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Research Paper a
Spatiotemporal Changes in Regional Temperature Influenced by Global =
Warming in Tehran Province, Iran

Niloofar Mohammadi® *, *Zahra Hejazizadeh® ", Parviz Zeaiean Firouzabadi* ', AliReza Karbalaee®

1. Department of dimatology, Faculty of Geographical Sclences, Kharazrnl Unhersity, Tehran, Iran
2. Department of Aermote Sensing and G5, Faoulty of Geographical Sciences, Kharazmi Universtty, Tehran, Iran.

==y Mohanwnadi M, Hejamizadah 7, Zeaiean Fironzabadi P Karbalsee 4 (2005). [Bpetictemporz]l Changes in Remional
Temperahare Infheenced by Global Wermms 1n Tefran Province, Iran (Perzian)). Disaster Prevertion and Momazemers Knowladgs,
JAT:124-143 . btps:{idod arg'10.32598 DAMEP 15 2.904.1

d | bitpe:/doi.ore/10.32598 DMKP15.2.904.1

ABSTRACT

Tanny= Urban development has changed the characteristics of the land surface. These
manges have the potential to influence weather patterns at a local scale. Conseguently, with the rise in
temperature, urban areas face a significant challenge known as the urban heat island (UHI) effect. This
study aims to investigate the spatiotemporal changes in regional temperature and the UHI extent in
Tehran Province, Iran, using both meteorological and remote sensing data.

TETPE Daily temperature data from synoptic stations in Tehran (Shemiran, Chitgar, Mehrabad, Abali,
Firuzkuh, and Geophysics) from 1996 to 2020 were obtained from the Mational Meteorological Organiza-
tioh to examine the temperature change using the Mann-Kendall test. To measure the regional average
temperature based on MODIS images, the monthly land surface temperature (LST) data during 2014-
2024 were downloaded from NASAs website and calculated in ArcGIS Pro software. To prepare the UHI
map, profile, and extent, Landsat 8 sateflite images for 2024 were obtained from the USGS website and
the thermal profile was drawn for the Tehran districts (1, 5, 18, 22) based on the highest L5T. The Climate
Engine application was used to prepare the maps for the normalized difference vegetation index (MDV1)
and LST between 2013 and 2024,

(TS All stations” temperatures showed an increasing trend except for Chitgar. The hishest regional
temperatures were seen in Juby and Auvgust. In 2015, Varamin and Rey cties experienced the highest LST
in these months (52.5 °C), which increased to 5297 *Cin 2018, The study of the relationship between
the trend in MOV and LST showed a direct and inverse refationship. The examination of the UHI extent
showed that the heat sources were in the south, southeast, west, southwest, and northern regions of
Tehran. The air temperature and LST both showed similar and consistent change patterns inJune and Juby.
This study reveals that dimate change, caused by global warming, surnmer subtropical high-
pressure systetn, and air subsidence in Iran, as well 28 increased greenhouse gas emissions, land-use
changes, and vegetation loss, have significantly altered the spatictemporal patterns of temperature in

Aacle urban areas of Tehran. The findings of this research can be utilized in developing long-term plans for
Received: 31 Nov 2024 . adapting to dimate change in the field of urban crisis management.

Bcepted: 2 Mar 202 . [EIERE Climate Change, Greenhouse gases, Land surface temperature, Vizgetation index, MODIS,
fusisble Oriine- 01 Jul 2025 | Global wanming
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Extended Abstract

Imiroduction

oday, with the development of urban-

ization, cities have mfluenced the local

regional, and even global climate. One of

the key elements in climatology studies is

microclimate, since the effects of small lo-

cal climates cavse global climate changes. These changes

have significantly contributed to the increase in the av-

erage global ternperature. Vegetation loss, changes in

land use, migration from rural to urban areas (population

growth), agriculture, deforestation, and most importantly,

the increaze in gresnhouse gases and the heat dissspated

by human activities have caused urban warming and in-

tensified the heat island effect in cities. This study aims to

investigate the spatictemporal changes in regional tem-

perature and the extent of the urban heat island (UHI) in
Tehran Province, Iran.

Methods

To itrvestigate the temperature, the Mann-Kendall statis-
tical test and Landsat 8 satellite and MODIS images were
used. In the first step, the daily temperatsre of Tehran
synoptic stations (Shamiran Chitgar, Mehrabad, Abali
Firouzlioh, and Geophysics) from 1996 to 2020 were
obtained from the National Meteorological Organization.
Then, to investigate the trend of temperature change bazed
on a monthly time series over time, the Mann-Kendall test
was used. To measure the average regional temperature
based on the MODIS images (MODI11C3 product), 53
monthly time series images of land surface temperature
(LET Day CMG) were downloaded from the NASA's
website for the vears 2014-2024. Then, in order to prepare
the map and profile of the UHI, Landsat 8 satellite images
(band 10} were obtained for a period of one year (2024).
After determining the maximum land surface temperature
(L3T) in Tehran_ the temperature profiles of four districts
(no. 1, 18, 9, 22) from among 22 different districts were
drawn. Finally, using the Climate Engine software, the
normalized difference vegetation index (NDVT) and LET
changes were ittvestigated.

Results

Temperature tume series analysis of selected stations
(Shimiran, Chitzar, Mehrabad, Abali, Firouzkoh, and
Geophyaics) for 1996-2020 showed an increazing trend
in all stations except for Chitzar station. Examining the
average regional temperature of cities in Tehran Prov-
mce for the years 2014-2024 baszed on the MODIS data

r’ Disaster Prevention and
‘ Management Knowledge

showed the highest regional temperature in July and Au-
gust. In these months of 2015, Varamin and Rey cities
experienced the highest LST (52 50 'C). Three years later
in theze months of 2018, this figure reached 5297 'C. In
2022 and 2023, in the same months, Varamin, Mallard,
Bey, Pakdasht and Pishva cities experienced a tempera-
ture of 48 'C.

Expansion of construction, vegetation loss, and con-
sumption of fossil fuels were the factors involved in in-
creasing the LST. Investigating the relationship between
the trend in NDVI and LST based on Landsat 8 images
between 2013 and 2024 showed that they had a direct
and imverse relationship with each other, such that in
Tune, July, and August of 2017, 2019, and 2024, it was
obzerved that with a slight increase i NDVI, the LET
reached 5121 'C. This was more evident in the western.
northern, and scuthwestern regions. Moreover, on Oc-
tober 28, 2020, the NDVI was -0.0, while in December
and November of 2018, 2023, and 2021, it reached -0.03,
-0.03, and -0.04, respectively. Thus, the slight increaze in
vegetation cover has not been able to justify the increaze
i tetaperature in the summer and autumn zeasons. Inves-
tigating the expansion of UHI bazed on Landzat 8 images
in 2024 showed that the most heat sources were in the
south, southeast, west, north, southwest, and northern ar-
eas of Tehran, tut the LST in June 2024 reached 32 °C,
which was more evident in districts 9 and 22. Although
air temperature and LST showed different values in the
districts of Tehran, they had similar patterns of changes
i June and July.

Conclusion

This sdy reveals that climate change, caused by global
wanmning, summer subtropical high-pressure system and
air subsidence in Iran as well as increased greenhouse
gas emissions, land-use changes, and vegetation loss,
have significantly altered the spatioternporal patterns of
temperature in urban areas of Tebran The findings of this
rezearch can be utlized in developing long-term plans
for adapting to climate change in the field of urban crisis
management.
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ABSTRACT

Backs Eniy= Iran is prone to various natural disasters including floods. The location of zones
at rlsks of floods is necessary for making optimal decisions for its management. This study aims to locate
the zones with flood risk in the Lavasanat watershed using the fuzzy logic model.

[FENEE In this research, the most important factors affecting floods, including precipitation, slope, land
use, distance from waterways, elevation, and lithology, were considered for flood risk 2oning. These data
were classified and weighted based on the opinions of 30 experts in the fields of geography, natural
resources, and civil engineering. A gquestionnaire was prepared and distributed among them, and they
were asked to weigh each factor between 0 and 1. Then, based on the fuzzy logic model, flood zoning
maps were prepared in the ArcGIS software. To eliminate the limitations of fuzzy multiplication and sum
models, a fuzzy gamma operator of 0.9 was used for flood risk zoning. In the final prepared maps, the
study area was divided into five 2ones in tenms of flood risk: Very high risk, high risk, moderate risk, low

risk, and no risk {safie).
© [ The results showed that the very high-risk zone covered 11.8% of the area, the high-risk zone
Artide Info: ¢ covered 11.3%, the moderate-risk zone covered 26.7%, the low-risk zone covered 30.2%, and the no-risk
Received: 24 Nov 2024 . Zone covered 20%.

T More than 23% of the region is in zones at high and very high risk of floods. These 2ones are
mainly located around the main waterway. In urban and rural planning and construction in the study
area, the reqguirements for flood prevention and risk mitigation, including the consideration of flood
retention and storage areas, should be taken into account.

[PEPILE Flood, Risk zoning, Fuzzy logic, Watershed

Arcepted: 12 May 2025
fumilable Drfines 01 Jul 2075

B s e i e bk B e e e R b B £ R R 18 35 T A E A P P4 AT P P A AR A R A P A TS A A P A AT A P 3 AP B LA D BrP B B B r BB B ie B b B P AR LR 6 FRRF e it e Pl e f T B EaF s b R A pan F i F
* Correspomding Author:

Sayad Asghari Sareskanroud, Professor.

Address: Degartrnent of Natural Gecgraphy / Geomarphology Orierntation, Faculty of Social Sclences, University of Mohagheagh Ardabill, Ardabdl, Iran.

Tel: +88 (910) 4020251

E-mail: =.asghar@uma.ac.ir

Clepright © 2005 The Amskor(s

Thxnopmmmmhﬂmﬁmdmﬁhmiﬁ&mmﬂmtﬂﬂmmmﬁphﬁhp ersathecommens org Boarsss - 4. (Flegalcods ax),
wiknich permits e, disik and reprodnction in amy psdm, provided the original work & properhy cited and is not nsed for commercial prorpeses.




Surmmmear 2026 Vol 16 loous 2

145

Extended Abstract

Imiroduction

lood iz a natural disaster with severe nega-

tive impacts, especially on urban and pers-

urban areas. The consequences of flood

range from loss of life and property to dis-

rupticn of essential services and infrastruc-
ture. Developing countries are particularly vulnerable to
theze disasters due to factors such as rapid population
for dizaster preparedness and disaster response. Various
methods are uzed to mitigate the flood risks, ranging from
geological and sedimentological approaches to climate
change analyses. Among these methods, seomorphologi-
cal techniques offer a comprehensive approach by inte-
grating endogencus (internal processes of the Earth) and
exogenous (extermnal processes of the Earth) agents. By
considering the interaction between geological features,
surface processes, and climate factors, geomorphological
methods provide comprehensive insights into risk zona-
tion and facilitate the development of effective hazard
mitization measures and solutions. The purpose of this
study is to locate the zones at nisk of floods in the Lava-
sanat watershed located in Shemiranat County, Tehran
Province, Iran. Due to its proximity to Tehran and having
a rustic nature, Lavasanat has high economic value; thuos,
iz always exposed to encroachments and illegal construc-
tions. The occurrence of floods can have adverse effects
on itz watershed area and canse high sediment loads.

Methods

In this research. the flood nsk zoning in the study area
was carried out based on the fuzzy logic model. The lay-
ers of slope, precipitation. distance from the waterway,
land use, elevation and lithology were used to zone the
flood risk. All layers were first classified. To implement
the fuzzy logic model it iz necessary to first weight the
layers based on the membership fisnetion. Each layer was
thus weighted and converted info raster layers, and the
layers were fiuzzy in the value range of zero to one. The
weighting was done based on the opinicns of 30 experts,
who were asked to complete a desipned questionnaire
and score each factor from 0 to 1. The precipitation fac-
tor was weighted by considering four categories, while
distatice from the waterway, slope, land use, and elevation
had five categories, and lithology had 10 categories. After
weighting the layers, we caleulated them using the firzy
sum model which complements the algebraic multiplica-
tion maodel. In the cutput map based on this model. the
pixel values tend towards 1 (higher membership value).

r’ Disaster Prevention and
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Az aresult, more pixels are placed in the “very high risk”™
clasz. Then, the layers were fuzzified using the fuzzy mul-
tiplication model. In this model, all information layers are
multiplied together. This model cauzes the numbers in the
output map to become smaller and tend towards 0 (lower
membership value); as a result, fewer pixels are placed
the “very safe” class.

Results

Bazed on the results, the safe zone had an area of 3430
hectares, covering 20% of the area. This zone was mainky
located away from waterways and was consistent with
the steep and high-altitude areas. The area of the low-risk
zone was 4874 hectares. Like the zafe zone, thiz zone
was located away from waterways and mainly covered
the resion’s central areas. which have the largest area in
the region The area of the moderate-risk zone was 4276
hectares. The high-risk zone had an area of 2056 hectares,
which were mainly located around waterways on low
slopes and in areas with low vegetation cover. The very
high rizk zone had an area of 1980 hectares, which was
located around watervrays on low-slope areas, similar to
the high-risk zone.

Conclusion

More than 23% of the region is in zones at high and
very high risk of floods, which are mainly located around
the main waterway. In urban and rural planning, devel-
opment, and construction, the requirements for flood
prevention and risk reduction, including the provision of
retention and storage areas, should be considered.
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ABSTRACT

Gl TR n = [N scientific texts on crisis management in Iran, crisis mostly refiers to natural
disasters and kess attention has been made to man-made disasters. In this article, by emphasizing thres
prediction, prevention, and preparation phase of crisis management, we zim to identify the driving factors
and the consequences of mainstream media’s effective activiam in managing socio-political crises in lran.
[FENEE This is a gualitative study. The participants were 15 media policymakers, experts in the field
of crisis management, and politicians in the field of socio-political affairs in Iran, who were selected by
purposive and sniowball sampling methods and semi-structured interviews continued until reaching untl
reaching theoretical saturation. The data analysis method was the thematic content analysis.

[(ETE From a total of 250initial codes, 159 basic themes, 26 arganizing thernes, and 8 global themes were
obtained. Based on the findings, the role of the media in socio-political crisis management before, during,
and after the crisis included supporting public opinion, raising awareness, holding responsible institutions
accountable, informing, and having strategic function. The factors driving effective media activism in
predicting socdio-political orises included infrastructure drivers, functional capability, human resources,
professional standards, and social capital. The consequences of effective media activism in predicting
socio-political crises were: Social, political, and media’s social responsibility-related consequences. The
factors driving effective media activism in preventing socic-political crises were divided into the drivers
related to the public and the drivers related to the government/crisis managers. The consequences
of effective media activiem in preventing socio-political crises were divided into macro and micro
consequences. The factors driving effective media activism in preparing for sodo-political crises included
process-related, content-related, and contextual drivers. The consequenoes of effective media activism
in preparing for socio-political crises were categorized into three areas: Educational, psychological, and
functional outcormes.

T Eny The mainstream media in Iran can have effective activism in predicting, preventing, and
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Extended Abstract

Introduction

1 the current era, man-made dizsasters have in-

creased. In Iran, the crisis management litera-

ture 1z mostly related to natural disasters such

that, based on the national media management

of crisis act (approved in 2022), the definition
of crisis is limited to natural disasters. This 1s while, the
effects of socio-political crises are more widespread
than natural crises, and their extent, diversity, and com-
plexity are beyond those of natural crises. In this article,
ingpired by the cyclical model of crizsis management and
using the three anticipatory, preventive, and preparatory
approaches, we aim to identify the driving factors and
the consequences of mainstream media’s effective activ-
istn in managing socio-political crizes in Iran.

Methods

This iz a qualitative study based on an interpretive para-
policymaleers, professors in the field of crisis communica-
tion and media, expests in the field of crisis manapement
and politicizns with sufficient Imowledge and experience in
Iran The purposive and snowball sampline methods were
used. The imterview method was used to collect data We
reached theoretical samimtion after 15 mteriews. The the-
matic analysis method was used to analyze the gqualitative
data obtztned from the interviews. To determine the validity
and reliability of the data, four eriteria, including credibility,
dependability, confirmabitity, and transferability, were used.

Resulis

After each interview, initial analysis and coding were
carried out, which resulted in 139 basic themes, 26 or-
ganizing themes, and § global themes. Based on the
findings, the global theme “the role of the media in
socio-political crizes™ in the three phazes before, during
and after the crisiz inchided the following organizing
themes: Supporting public opinion, raising awareness,
questioning the responsible institutions, informing, and
having a strategic function.

The factors driving effective media activism in pre-
dicting socic-political crises included mfrastructore
drivers, functional capability, human resources, profes-
sional standards, and social capital The consequences
of effective media activism in predicting socio-political
crizes were: Social, political, and media’s social respon-
gibility-related consequences.
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The factors driving effective media activism in prevent-
ing zocio-political crizes were divided into the drivers re-
lated to public and the drivers related to the government/
crisiz tanagers. The consequences of effective media
activism in preventing socio-political erises were divided
into macro and micro conseguences.

The factors drving effective media activism in prepar-
ing for socio-political crises mcluded process-related.
content-related, and comtextual drivers. The consequenc-
es of effective media activism in preparing for socio-polit-
ical crizes were categorized into three areas: Educational,
psychological, and finmctional cutcomes.

Conclusion

In this study, the role of media activism in socio-political
crizes was assessed in three phases: Prediction preven-
tion, and preparation. It was determined that the media
in the pre-crisis phase can help break the cycle of crisis
by identifiring the causes and predicting crizes based on
accurate analyses of events. In this way, by playing an ef-
fective role before the crizes, they can avoid the excessive
financial and moral cogts caused by the erisiz. However,
if a socio-political crisiz occurs, the media in addifion
to reporting the crisis, can monitor the performance of
the government and responsible institutions, prevent the
spread of rumors and the creation of falze information
and develop a culture of dialogue. Thus, if the media is
effective in the crisis prediction phase, it will have im-
portant socio-political consequences such as discovering
the crisis, helping to reduce public harm, establishing sta-
bility and peace, encouraging humandtarian actions, eathy
infervention of stakeholders, media campaigning. holding
officials accountable and requiring their activity in crisis
management, influencing the governmental decisions,
as well as exposing hidden agendas, cormuption, or neg-
ligence, and creating public trust in the media, which is
related to the social responsibility of the media. However,
since the media cannot act alone in the event of socio-
political crizes, it should cooperate with people and the
authorities to prepare them for the crisis, equip them, and
provide them with a timely and appropriate response, and
alsc to seek public participation in solving the crises to
prevent the crisis from spreading.
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ABSTRACT

Matural and human-made disasters have long-term, negative, and sometimes
irreparable impacts and consequences. Proper response to these disasters reguires effective management
of relief services. Influential parties in such operations indude humanitarian organizations, donors,
and the governiment. One of the solutions to increase performance in emergency and humanitarian
supply chains is to utilize the capacities of non-governimental organizations (NGOs). This study aims to
presant a collaborative model based on game theory that examines the cooperation between donors,
humanitarian organizations, the government, and NGOs.

TP The collzborative model is designed based an the problem of maximum coverage of damaged
areas caused by a natural disaster. By considering the number and diversity of players, it tabes into account
the extent of the disaster and the number of affected areas in refief assistance. It also considers the guality
of relief services and the competence of NGOs. This can allow for a default order to pricritize gualified
NGOs with the required capacities in the ewent of a disaster. The developed model was solved using a
hypothetical numerical example and GAMS software, and underwent a sensitivity analysis.

[T The results obtained from the madel provide valuable insights into the optimal actions of each
player in the humanitarian supply chain during a disaster. This model takes into account the capacities
and capabilities of each player, as well as the quality of services provided by the private sector, allowing
for more efficient allocation of resources and ensuring maximum coverage of affected areas. The model
also considers qualitative assessments conducted in the pre-disaster period and allows for prioritization of
gualified NGOs during a disaster. This can significantly improve the effectiveness of disaster management
efforts.

The collashorative model is designed based on the problem of masimum coverage of
damaged areas caused by a natural disaster By considering the number and diversity of players, it takes

Article info into account the extent of the disaster and the numbser of affected areas in relief assistance. This can
Received: 20 Sop 2024 5 significantly improve the effectiveness of disaster management efforts. It also considers the quality of
Acceptad: 05 Apr 2035 © relief services and the competence of NGOs.
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Extended Abstract

Imiroduction

atural and human-made dizasters have long-

term negative, and sometimes ireparable

impacts and consequences. Proper response

to these disasters requires effective managze-

ment of relief services. One way to achieve
One of the determining factors in the quality and optimal
performance of a umanitarian supply chain is the effective
and timely cooperation and action of the parties irmvohed
it thiz chain Influential parties in such operations inchude
humanitarian organizations, donors, and the govemment
Guovernments help disaster victims either by providing poods
directly. or by entrusting various types of aid, both in goods
and financial, to humanitarian orgamizations. On the other
hand, humanitanian organizations, due to their scope of ac-
tivity, are the recipients of donors” assistance and should eamn
and maintain the trost of these supporters by proper and ef-
fective perfonmance. Th order to build and maintain this tnsst
efforts to prepare and plan for potential disasters become
increasinghy important One of the solutions to increase per-
formance tn emergency and humanitarian supply chains is
to wtilize the capacities of non-governmental organizations
(NGOs). One of the fimdsmental research gaps 13 the exis-
tence of a model that considers the sinmltaneous cooperation
of donors, humanitarian organizations, the govermment, and
the private sector. Therefore, this study aims o present a col-
laborative model based on game theory that examines the
the government and NGOs.

Methods

The collaborative model is designed based on the prob-
lem of maximum coverage of damaged areas caused by a
natural dizaster. By considering the number and diversity
of players, it takes into account the extent of the dizaster
and the nunber of affected areas in relief assistance It
also considers the quality of relief services and the com-
petence of NGOs. This can allow for a default order to
prioritize qualified NGOz with the required capacities in
the event of a disaster The developed model was solved
using a hypothetical numerical example and GAMS soft-
ware, version 24.1 2 and underwent a sensitivity analysis.

Results
The rezults obtained from the model provide valuable

inzights imto the optimal actions of each player in the
hnmanitarian supply chain during a disaster Thiz model

r’ Disaster Prevention and
‘ Management Knowledge

takes into account the capacities and capabilities of each
player, as well as the quality of services provided by the
private zector, allowing for more efficient allocation of
rezources and ensusing mawimum coverage of affected
areas. The model also considers qualitative assesaments
conducted in the pre-disaster period and allows for pni-
orttization of qualified NGOs during a disaster This can
significantly improve the effectiveness of disaster man-
agement efforts.

Conclusion

The results of this research show that the collabora-
tion of parties involved in humanitarian supply chain can
speed up and facilitate coverage of damaged areas duning
dizasters. Involving players with different capacities leads
to the utilization of existing capacifies and facilitating as-
sistance from the private sector. This research can be used
as a basis for improving disaster management processes
and increasing the efficiency of relief efforts in critical sit-
uations. To increaze preparedness to deal with a disaster, it
iz recommended that an advertizement inviting interested
NGOz be published to daclare their readiness to assist in
the event of a dizaster in exchange for benefits such as
tax exemptions from the government Imternational asd
organizations, due to having the required capacities, can
conduct a technical assessment of the volunteer NGOs
and prepare a list of them. It is itnportant to note that n-
ternational organizations have a list of service/product
vendors that they have worked with over time. Therefore,
if private companies are on this list, they can be added
to the list of candidates bazed on their previous perfor-
mance evaluations. Companies that have a transportation
and storage unit and are willing to provide assistance in
the event of a disaster can also announce their readiness
and participate in technical assessments. Then, their status
and capacity should be updated periodically, for example
annually, to take mto account issues such as unit growth
ot the end of the compary’s activities. Despite the diffi-
culties and time-consuming nature of this process, based
on the resultz of this research, it 15 worth the investment
of time and money.
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ABSTRACT

e e e The location-routing problem (LRP) during disasters is a fundamental challenge
in managing relief efforts to the affectad areas. One of the most significant limitations in this context is
the effective coverage of relief bases and the ability to provide timely aid to the affected area_ In this
study, a two-echelon model for LRP is developed, where each relief base can only provide services within
a designed coverage radius. The goal is to determine the optimal locations for relief bases and routing
refief teams to minimize relief time and cost at both levels.

[FETEY We combined the covering tour problem (CTF) with the two-echelon LRP to propose a model
named “Dwo-echelon relief covering tour location routing problem” (2E-RCTLRP). To solve the LRP ina
large scale, a metaheuristic genetic algorithm [(GA) was developed and utilized. To walidate the proposed
model], five small-scale problems were sobved, and the solutions obtained from the proposed GA were
compared with the exact solutions obtained from GAMS software. Alsp, a sensitivity analysis of the CTP
was conducted to determine the necessary conditions for wsing the CTP and two-echelon methods for
relief problems.

TS The developed GA was efficient and comnverged to the optimal solution. The sensitivity anahysis re-
sults showed that two-echelon methods provide significanthy better results than single-echelon methods.
Additionally, the comparison of the solution for the nor-synchronization of tours at two levels and the
proposed model demonstrated the necessity of using the proposed model.

Al g . [N The proposed model is an effective method to improve relief operations and strengthen crisis
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Extended Abstract

Imiroduction

uring natiral disasters such as earthquakes,

floods, and storms, or man-made disasters

such as explosions and fires, rapid and ef-

ficient response from relief forces is neces-

sary to save human lives and minimize the
damage caused by the disaster. One of the most important
limitations crisis managers face is the need to effectively
cover relief bazes and ensure timely and efficient aid to
affected areazs. To enhance the efficiency of search and
fescue operations and optimize rescurce management
determining the appropriate location for relief bases and
the correct and optimal routing of relief teams 15 particn-
larly important. The location-routing problem (LEP) dur-
ing disasters is thus a fundamental and highly significant
challenge for relief management in the affected areas.
Furthermore, risk analysis and the assessment of potential
threats in different areas have been conzidered as an #n-
portant part of the decision-malting process for locating.
Addressing this issue can play a erocial role in improving
crisis management and increasing the efficiency of relief
systems in emergencies.

To respond to the complexities of the LEP and the
possibility of solving it on a large scale, the use of math-
ematical algorithims is not encugh, and there is a need
to utilize metaheuristic methods. In this study, an in-
novative two-echelon model for the LEP is developed,
which specifically considers the spatial coverage con-
gtraint; i.e eachreliefbaze is allowed to provide services
within a designated service radins only. The main goal
of this study i1z to determine the optimal locations for
relief bases and simultanecusly design suitable routes
for relief teams so that it can significantly reduce the
total time of relief operations and the related costs. The
proposed model also considered the risk analysis and
the aszessment of potential threats in different areaz In
thiz rezearch an advanced genetic algorithm (GA) iz
developed to provide appropriate and efficient solutions
for the two-echelon LEP. Inspired by natural evolotion
and natural selection processes, this algorithm gradu-
ally finds optimal or near-optimal solutions by utilizing
operations such as selection, crossover, and mutation.

Methods

We combined the covering tour problem (CTP) with
the two-echelon LEP to propose a model named “twro-
echelon relief covering tour location routing problem™
(2E-ECTLEP). To evaluate the accuracy and efficiency

r’ Disaster Prevention and
‘ Management Knowledge

of the proposed model and the developed algorithm, five
small-zcale sample problems were mitially designed, and
the optimal solutions to them were obtained vzing GAMS
software, version 24.1.3 which has the capability to solve
exact optimization problems. The resnlts obtained from
the GA were then compared with the exact GAMS re-
sults to evaluate the alzonthm’s efficiency, accuracy, and
convergence rate. The proposed algorithm iz designed to
allow control over various parameters such as population
size, mutation rate, and crossover rate, thereby providing
the necessary flexibility to adapt to the different charac-
teriztics of the problem. Sensitivity analysiz was also per-
formed on various model variables, which were examined
i terms of the CTPE. The risl: analyzis was also conducted
to identify the locations with higher levels of threat

Results

The results obtained from the implementation of the
developed GA demonstrated the very high efficiency of
this method in achieving near-optimal solutions, even
similar to the exact solubons obtained from GAMS.
These findings indicated the rapid comvergence of this
alzorithm and its ability to manage large problem di-
mensions. The results of the sensitivity anabysis showed
that in many cases, the use of two-echelon models led
to significantly better results compared to single-level
models. In two-echelon models, it is possible to model
the decision-making structure more accurately, consider
real operational constraints, and better account for spatial
and temporal complexities, which iz of great smportance
i emergencies. Furthermore, comparing the solution for
the non-synchronization of tours at two levels with the
proposed model showed that the proposed approach not
only improved the performance but also led to optimal
resource management and cost reduction. Based on the
risk analysis, the locations with higher threat levels were
identified, bazed on which appropriate planning for re-
source allocation and base deployment was carried out.
Thus, the proposed model comprehensively considers all
critical aspects of relief operations in a enisis and provides
effective operational solufions.

Conclusion

The proposed two-echelon model and the developed
GA can efficiently optimize the locating and routing of
relief teams during disasters. The proposed model can
provide better decisions for the deployment of relief bazes
by considering the real constraints of search and rescue
operations and incorporating risl and threat analyses
thereby accelerating and improving the relief process. Us-
ing metaheuristic methods in large problem dimensions
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enables the solution of more realistic and operational
problems, which can help strengthen crisis managemert
nfrastructure m the face of natural disasters. The results
of thiz research can zerve as a basiz for the development
of decizion support systems in the field of crisis manage-
ment. By improving the speed, accuracy, and efficiency
of decision-making the proposed model can significantly
contribute to saving lives and property in critical sifua-
tionis. Paying attention to two-level approaches in model-
ing relief problems, especially in combination with intel-
ligent optimization techniques, is a forward-looking and
effective solution for managing crizes. The application of
theze approaches can not only be effective in optitnizing
relief operations but also improve urban planning, en-
hance the resilience of areas to crises, and increase the
preparedness of relief organizations. Combining meta-
heuristic algorithms with machine leaming methods can
enhance the LEP model’s capacity to respond to multidi-
mensional crises and complex scenarios.
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3. Capacitated Facility Location Problem {CFLP)

10. Soft Time Windows
11. Mixed Integer Linear Programming (MILP)
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6. Multi Depot Vehicle Routing Problem
7. Multi Depot Covering Tour Vehicle Routing Problem
8. Mixed-Integer Programming {MIF]
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17. Iterated Local Search {ILS)
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12. Branch-and-Cut (BEC)

13. Adaptive Large Meighborhood Search

14. Two-Echelon Capacitated Location Routing Problem with a
Single Depot (2E-CLRPSD)

15. Greedy Randomized Adaptive Search Procedurs

15. Variable Meighborhood Descent
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22 \ariable Neighborhood Search [VNS)
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18. Multi-Objective Particle Swarm Optimization (MOPSQO)

19. Adzpted Mult-Objective Variable Meighborhood Search
[AMOVNS)

20. Two-Echelon Capacitated Location Routing Problem with
Hard Time Windows {2E-CLRPHTW)

21. Relief
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23 Covering Tour Problem (CTF)

24. Two-Echelon Location Routing Problem (2E-LRP)

25. Two-Echelon Relief Covering Tour Loation Rowting Problem
[2E-RCTLRP)}

23 Roulette Wheel
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ABSTRACT

sl G L R s The combined-cycle power plants are one of the important types of power
plants in the world with high eccupational accidents. To reduce the costs for occupational accidents and
reduce the lost days, finding the root causes of accidents in these industries is mecessary. This study aims
to assess the risk of hydrogen gas leakage from the chlorination unit of a combined-cyde power plant
with once-through cooling systerm using the Bow-tie risk assessment method.

(TP At first, the hydrogen gas leakage from the chlorination unit of 2 combined-cycle power
plant in lran was selected as the scenario for probabilistic risk assessment. For finding the causes and
conzsequences of the scenario, the bow-tie mathod was used.

(™M We identified 44 basic events, three safety barriers that prevent the occurrence of the desired
scenario (congestion, immediate ignition, and delayed ignition), and six conseguences including flash
fire, jet fire, fire ball, pool fire, explosion, and safe release of hwdrogen gas. The probability of hydrogen
leakage from the chlorination unit was 1.51=10%_ and the most likely consequence was "explosion;jet
fire/flash fire,” with a probability of 4.8%10%.

ey We identified the causes, safety barriers, and potential consequences of hydrogen gas
leakasge from the chlorination unit of a combined-cycle power plant. The malfunction of electrolyzers

Pt It ¢ s the maost significant cause and explosion/jet fire/flash fire is the most important consequence of
Received: 07 Dec 2024 © hydrogen leakage.
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Extended Abstract

Imiroduction

ombined-cycle power plants are one of the

most important and efficient types of power

plants worldwide, where exhanst gases from

and additional enerzy. However, the pres-
ence of chemicals such as chlorine and flanimable gases like
hydrogen mn various processes of these plants poses specific
risks. Chlornation units, which are used to prevent scaling
and microbial growth in cooling systems, are critical safety
points due to the production of ydrogen pas, which 1= highly
flammahle and explosnve. This study aims to identify and an-
alyze the risks of ydrogen gas lealmge from the chlonnation
unitof a combined-cycle power plant with once-through cool-
ing system in Iran using the bow-tie sk assessment method.
This method was selected due to its ability to simulate canzes
and conzequences of industrial accidents, especially in com-
plex processes like chlormation, where multiple factors in-
teract with each other It was used in this study to identify
root causes, analyze the probability of hazardous events, and
predict potential cutcomes.

Methods

Inn this research, the scenario of hrydrogen gas leakage from
the chlorination unit was first selected. To simulate and ana-
lyze the probable cause-effect relationships of this scenario,
the bow-tie technique was employed. This technique, wihich
combines fanlt tree anabysis (FTA) and event tree analysis
(ETA), provides a graphical representation of canses and
consequences of incidents. Initially, the canses and inferme-
diate events leading to hydrogen leslage were identified,
and then effective safety barriers to prevent the incident were
simulated. Finally, the potential consequences of the scenanic
were examined.

Resulis

The results showed that hydrogen leakage from the chlo-
rination unit ocours due to failures in three mam systemas:
The chlorine storage tank: rectifier, and electrolyzers. A total
of 44 root causes and 20 intermediate causes were identi-
fied that could lead to hydrogen leakage. Also, three effec-
tive safety barriers were identified: Congestion, immediate
ignition, and delayed ignition. These safety bamers play a
crucial role in preventing the leakage, and their success or
failure can lead to different consequences such as flash fires,
jet fires, pool fire, fire ball, explosion, or safe release of hy-
drogen gas. Quantitative analysis of this scenario indicated
that the probability of hydrogen leakage from the chlonna-

r’ Disaster Prevention and
‘ Management Knowledge

tion unit was 1.31:10"%, and the most likely consequence,
“explosion/flazh firefet firs.” was identified with a probabil-
ity of 4. 39=10H%.

Conclusion

The analysis using the Bow-tie method showed that the
probability of hydrogen lealage from the chlonnation unit
increases significantly if safety systems fail Furthermore,
sinee the failure of electrolyzers was identified as the prima—
1y canse of this ncident, it seems that this part of the system
requires preater attention and improvements in safety and
monitoring. Strencthening safety barmiers can significantly
reduce the nisks associated with hydrogen gas leakage. The
findings also indicate that the likelihood of consequenc-
es such as explosions and flash fires 13 very high if safiety
barriers do not function correctly. Therefore. measures to
strengthen these bamiers and reduce the likelihood of inci-
dents are essential

This study demenstrates that the bow-tie technique can be
an effective tool for analyzing and assessing risks in com-
plex systems such as the chlorination unit of combined-cycle
power plants. The model iz particularky useful in cazes where
factors such as sensitive equipment and envirommental haz-
ards interact with each other. This research can help power
plants and sinilar industries and be a basis for firture studies
in industrial accident risk manasement of power plants.
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ABSTRACT

el e T e iR ame = The present study aims to analyze the status of physical and infrastructural
resilience to fire accidents in District 20 of Tehran, Iran based on the geographic information system.
[TETPY First, the criteria to evaluate the physical and infrastructural resilience were collected. Then,
ressarcher-made guestionhaires were completed by 15 experts from fire departrments in Tehran, to rate
the importance of these criteria. The weight of these factors was calculated using the Expert Choice 11
software. By layering the criteria using the weishts obtained from the analytical hierarchical process [AHP)
in ArcGlS software, wersion 10,6 and overlaying the layers, the final resilience map of District 20 was pre-
pared.
[T There were three main criteria, seven sub-criteria, and 21 indicators to evaluate the resilience.
Based on the software cutput, the main criteria were prioritized as infrastructure resilience with a weight
of 0.731, physical resilience with 2 weight of 0,188, and emvironmental resilience with a weight of 0.081.
Based on the zoning map of resilience in the context of health, safety, and environment, it was found that
3.3% of the area (729,718 m®) had low resilience, 35.38% (7,802,578 m®) moderate resilience, 29.54%
e e (6,513,646 m?) high resilience, 30.1% (5,639,824 m?) very high resilience, and 1.65% (364,196 m?) ex
Received: 29 Dec 2024 tremely high resilience.
Accepted: 15 Mar 2020 Arcording to the results, the District 20 of Tehran has appropriate physical and infrastructural
Fomilable Ordines 01 ful 2005 resilience to fire and accidents.
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Extended Abstract

Imiroduction

he communication networlk plays an tm-

portant role in the cities® resilience against

natural disasters such as earthquakes and

fire accidents. If this network has appropri-

ate resilience and does not fail it can play

an itnportant role in reducing casualties from accidents.

Access routes as a commumication network of the city

are very important for rescue forces to reach the accident

scene in the shortest possible time and continue opera-

tional measures. Various accidents and events have oec-

curred in the Tehran metropoliz, Tran The present study

aims to investigate the current and ideal state of physi-

cal and mfrastructural resilience of District 20 of Tehran

based on the geopraphic mnformation system (GIS) in or-

der to help the Telwan Fire Department during crises and
natural disasters.

Materials and Methods

First, three criteria, seven sub-criteria, and 21 indicators
were collected to evaluate the physical and infrastructural
resilience of the fire stations. Considering that some cri-
teria and sub-criteria are preferable to other criteria and
play a significant role in the infrastruoctural and physical
resilience, 15 researcher-made questionnaires were com-
pleted by experts from fire departments in Tehran. They
were asled to rate the importance of the criteria from 1 to
9. The weight of these ecriteria was calculated using the
Expert Choice 11 software. The inconsistency ratio for
judzment consistency was less than 0.1, By layenng the
criteria using the weights obtained from the analytical hi-
erarchical process (AHP) method in the AreGIS software,
version 10.6 and overlaying the layers, the final resilience

map of District 20 was prepared.
Results

The first examined criterion was the infrastmichore re-
silience, which had three sub-criteria_ including: Fire sta-
tions (mumber and area of fire stations, number of vehicles
and equipment, population density, number of personnel
aunber of ydrants), vital arteries (roads, power transmis-
sion, and gas lines), and relief and military centers (health
centers, military centers). The second criterion was physi-
cal resilience, which had two sub-criteria of cccupations
(low-risk places, high-risk places, moderate-rizk places)
and urban fabric (worn fabric, historical buildings, bridg-
ez). The third criterion was environmental resilience with
the sub-criteria of geographical features (slope, fanlts. and

r’ Disaster Prevention and
‘ Management Knowledge

canals) and environmental sustamability (green space of
public and private roads).

Bazed on the AHP results and the output of Expert
Choice 11 software. the mfrastmicture resilience was the
first priority (weight=0.731), followed by the physical
resilience (weight=0.128) and environmental resilience
(weight=0081). Based on the zoning map of resilience
in the context of health safety, and environment it was
found that 3.3% of the area (729,718 m?) had low re-
silience, 3338% (7802378 m") moderate resilience,
20.54% (6,513,646 m®) high resilience, 30.1% (6,639,824
m?) very high resilience, and 1.65% (364,196 m%) ex-
tremely high resilience. The results of analyzing the
finetional radms of seven fire stations showed that fire
stations (fire, rescue, and support) in old neighborhoods
with narrow passages (region 1 and the southem part of
region 4) face accessibility challenses which should be
considered in order to make the area resilient to fires and
accidents.

Conclusion

According to the results, the District 20 of Tehran has
appropriate physical and infrastructural resilience to fire
and accidents.
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Aims and Scope:

Promotion and expansion of disaster management knowledge in the specialized fields of risk
prevention, preparedness, response, and recovery;

Promotion and expansion of passive defense knowledge
Promotion and expansion of Health, Safety and Environment (HSE) knowledge;

Publishing the latest research results and creating an environment for constructive criticism and
exchange of ideas;

Establishing cooperation and scientific interaction between scholars at the national and international
levels;

Creating a suitable platform for identifying and providing selutions related to crisis management
issues at local, regional, national, and international levels;

Transferring knowledge and innovations in disaster management with an emphasis on the role of
urban management;

Helping to create a scientific communication network between scholars, policymakers, and disaster
management planners of the country;

Creating a suitable platform to use the experiences of other countries for localizing the international
experiences of crisis management.

Topics include but are not limited to:

1. Safety and rick prevention and reduction
1.1. Risk prevention

1.2. Safety

1.3. Risk reduction planning

2. Risk assessment

2.1. Risk identification

2.2. Risk assessment

3. Preparation and planning

3.1. incident comrmand system

3.2. planning response in emergency situations




3.3. operational plan in emergency situations

3.4. Bvacuation and emergency accommaodation

3.5. Help and rescue

4. Reconstruction and rehabilitation in disaster

4.1. Demaolition and debris management

4.2. Restoration of infrastructure, transportation system, housing system, environment
4.3. Physical, psychological, social, and economic rehabilitation

4.4, Peoplewith special needs in crisis (elderly, children, women, people with disabilities, special patients,
ete.)

5. Natural and man-made hazards

5.1. Ground-related hazards (earthquake and landslide, subsidence and collapse of the ground, voleane,
ete.)

5.2. Meteorological hazards (climate changes, flood, soil erasion, desertification, fires, drought, storms,
ete.)

5.3. Chemical hazards (environmental pollution, industrial buildings’ fire, chemical waste, etc.)

5.4. Transportation hazards (road accidents, railway accidents, airway accidents, subway accidents,
crowd crushes, etc.)

5.5. Biological hazards (epidemics, biological threats, etc.)
6. Future studies of the disaster

6.1. Quantitative and qualitative analyses of trends

6.2. Identification of future risks and hazards

6.3. Designing the desired, possible and probable future
6.4. Politicizing and planning changes for the desired future
7. Disaster knowledge management

7.1. Documentation

7.2. Lessons Learned Register

7.3. Root cause analysis of accidents




B. Intelligence and new technologies

8.1. Knowledge-based achievernents

8.2. Technologies based on data analysis

8.3. Information systems management

9. Sacial and cultural

9.1. Local communities and community-based participation in disaster management
9.2. 5ocial responsibility (individual, corporate and organizational) in disaster management
9.3. Social capital and disaster

9.4. Disaster culture

9.5. Empowerment, safety training, and disaster management

10. Economy of disaster and insurance

11. Laws, regulations, standards and legal requirements of disaster management
12. Information and media in disaster management

13. Passive defense

14. Health, Safety and Environment (HSE)
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