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ABSTRACT

In recent years, infrastructure systems have been frequently disrupted
due to the increase of natural or man-made disasters and due to internal
and external dependencies between system components. Since such
interdependencies may increase vulnerability and cause cascading
failures, understanding interdependencies and assessing their impact is
necessary to reduce adverse consequences and increase disaster
resilience in the long term.The general aim of the current research is to
measure the spatial interaction caused by the infrastructural contiguity
pattern based on the factors of minimum distance and compatibility in
the contiguity of infrastructures in the metropolis of Ahvaz.This research
is based on the purpose of e-development and application, and in terms
of descriptive-analytical methodology, it is based on studies and field-
documentary surveys. For this purpose, after comparative studies, the
target infrastructures of the research were identified and categorized in
the form of 30 indicators. After that, in order to show the spatial
distribution of the infrastructures, the spatial layers of the infrastructures
were prepared. In this research, in order to determine the spatial
interaction, the minimum distance matrix and the compatibility model
and the integration of these two models have been used. The minimum
spatial distance model was extracted based on real data through GIS
software, and the compatibility model was obtained based on a survey of
20 experts in the field of urban infrastructure management. The results
indicate that the spatial interaction of energy infrastructure, emergency
and political-management services have more severe effects on the
occurrence and exacerbation of urban accidents, and the network of
communication roads, fire stations, power lines and sewage network
have no effect on the occurrence or exacerbation of urban accidents.
There are no losses and casualties, so some critical infrastructures do not
have a negative impact on spatial interaction and only these impacts are
considered positive in disaster management.
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Extended Abstrac

Introduction

So far, some researchers have assessed the
vulnerability and resilience of critical
infrastructure, however, few have considered
the two-way interdependence of critical
networks. These researches on resilience
assessment generally assumed that critical
networks can return to their original function,
while limited recovery (against disasters) is
more practical. Critical infrastructures are
responsible for various human functions and
activities and play an essential role in societies,
on the other hand, infrastructure systems are
not separate and depend on each other.
Interdependencies between critical urban
infrastructure systems significantly affect their
reliability and performance and the resilience
of modern societies. In 2017, the World Bank's
City Resilience Program launched an
ambitious resilience research and policy
agenda. The main mission of this program s to
"accelerate the change from mostly single-
stream resilience operations at the city level to
long-term, more  comprehensive  and
multidisciplinary planning to build resilience".
From the last decade of the 20th century, a
large number of countries such as the United
States of America and Australia began to
examine the threats to their infrastructure, so
that new risks in all sectors such as
telecommunications, energy, health,
management, transportation, etc. The critical
infrastructure of the presidency in the United
States was identified

In recent years, infrastructure systems have
often been disrupted due to the increase of
natural or human disasters and due to internal
and external dependencies between system
components. Since critical infrastructures are
complex, interdependent and ubiquitous, they
are sensitive to disturbances, even a minor
disturbance can create a chain of events and
reduce the performance of infrastructure
systems, which has significant consequences.
Also, nowadays, with the development of the
city, many types of risk sources that are
surrounded by densely populated residents are
increasing rapidly. Like the gas pipeline, as
one of the urban infrastructures, it is
distributed in the area where the population
and public facilities are concentrated, and
when the gas pipeline leaks, it will cause a lot
of damage, and worse, there may be a
cascading effect of incidents from sources.

The surrounding risk aggravates the damage
and promotes the accident

The interconnectedness. between critical
infrastructure systems shows that damage to a
single system can be beyond its scope. A clear
picture of multiple hazards and their changing
effects on dependencies is provided by a case
study in Karunga, Malawi, where acute shocks
such as floods and earthquakes are associated
with daily hazards such as poor sanitation,
poor housing and poor quality drinking water.
Simultaneous risks are combined in different
ways. For this reason, dependencies can lead
to cascading dysfunction and increase system
vulnerability. The city of Ahvaz has a multi-
role system and urban, extra-urban and even
national functions. Also, due to its geostrategic
location and sensitive social and cultural
context, it faces accidents and challenges that
can cause damage and disturbances in the vital
infrastructure of the city of Ahvaz. do Among
these accidents, in February 2016, the
accumulation of dust particles caused by the
dust storm on the distribution and super-
distribution systems of incoming electricity in
Ahvaz and the rain caused disruptions in
power stations and substations. Ahvaz fell into
blackout, and with the power cut, the water
pumps in these areas also stopped working. A
widespread power cut in Ahvaz led to a water
cut, followed by a cut and disturbance in
mobile phone communication networks.
Twelve cities of Khuzestan province faced the
challenge for a month. Due to the existence of
a network of critical infrastructures and
infrastructure connections resulting from
them, the city of Ahvaz is exposed to risks and
damages caused by the effects of infrastructure
dependencies. Therefore, understanding the
interdependencies and assessing their impact
iS necessary to reduce adverse consequences
and increase disaster resilience in the long
term.

Methodology

The approach that governs the present research
is spatial and its purpose is to measure the
spatial interaction resulting from the
infrastructural contiguity pattern based on the
factors of minimum distance and compatibility
in the contiguity of infrastructures in Ahvaz
metropolis. For this purpose, after comparative
studies, the target infrastructures of the
research were identified and categorized in the
form of 30 indicators. After that, in order to
show the spatial distribution of the



infrastructures, the spatial layers of the
infrastructures were prepared. In this research,
in order to determine the spatial interaction,
the minimum distance matrix has been used.
Also, after determining the spatial interaction,
in order to estimate the intensity of the
functional dependencies of the infrastructures,
the method of mutual effects in the cross
matrix was used based on a survey of 20 expert
experts in the field of urban infrastructure
management. The linear process of the current
research is drawn in the form of five steps as
follows. First step: Determining the spatial-
infrastructural dependency rating Second step:
normalization of the minimum spatial distance
matrix The third step: determining the spatial-
infrastructural interaction in the minimum
distance index Fourth step: determining spatial
interaction based on spatial compatibility The
fifth step: integration of minimum distance
spatial interaction matrix and consistency
pattern The sixth step: Spatial model of
interaction in Ahvaz city

Results and discussion

First step: Determining the spatial-
infrastructural dependency rating. In order to
analyze the spatial interaction of the vital
infrastructures of Ahvaz city, in the first step,
the spatial interaction score was estimated
using a quantitative method in such a way that
the vital infrastructures were compared two by
two and the minimum distances of each
infrastructure were extracted from other
infrastructures, then using the relationship 1
point and rank of each infrastructure was
determined. For example, the normalization
score of the spatial interaction of the
communication infrastructure network (road
and rail) is 0.0001 and in terms of dependence
it ranks 1st among the selected critical
infrastructures, so the most spatial dependence
of the critical infrastructures of Ahvaz city The
average minimum distance is related to the
infrastructure  of  the  network  of
communication ways (road and rail). On the
other hand, the lowest spatial dependence of
the vital infrastructures of Ahvaz city
according to the average minimum distance is
related to the infrastructure of water and
sewage pumping stations with a score of
0.1140 and a rank of 30.

Second step: Normalization of the matrix of
the minimum spatial distance: In this step, the
minimum distances (D) obtained between the
vital infrastructures of Ahvaz city are descaled

(B) through equation (2), then normalized
through equation (3). The data has been
created (N). The output of the model has
shown that the highest average normal
distance (S) for the vital infrastructures of
Ahvaz city is related to the infrastructure of
water and sewage pumping stations (E4) at the
rate of 51.50, in other words, the said index is
the largest spatial distance compared to other
infrastructures. It has vital features in this
research, so it creates the least effect and
influence in the infrastructural neighborhood
pattern. On the other hand, the lowest average
normal distance of 0.24 is related to the
infrastructure of the communication road
network (C4), so the mentioned index plays
the greatest effect in the infrastructural
contiguity pattern.

The third step: Determining spatial-
infrastructural interaction in the minimum
distance index: In this step, the normal
distance (N) obtained among the vital
infrastructures of Ahvaz city is compared with
their average normal distance (S) and through
equation (5) their mutual effect is determined.
We found that 0 indicates no effect, 1 indicates
low effect, 2 indicates moderate effect, and 3
indicates high effect. Figure (3) shows the
spatial interaction of the vital infrastructures of
Ahvaz based on the minimum distance matrix.
Based on the outputs of the implemented
model for the minimum distance index, the
spatial interaction of critical infrastructures
was obtained, which out of a total of 900
modes of spatial interaction between critical
infrastructures, 358 modes have no impact,
315 modes of low impact, 66 modes of
medium impact and 161 modes of high impact
is showing.

Fourth step: Determining the spatial
interaction based on spatial compatibility: In
this section, it is tried to extract and analyze the
information and data needed to identify the
incompatible situation between the vital
infrastructures of the city of Ahvaz by
reviewing the documents related to urban land
use. It should be mentioned that because an
accident such as a fire in any of the critical
infrastructures can be considered a threat to
other neighboring infrastructures, therefore a
guantitative method was used to analyze the
spatial interaction of the critical infrastructures
of Ahvaz city. that the critical infrastructures
were compared two by two and in case of
spatial dependence (incompatibility or
creating a spatial disturbance) the number one



was considered and in case of no spatial
dependence (compatibility or indifference) the
number was considered zero. The spatial
interaction score of the infrastructures of
military centers, gas and gas stations, oil
facilities is 20 and in terms of dependence it
ranks 1st among the selected critical
infrastructures, therefore the most spatial
dependence of the critical infrastructures of the
city of Ahvaz according to the compatibility
pattern related to the infrastructure military
centers, petrol and gas stations, oil facilities.
On the other hand, the lowest spatial
dependence of the vital infrastructures of
Ahvaz city according to the adaptation pattern
related to fire infrastructure, network of
communication routes (roads and railways),
power lines, sewage network with a score of 0.
Fifth step: Integration of spatial interaction
matrix of minimum distance and compatibility
model: In this step, the points obtained in the
stages of minimum distance and compatibility
model are integrated in such a way that the
critical infrastructures get the points obtained
in the minimum distance stage, in the case of
compatibility. being based on the consistency
pattern, and in case of inconsistency, the total
points earned in both stages will be considered.

Conclusion

In this research, the most important
influencing factors on the spatial interaction of
Ahvaz city's critical infrastructure components
were identified in 30 variables, which
according to the minimum spatial distance
matrix is the most influential indicator related
to the infrastructure of telephone centers and
the most influential indicator related to the
infrastructure of power lines. Also, according
to the pattern of adaptation, the most effective
and effective location of the vital
infrastructures of Ahvaz city is related to the
infrastructure of military centers, gas and gas
stations, oil facilities, and the least effective
and effective is related to the fire
infrastructure, the network of communication
routes (roads and railways). , power lines,
sewage network. The results of the integration
of the minimum spatial distance matrix and
consistency pattern show that among the vital
infrastructures of Ahvaz city, the most
influential index is related to the gas station
variable and the most effective index is related
to the gasoline and gas pump variable.

In this research, we came to the conclusion that
the spatial interaction of energy infrastructure,

emergency and political-management services
have more severe effects on the occurrence and
escalation of urban accidents, and the network
of communication roads, fire stations, power
lines and sewage network have no effect on the
occurrence of accidents. They do not have
urban or aggravating damages and casualties,
so some critical infrastructures do not have a
negative impact on spatial interaction and only
these impacts are considered positive in
disaster management.  After knowing the
extent of spatial dependence of critical
infrastructures, the next step in addressing the
issue of infrastructure dependencies in urban
planning is to provide solutions to increase
resilience. In general, the following solutions
are suggested: increasing the security
fortifications of sensitive infrastructure,
especially  the  energy infrastructure;
Relocating incompatible critical infrastructure,
especially the infrastructure of gas stations and
gasoline and gas pumps; Considering support
networks to increase the resilience of political-
management infrastructures against disasters;
Using the principle of retrofitting and
adaptation in improving the quantity and
quality of emergency service infrastructure;
Renovation and restoration of infrastructure
related to the water network; Reforming urban
management and using passive defense
principles in planning; Adjusting the spatial
distribution of population and performance in
the central part of Ahvaz city; Considering
special measures to deal with the crisis and in
order to reduce the risk and vulnerability of
Region 1 and the old Ahvaz area.
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