:}bQ‘?;JQK&54'@Ajﬁj;.jb.LL?JJJ»:L»‘J{LAAJB-J‘U‘\SC}@}AQ.:‘
(1) Jamn gz (1) oS (1) oS ot 30 o b el iy s 55 5l dols Ll 28 Ll Sl s
S ol 6 e 42 g Lol ol by (s ) IS il (0) 345 s () 5L
(o0 K8 el da>Me LB Slead 51 (S S Cand s Laib

Bl 3l kol iy aig akd (o5 Olel gls wls s, atis (il 1\ JSCs

el ey e oy ]

Alaag, ) ALald 1 i
VALUE> b

o
0-1.765

1.765-3950 5
3.950-6.412 o

6.412-11.850

T

1cm =12 km ot s ly 1em=12km oo a0 1841 e e
| H

Figure 6. a) Map of the rivers of the province and, b) Zoning map of the distance from the river
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Figure 7. a) Soil type map and, b) soil zoning map of the province
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Figure 8. a) the map of the power distribution network of East Azarbaijan province and, b) the final map
of subsidence zoning
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Figure 9. Overlap map of the province's electricity transmission network with subsidence risk zoning
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Table 1. The amount of power transmission network equipment located in the zoning of subsidence with high and

very high risk
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Table 2. The volume of air distribution post located in the zoning of subsidence with high and very high risk
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Figure 10. a) Zoned areas with high and very high subsidence risk in this research and b) overlapping areas of
subsidence risk
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Figure 11. a) Subsidence atlas of the country mapping organization (warning areas for East Azerbaijan province)
and, b) zoning map of Shabestar city
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