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United Nations Educational, Scientific and Cuftural Organization

certifies the inscription of

A Collection of Documents and Images of Karbala
Karbala Center for Studies and Researcll
Institution

Karbala Iraq
City Country

On
The Memory of the World Regional Register
For Asia/Pacific

Communication and
MOWCAP
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Convention for the Safeguarding
of the Intangible Cultural Heritage

Unted Natons 3
Socatonal, Soewicand 1 Cuitunal
CQunral Opanatir * Hertage

The Intergovernmental Committee for the Safeguarding of the Intangible Cultural Heritage
has inscribed

&) -
orveision of services and /mg/)c'/a//{y (/////('11/7 the

L%Za& Cre viésitaliorn

on the Representative List of the Intangible Cultural Heritage of Humanity
upon the proposal of Iraq

Inscription on this List contributes to ensuring better visibility of intangible cultural heritage
and of its signif and to ging dial that resp cultural dit

Date of inscription Director-General of UNESCO

12 Ofevember 2079
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The Role of Media in Covering the Arabian Pilgrimage and Its
Impact on Awareness and Social Attitudes

Prof.Muntaha Abdel-Zahra
University of Mustansiriya / College of Education
Asst. Prof. Dr. Bakr Abdul-Majeed Mohammed
College of Arts — Samarra University
Asst. Lect. Safa’a Abdulhussein
Ministry of Education

The Role of Media in Covering the Arabian Pilgrimage and Its Impact
on Awareness and Social Attitudes Media in all its forms plays a significant
role in shaping public awareness¢ both at the individual and societal levels.
Whether the message conveyed is positive or negative media remains a
double-edged sword: it can either contribute to reinforcing sound values
and practices or serve as a destructive force against them. Therefore«
those responsible for managing media in the Arab and Islamic world bear
a considerable responsibility in selecting the content presented across
various platforms« including radio« television¢ and others

When the concept of Husseini media is introduced¢ what often comes
to mind is the intense media activity aimed at commemorating the tragedy
of Karbala and the immense oppression endured by Imam Hussein (peace
be upon him) and his family¢« along with the subsequent grave events.
This commemoration often emphasizes the emotional dimension of the
tragedy¢ aiming to stir human emotions and awaken the conscience of the
audience« thereby naturally aligning their awareness with the oppressed
and condemning the oppressor. While this is undoubtedly a crucial and
impactful aspect: it does not encompass the entirety of the Husseini cause

The deep conviction among a wide audience of believers that the
revolution of Imam Hussein (peace be upon him) was not driven by
personal ambitions or political struggles for power« but rather by a purely
reformist mission to revive divine values and confront deviation¢ grants
Husseini media a broader horizon. It moves beyond emotional appeal to
the construction of conscious awareness.



In this context¢ media outlets—particularly during the Arabian
pilgrimage—play a pivotal role in documenting the event and amplifying its
social and intellectual impact. This is achieved by broadcasting the scenes of
the millions marching toward Karbala and highlighting the manifestations
of sacrifice« solidarity¢ and the voluntary services offered by people« all of
which reflect the profound sense of belonging to this just cause.

Media efforts to commemorate the tragic memory take various formss
including the dissemination of visual¢ audio¢« and written content that
stirs emotions¢ stimulates thought< and reinforces the performance of
Husseini rituals¢ given their significant role in shaping religious identity
and maintaining connection with the principles for which Imam Hussein
(peace be upon him) sacrificed. Thus¢ Husseini media is not limited
to evoking tears or emotions—it also serves as a tool for education¢
awareness¢ and the development of social and ethical stances that reject
injustice and support the truth.

The current study aimed to explore the role of media in covering the
Arabian pilgrimage and its impact on awareness and social attitudes. It also
sought to determine whether there are statistically significant differences
in these perceptions based on gender among Arabian pilgrims.

The research focused on a sample of )100 Arabian pilgrims of Imam
Hussein (peace be upon him) for the academic year (2024-2025). The
researchers defined a set of key terms related to the theoretical framework
of the study and carried out several methodological steps¢ including a
description of the research population and the selection of a sample of (100)
participants. A research tool was developed and validated for reliability
and consistency. The study resulted in a set of findings that were presented¢
analyzed¢ and interpreted« ultimately leading to a number of conclusions¢
as well as recommendations and suggestions relevant to the topic.

:Role of Media« Coverage of the Arabian Pilgrimage« Awarenesss
Social Attitudes.
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Ziyarat Arbaeen and Community Security

Dr. Amal Mohammed Hassan Jasem Al-Asadi
University of Baghdad — College of Arts

This research highlights the impact of Ziyarat Arbaeen on the security of
both community and family. It begins by defining the terms “security”
and “safety,” then discusses the threats facing the security of Iraqi families
through statistics and illustrative examples. The paper then addresses
the solutions provided by Ziyarat Arbaeen in safeguarding families and
society, as well as in preserving the identity of Iraq and its people. Finally,
the study offers a set of proposals aimed at maximizing the benefits of this
global million-person pilgrimage.

:Ziyarat Arbaeen, security, safety, family, identity, non-
governmental organizations.
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The role of cyber security in achieving Iraqi national security

(zyarat al-arbaeen as a model )

Asst.Prof.Dr. Ali Jassim Mohammed
College of Political Science - Al-Mustansiriyah University
Asst.Prof.Dr. saad ali hussein .

College of Political Science - Al-Mustansiriyah University

Security is the desired goal of humanity. With the development of societies,
the information revolution, communication, and the move towards the world of
knowledge and information, a new space has been formed, namely cyberspace,
which is used by the state. These technical and information developments
have created many security threats, especially at the national level, which
has become more vulnerable to the risk of exposure due to the ease of access
to information provided by modern means of communication and contact,
with the presence of many means of security and information espionage
that aim to seize information spread across cyberspace in various ways and
methods, in addition to propaganda and the dissemination of terrorist rumors
via social media, which is an important part of electronic terrorism, especially
in large human gatherings such as million-person visits, especially the zyarat
al-arbaeen of Imam Hussein (peace be upon him), that great and important
annual event that attracts millions of visitors from all over the world, and what
terrorists may exploit to spread chaos, is what necessitated the development
of a new concept of security in order to confront these electronic threats and
challenges. The concept of cyber security came as a response to these threats
in order to preserve national security and the safety and sovereignty of states,
because cyber security information plays an important role in protecting the
national security of the state. It could completely threaten the security of the
state if it is exposed or breached, which could cost the state a lot of losses on
the security, political, social and economic levels.

:Cyber security - National Security - Cyber Terrorism - Combating
- Arbaeen Pilgrimage.
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Normal Distribution and Poisson Analysis for a Proposed Statistical

Model to Organize the Entry of Million-Scale Crowds into Holy

Karbala During the Arba’een Visitation in Light of Increasing

Visitor Trends
Assistant Professor Dr. Ligaa Zaki Hammadi
University of Baghdad - College of Science - Department of Mathematics
Dr. Iman Muhammad Ali
University of Baghdad - College of Science - Department of Earth Sciences

Assistant Professor Dr. Anwar Kazem Musa

University of Baghdad - College of Science - Department of Earth Sciences

The holy city of Karbala faces significant logistical challenges during
the annual Arba’een visitation due to the continuous surge in the number
of visitors from within Iraq and abroad. This research aims to develop
a dynamic statistical model integrating diverse data sources to predict
visitor volume, spatiotemporal distribution, and seasonal patterns by
applying statistical methodologies including descriptive analysis, analysis
of variance (ANOVA), and time-series regression models based on two

primary probability distributions:

Normal Distribution: Used to monitor general patterns in daily visitor
flow and long-term seasonal trends, as aggregate data tends to follow
this distribution. This enables the use of predictive tools such as linear

regression and seasonal component analysis.

Poisson Distribution: Applied to analyze intermittent arrival events over
short time periods or at specific entry points, where flow is characterized
by temporal irregularity and discrete events. This distribution provides
an effective tool for accurately modeling human flows at both macro and

micro levels, particularly during peak hours or at specific gates.



The integration of time-series regression algorithms and ANOVA
has enhanced the accuracy of the model’s predictions, allowing for the
development of proactive crowd management plans, efficient resource
allocation, and preparedness for sudden influxes. Consequently, this model
can be adopted as a standardized tool to support planning authorities in
formulating emergency strategies, distributing services, and ensuring the
highest levels of organization and safety during million-scale events. The
model is also applicable to other major religious gatherings with high

population densities.

Million-scale crowds, visitor services, Arba’een visitation,

mathematical statistics, estimation.
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The Role of Tourist Housing in the Sustainability of Karbala City
Center (The Arbaeen Pilgrimage as a Model)
Asst. Prof. Maareb Y. H. Amer
Ministry of Higher Education and Scientific Research / Al-Mustansiriyah
University
Prof. Jamal B. Al-Saadi
Education and Scientific Research / University of Baghdad Center for Urban

and Regional Planning

Karbala is a city with deep-rooted religious and historical significance,
known above all for the shrines of Imam Hussein and Imam Abbas (peace
be upon them). These sacred sites, along with a number of other pilgrimage
destinations and historic landmarks, have made Karbala a major center of
spiritual and cultural importance—not just in Iraq, but across the Arab and

Islamic world.

Given this unique role, strengthening the tourism sector has become
a key concern for the city. This includes restoring heritage sites, making
them more accessible, and improving services like accommodations,
transportation, and infrastructure. In recent years, attention has also turned
toward more sustainable tourism practices—ones that support the local

community while preserving the city’s cultural and spiritual identity.

One such practice, which has become especially important during
religious occasions like the Arbaeen pilgrimage, is the use of private homes
to host visitors. This informal form of lodging isn’t new—it’s common in
many parts of the world—but in Karbala, it carries added meaning. Opening
up one’s home to pilgrims is not only a way to help with the overflow of

visitors, but also a reflection of the city’s values: generosity, faith, and a



strong sense of community. For many residents, it’s not about money—it’s

a spiritual duty and a source of pride.

This study focused on the city center, where demand for housing is
highest due to its closeness to the shrines. Surveys were given to local
government employees and staff at the Imam Hussein shrine to better
understand how people view this kind of tourism and whether they see it

as sustainable in the long run.

The responses were largely positive. Many residents welcomed the
idea of hosting pilgrims, noting the economic benefits—from extra
income to increased business for local shops and markets. Others pointed
out that home stays offer visitors a more personal experience, including
privacy and home-cooked meals, which hotels can’t always provide. At
the same time, respondents also stressed the need for better regulation and
stronger infrastructure to ensure that this practice remains manageable

and beneficial in the future.

Tourist accommodation, Volunteer housing, Arbaeen pilgrimage,

Competitiveness, Sustainability.
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The Semantic Dimensions in the Media Language of the Arbaeen Visit

An Analytical Study in Expression and Reception

.Asst. Prof. Dr. Sadeer Hossam Kareem Mohammed

.Directorate of Education — Maysan Governorate

This study aims to analyze the semantic dimensions embedded in
the media language surrounding the Arbaeen pilgrimage¢ approached
as a ritualistic and cultural phenomenon that transcends local religious
practice to encompass global symbolic and humanitarian significance. The
analysis adopts a semiotic—pragmatic framework¢ drawing on semantics
and reception theory to explore how media discourse constructs meaning
through symbolic expression¢ and how audiences reinterpret it based on
diverse social and cultural contexts.

The research is based on a purposive sample of audio¢ visual¢ and
digital media texts¢ covering both traditional outlets (such as Iraqi and
regional satellite channels) and digital platforms (including social media
and interactive content). The analysis focuses on five core semantic
dimensions: the humanitarian—civilizational discourse¢ comparative
framing¢ interpretive reception by diasporic communities¢ political
signification¢ and the impact of digital media and technology—alongside
gender representation and symbolic economic dynamics.

Findings indicate that the media discourse on Arbaeen is characterized
by high symbolic density and emotionally charged language fields that
fulfill communicative¢ ritualistic and mobilizing functions. Audience
reception¢ particularly in digital and diasporic settings¢ plays an active role
in reconstructing meaning through participatory and affective engagement.
The study emphasizes the need for a renewed media discourse—one that
reflects the pluralism of Arbaeen participants and articulates the broader
humanistic and spiritual values embodied in the pilgrimage.

: Arbaeen pilgrimage« media discourse« semantics¢ symbolisms
reception¢ digital media< humanitarian dimension.
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The Moral Philosophy Behind the Orderlinessof the Arbaeen
Pilgrimage of Imam al-Husayn
A Perspective from Yemeni University Students
Dr. Najiba Mohammed Mutahar

University of Yemen / Sana'a

his study examines the Arbaeen pilgrimage as a moral school that
fosters values such as patience« humility¢ altruisme¢ sacrifice¢ chastity¢
courage¢ loyalty¢« disavowal¢ and peaceful coexistence. It aims to
highlight the ethical philosophy behind the discipline of participating in
the Arbaeen pilgrimage« particularly among Yemeni university students
who are unaware of its significance and objectives. The study employed
a descriptive-analytical approach¢ designing a questionnaire consisting of
27 items. After verifying its validity and reliability¢ it was administered
to a random sample of 200 students out of a total of 1:890 from various
Yemeni universities. The results indicated that Yemeni university students
have a low level of awareness regarding the Arbaeen pilgrimage across
different disciplines. Additionally¢ some university administrators show
little interest in these rituals¢ leading to a lack of awareness about their
objectives. The study also found no statistically significant differences in
participants’ views on the importance of the pilgrimage based on gender
or academic qualifications. In light of these findings¢ the study presents
several recommendations and suggestions to enhance awareness of the
Arbaeen pilgrimage within academic institutions

Moral behavior« commitment¢ discipline¢ university
students.
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Designing and Analyzing the Media Narrative Model
of Arbaeen Pilgrimage in the Context of Soft Warfare

A Comparative Study in International Media

Dr. Hojjat Haji Mohammed

University Tehran

The Arbaeen pilgrimage stands as one of the largest religious gatherings
in the Islamic world, carrying deep spiritual, symbolic, and identity-
based significance. Despite its massive scale, its media coverage remains
fragmented, distorted, or ideologically framed—particularly in the context
of rising global soft warfare strategies. This research aims to develop an
analytical model of media narrative framing of the Arbaeen pilgrimage by
conducting a comparative study of narratives across Western, Arab, and
Islamic media outlets. The goal is to explore how public perception is
shaped and how religious identity is framed within the international media
space. The study employs a qualitative methodology, combining critical
discourse analysis with structural narrative modeling. A purposive sample
of content from global media platforms—including BBC, CNN, Al Jazeera,
Press TV, and RT—was analyzed. Findings reveal four dominant narrative
types (emotional, securitized, ritualistic, and resistant-symbolic), each
varying in terms of medium, messaging, and cognitive-emotional influence.
The results underscore the media narrative’s capacity to reshape collective
consciousness, either by undermining or reinforcing Shi’a identity. The
study proposes a multi-layered analytical model incorporating structural,
agent-based, and value-driven components of media narratives. It concludes
by recommending strategic narrative production policies to counteract
soft warfare, encouraging multi-platform storytelling that emphasizes the
universal and humanitarian dimensions of the Arbacen phenomenon.

:Arbaeen Pilgrimage,MediaNarratives,SoftWarfare, Religious
Identity,International Media,Discourse Analysis.
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Briefing: Iraq, Iran
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Iranian Minister Sadeq and Basra Governor
Eidani inspecting border crossing
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Analysis: What's Behind
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Millions of Shia Muslim
pilgrims gather in Iraq for
Arbaeen

Pilgrims in Karbala hold up Palestinian

flags amid the war in Gaza as they mark
annual mourning for martyrdom of Imam

Hussein.
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BBC And CNN Report On Arbaen ( world
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The annual event sees millions of
pilgrims from around the world
gather in Karbala for the Arbaeen
commemoration, Al Jazeera
reported.

Every year, millions of Shia Muslims
and some people of other faiths from
around the world take part in a special
pilgrimage ritual, culminating in what is
arguably the world’s largest public
gathering, according to Al Jazeera.
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VOLUME 1 - ISSUE 4
Some thoughts on the Arbaeen

Infographic: Media walk
Coverage for
Arbdeen Pilg I‘imdge The Long View > Volume 1 Issue 4 >
2023 Some thoughts on the Arbaeen walk
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MEDIA COVERAGE FOR ARBAEEN

PILGRIMAGE 2023 & 28 November 2019
' 4 An opportunity to visit Iraq, specifically
i = Najaf and Karbala provided Ahmed
1300 | 1486 Kaballo with food for thought of how

Islamic society does and could work.

Last October | was lucky enough to be
invited to witness one of the largest
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Documentary chronicles Arbaeen pilgrimage

Iranian documentary ‘Circle of Lovers’, directed by
Hamed Kaljei, sheds light on one of the most enduring
and sacred traditions in Islam: the Arbaeen pilgrimage.

‘Circle of Lovers’ offers a comprehensive exploration of the history,

evolution, and significance of this ritual, tracing its origins from 680 CE

to the present day.
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Documentary on Arbaeen
Screened in Paris
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TEHRAN (IQNA) — A documentary film featuring the
Arbaeen pilgrimage was screened by the Iranian

Cultural Center in Paris, France
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Western Media’s Censorship of
Arbaeen Events

TEHRAN (IQNA) - The fact that Western media censor what
happens in the annual Arbaeen pilgrimage is proof of the greatness
of the religious event, a preacher says.
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Comparative Analysis of Media Coverage Styles on the Arbaeen
Pilgrimage
" s Alignment with
Media / Channel Real Example Narrative Style Final Narrative Model
BBC/CNN Technical and limited Superficial - Limited Weak
(YouTube) video report on pilgrims Analytical
BBC Monitoring Focus on security and Security - Political Weak
infrastructure negotiations
Human-political coverage Human - Political -
Al Jazeera with Palestine flag Symbolic Very Strong
Social and resistant Human - Symbolic-
Press TV documentary Eye on Islam Resistant Strong
ABNA24 Analysis of western Omission/ Agenda-setting| Moderate to Strong
media silence
Eurasla Magazine Reprint of Al Jazeera's Human - Symbolic Strong
human-symbolic coverage
Iraq Int. News Agency Professional mediareportl  Organized - News Moderate
with extensive statistics
Circle of Lovers (Doc.) Historical-religious Historical = Personal - Very Stron
E biographical documentary Symbolic Y g
Mostafa... (Doc.) International documentary Global —Personal - Very Strong
E with personal and national Resistant
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The Arbaeen Pilgrimage in the Works of Ja‘far ibn Nima al-Hilli
(680 AH /1281 AD)

Lecturer: Dr. Marwa Ghazi Mohammed

Al-Nahrain University / University Presidency / Department of Student Affairs

This research, titled (The Arbaeen Visit in the Works of Jaafar Bin Nama
Al-Hilli), discusses the historical, political, and ideological dimensions of
the topic of the visit through the two books of Jaafar Bin Nama Al-Hilli
(The Book that Stirs Sorrows or Enlightens the Ways of Grief and The
Book of Dhub Al-Nadhar in Explaining Revenge), as the research follows
the most important narratives and opinions. And the analyzes presented
by Jaafar bin Nama Al-Hilli regarding the Al-Taf incident, the procession
of the captives, and the beginnings of the Arba’een visit. This research
is considered one of the topics that have not been discussed and studied
previously. The author derived his information from the books of Abu Al-
Mukhanf (d. 156 AH /773 AD), Al-Baladhuri (d. 279 AH / 892 AD), and
Tabari (d. d. 319 AH /923 AD), and was taken at times from Al-Khatib Al-
Baghdadi (463 AH /1070 AD) and others, and he supported the historical
events in some places with the hadiths of the Prophet and in other places
with the hadiths of the imams. The problem raised by the research includes
the following question: Did the opinions and propositions of Jaafar bin
Nama differ regarding The events of the Karbala incident and the events

that followed from the rest of the previous scholars.

(Jaafar bin Nama, the At-Taf incident)
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This study aims to examine the impact of the Arbaeen pilgrimage as
a religious phenomenon. reflecting its impact on economic and social
development in host cities. The study demonstrates that the Arbaeen
pilgrimage constitutes an economic stimulus for the local underground
economy. highlighting the service sector. such as transportation. tourism.
trade. and industry. among others. It also creates temporary and permanent
job opportunities. This pilgrimage also fosters social and spiritual solidarity
and cohesion among people. opening horizons for international and cultural
cooperation between countries through the transfer of cultures. values.
and customs. which visitors reflect through community initiatives. The
study’s findings indicate that maximizing the resources and sustainable
benefits of this phenomenon requires in-depth strategic planning through
the development of local services that are reflected in the community even
after the pilgrimage. It also requires developing and improving crowd and
resource management. especially given the increasing number of pilgrims
each year. which requires sustainability. The study also recommends
strengthening policies that support local sectors. such as improving
services. developing volunteer programs. organizing processions and
organizations. and recycling waste. all of which contribute to the positive

impact To visit the local development and its long-term sustainability.
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in capturing the dynamic trends in the growth of visitors and demonstrat-
ed it was capable of managing temporal variation and nonlinear effects.
Furthermore, the regression models for visitor count against water sup-
ply, tankers, and generators provided calculable equations to estimate
infrastructure needs and hence enabled evidence-based planning for fu-
ture seasons of Arbaeen. By approximating that an estimated 25 million
pilgrims would require approximately 5.1 million cubic meters of water,
3,005 tankers, and 429 generators, this research not only approximates the
magnitude of logistics but also provides sustainability interventions such
as use of resources per visitor. These results provide baseline estimates to
guide decision-makers on how to balance crowd management practices
with sustainable development goals. Overall, this work underscores the
defining role that artificial intelligence plays in transforming traditional
pilgrimage planning into a smart, forward-looking process. Future direc-
tions for the extension of this research might involve real-time streams
of data, geospatial modeling, and hybrid Al models to further leverage

precision, scale, and policy utility.
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harvesting from pedestrian flow—showing how crowd dynamics can be
harnessed to generate renewable energy and making the case for interde-

pendence between energy planning and crowd forecasting.

4. Limitations and Future Work

While the models presented have great potential, they are constrained
by the availability and degree of detail of historical data. Some features
were interpolated due to missing data, particularly for years before 2017.
Additionally, visitor numbers for early years were estimated by linear ex-
trapolation that can be inadequate in understanding ground realities due to

the absence of historical data about crowd sizes.

In the coming years, it will be more crucial to integrate live mobility
data from Google Mobility Reports, NASA EarthData remote sensing air
quality databases, and geospatial simulations of crowd flow with tools
like SUMO or MATSim to further enhance the precision and applicabili-
ty of the proposed framework. Ensemble learning models and integrated
forecasting pipelines based on deep learning may further improve perfor-

mance in multiscale variability and non-stationarity trends.

The Arbaeen march, one of the world’s biggest mass gathering phe-
nomena every year, is confronted by complex logistical and environmen-
tal challenges that require data-driven solutions. The study imagined an
integrated strategy leveraging machine learning and deep learning algo-
rithms—specifically, linear regression and LSTM networks—to forecast
visitor numbers and estimate attendant infrastructure requirements from
multivariate socio-economic, environmental, and operational data be-

tween 1991 and 2023. The LSTM model outperformed linear regression
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2. Resource Demand Modeling and Sustainability Metrics

By relating projected numbers of visitors with infrastructure require-
ments, the study added regression-based calculators for logistics require-
ments such as water tankers, amount of water (m?), and power gener-
ators. These calculators (e.g., Water Quantity m3 = 0.43 x Visitors
—5,567,953.88) were used to estimate the necessary services for a predict-

ed 25 million visitors—a potential record in following Arbaeen seasons.

Estimates also facilitated per capita sustainability analysis. Indica-
tors such as 0.03 m?® of water per visitor, 0.000101 tankers per visitor,
and 0.000020 generators per visitor are realistic goals that can be used
to guide current logistics and future scenario simulations. These values
facilitate operational decision-making and help to estimate the ecological

footprint and resource optimization measures in line with SDGs.

3. Strategic Impacts on Urban and Pilgrimage Planning
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The study offers an evidence-based basis for transforming responsive
pilgrim administration into proactive, prediction-led planning. Predictive
models such as the LSTM model can be integrated within urban and na-
tional planning mechanisms to trigger preemptive actions, such as pow-
ering pre-positioned mobile water treatment units, optimizing traffic flow
through intelligent routing, and pre-calibrating health and emergency re-

sponse units.

Besides, the approach aligns with current literature demanding smart
tourism and sustainable infrastructure in highly populated spiritual re-
gions. As argued by Allawi (2022), combining smart mobility and intel-
ligent governance systems in pilgrimage cities like Karbala can improve
not only logistics but also residents’ quality of life. Furthermore, the

findings are consistent with Bedewy et al. (2024), who examined energy



This study demonstrates the potential and efficacy of using machine
learning (ML) and deep learning (DL) techniques for forecasting the
number of visitors and logistical requirements of the Arbaeen pilgrimage.
With the establishment of a systematic dataset merging socio-economic,
environmental, and logistical data, we formulated predictive models to
forecast not only the number of participants but also the resources re-
quired for sustaining such a huge religious phenomenon. The findings
have significant implications for intelligent planning, sustainable infra-

structure design, and anticipatory crisis management.

1.Interpretation of Predictive Models

Comparison of the linear regression method and the LSTM (Long
Short-Term Memory) model in Figure 3 demonstrates both approaches’
limitations and strengths. In Figure 3, the LSTM model illustrated an ap-
preciably improved correlation between predicted visitor movements and
trends of actual visits throughout the years from 2018 to 2023. LSTMs
achieve based on their built-in capacity for absorbing time-based dynam-
ics, making the models exceptionally responsive to nonlinear-varying
models of events characterized by variations, such as tourist restrictions,
financial crises, or health emergencies due to disease, like the current
COVID-19 pandemic.

On the other hand, linear regression yielded a quite flat prediction line.
Though it is able to capture the mean trend, it is not sensitive to sudden
changes or growth trends characteristic of annual religious events. Lin-
ear regression, though simple and more interpretable, is in situations that
require responsiveness and temporal sensitivity, as indicated by its lesser

RMSE and greater insensitivity during visual analysis.
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Figure 3 shows a comparative plot of the predicted visitor numbers
for the years 2018 to 2023 using two models: Long Short-Term Memory
(LSTM) and Linear Regression (LR). The actual normalized visitor num-
bers are plotted in blue, while LSTM predictions are shown in red and

linear regression predictions in orange.

The LSTM model captures temporal fluctuations more nimbly and is
more sensitive to shifts in visitor trends across the six-year span. In con-
trast, the linear regression model is very flat, which reflects its poor abil-
ity to model nonlinear temporal trends or respond to outliers such as the

pandemic trough in 2020.

This figure illustrates the superiority of LSTM in modeling real-world
pilgrimage dynamics, where crowd sizes are determined by multiple non-

linear and time-dependent mechanisms.

Visitor Count Prediction (2018-2023): LSTM vs Linear Regression

w

&

—e— Actual
—m=— Linear Regression
-s- LSTM

w

N

Visitor Count (Normalized)

Year Index (from 2018)

Figure 3. A comparative visualization of visitor count predictions for the years 2018 to 2023
using two models: LSTM and LR.
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Figure 2.The relationship between the predicted number of Arbaeen pilgrims and the required
Jogistical resources, specifically water-related services and energy provisions
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This model describes a moderately strong linear relationship, with each ad-
ditional visitor being linked to an increase of 0.43 m?® in needed water supply.
The fit obtained, as presented in the second panel of Figure 2, captures the un-

derlying increasing trend despite the fluctuations in the actual historical data.
For water tankers, the regression equation was
Water Tankers = 0.00012 x Visitors — 4,465.25

The model, although delivering a weak slope, still indicates an expandable
trend in tanker utilization against pilgrim increases, from the first panel of
Figure 2. The spreading of the data points also suggests that resource utiliza-
tion can vary based on working schemes or local prohibitions, normalized and

averaged out by the model for the purpose of prediction.

The third panel illustrates the regression result for power generators,

modeled by the following equation:
Water Generators = 0.00002 x Visitors + 235.14

This gentle upward slope accounts for a modest but persistent rise in de-
mand for power-generating facilities as the crowd size increases. The regres-

sion line is very consistent with most of the actual data points.
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Correlation Heatmap: Visitors vs Socio-Economic Factors

1.00
Year 073 073 -1 -079 094 -0.75 096 k]

Visitors count {08 1 054 -0.73 LGN -0.32 OGS 0.39 MOVE)
Employers_% JUFER V-1 EENREEEVE] 0.88 0,55 0.8 o7
U -1 073 073 1 079 -0.94 075 -0.96
Self Employed_% SNE] 079 1 -0.68| 094 -0.7
[N IEIACE 0.94 1069 | 0.88 -0.94 [-0.68| 1 |0.74| 097
Undernourishment_% {204 055 075 094 074 1 073
LR LGRDE 0.96 F0:65 0.8  -0.96 [-0.7 | 097 0.73| 1

Food_Inflation %- 0.19 039 "V7F -0.19 033 036 03 028

[ZERONEEME 1 (073 073 -1 079 094 0.75 096 Akl

0.50

-0.25

-0.00

=025
P ESE 1 (073 073 -1 079 094 075 096 EAE]

Water_Quantity m3- 0.36 041 032 -0.36 0.087 037 -0.084 036 032 036 036
Water_Stations --2e-16 0.15 -0.0282.9e-160.0076-0.014 0.059 0.029 0.034-2.1e-1@.3e-16

—0.50

Water Generators
-0.75
Water_Tankers - 0:cr HUZA) -0.59 EINGY 0.61 EiBPR 06 055 059 059

PM2.5 Mean Exposure- 0.25 -0.14 0.1 -0.25 “WER 0.14
i i | i | | i i | i i i -1.00

X o oo oo o o 34 & Q& ] o & o &
& boo @Qﬁ @/\ zb/\ dﬁ (5:7) \(@? G(\v/‘fa & & F "@‘ (\\(-"’( oe“‘
& \oe' S@ o & ¢ e G Q“e oq' & & ° Q;&-Q
& ?é‘(' & ¥ F oy P ¢ és@" Ry
D/ /s R ’ ’
STFF STy
(é\z & ,_\j)/

Figure 1. the correlation heatmap illustrating the linear relationships between the number of
Arbaeen visitors and a range of socio-economic, environmental, and logistical indicators.

The results presented in Figure 2 offer a quantitative analysis of the cor-
relation between the number of visitors and key logistical supplies during the
Arbaeen pilgrimage. The three panels represent regression-based projections
of water tankers, total water consumption, and power generators, with the
number of visitors as the independent variable. The predictions are the foun-
dation of an Al-aided infrastructure estimation model for pilgrimage manage-
ment in a sustainable manner.

The regression model developed for water quantity was

Water Quantity m3 = 0.43 x Visitors — 5,567,953.88
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The models were evaluated using Root Mean Squared Error (RMSE) and
graphically displayed using normalized prediction plots for actual vs. pre-

dicted values across time.

D. Logistic Resource Estimation

Having forecasted the visitor numbers in the future, we used basic re-
gression models to approximate the necessary quantities of logistical mate-

rials—namely:
1. Water tankers
2. Quantity of water (m?)

3. Power generators

Figure 1 is the heatmap of the linear correlations between the number of
Arbaeen pilgrims and a group of socio-economic, environmental, and logistic
indicators. The heatmap shows Pearson correlation coefficients ranging from

-1 (strong negative correlation) to +1 (strong positive correlation).

The Visitors variable of count is fairly strongly positively related to certain
of the variables, specifically Water Tankers (0.77), Food Price Index (0.65),
and Energy Adequacy % (0.69). This reveals that rises in visitor numbers
are associated with augmented water logistics needs and are related to broad-
er economic distress indicators such as food prices and energy adequacy of

consumption.

Conversely, Self Employed % and Agriculture % are negatively correlat-
ed with Visitors count, meaning that as formal labor arrangements and urban-
ization increase, both infrastructure and the capacity to accommodate mass

gatherings can grow with it, allowing for greater visitor absorption.
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supervised learning models.

All numerical attributes were normalized using MinMaxScaler to be
compatible with neural network-based models, especially LSTM, which
is scale-sensitive. Non-numeric columns were dropped, and duplicate or
completely missing columns were excluded from the analysis pipeline.

B. Correlation Heatmap and Feature Interactions

A correlation matrix was employed to explore correlations between
visitor counts and predictor variables. Traits such as energy sufficiency,
self-employment, food price index, and water infrastructure indicators
(e.g., water supply and generator status) had moderate to high correlations
with the annual number of pilgrims.

This correlation analysis informed the feature selection process, and the
machine learning models utilized variables that possess significant impacts
on pilgrimage logistics and socio-economic background.

C. Machine Learning and Deep Learning Modeling

Two primary prediction models were used and compared (Rahimzad
et al., 2021):

* Linear Regression (LR): A control statistical model that was trained
on the data of 2000-2017 and tested on 2018-2023. It produced a
linear prediction curve with minimal sensitivity to nonlinear trends in
actual numbers of visitors.

* Long Short-Term Memory (LSTM): A recurrent neural network mod-
el that has the capability of learning temporal relationships and non-
linear growth patterns. The LSTM model significantly outperformed
linear regression in capturing year-to-year variability, though its pre-
cision was constrained by limited training samples.
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4. Macroeconomic Indicators (1991-2023): Obtained from the World
Bank’s economy and growth indicators, this dataset includes variables
such as purchasing power parity (PPP) conversion rate and local curren-
cy to USD exchange rate (DEC alternative (World Bank, n.d.-b).

5. Visitor Count Records (2017-2023): Counts of Arbaeen pilgrims were
sourced from official annual Arbaeen reports, noting crowd sizes be-
tween 15 and 22 million. They were employed as the target variable for
predictive models and backward interpolated (2000-2016) and optional-
ly forward extrapolated (2024-2025) by linear trends (Ziyarat Arbaeen
Committee, 2023).

Besides, local infrastructural data like water amount, quantity of pow-
er generators, and water tanker allocation were included to link resource
demand with projected visitor numbers. Linear interpolation was used to
treat missing values to maintain temporal continuity and facilitate full-

year modeling input for Al-based analysis.

2. Data analysis

The process began with preprocessing and exploratory data analysis of
the constructed dataset to ensure consistency, completeness, and analytical
significance. The dataset was available between 1991 and 2024 and had over
14 multivariate features, focusing on socio-economic factors, environmental

variables, and logistics-related elements relevant to the Arbaeen pilgrimage.

A. Preprocessing and Interpolation

Missing values—most notably for logistical indicators prior to 2017 and
visitor numbers prior to 2017—were treated with linear interpolation based

on the year index. This created a continuous dataset where trends could be
learned over time. The visitors count field was interpolated backwards from
known yearly values (2017-2023) and was used as a dependent variable for
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Together, these research studies provide a multidisciplinary founda-
tion for creating smart and sustainable solutions to the environmental and
logistical demands of the Arbaeen pilgrimage. They highlight the neces-
sity for integrating renewable energy systems, smart urban planning, and
data-driven decision-making into the overall context of religious tourism

and city management.

1.Data collection

To enable data-driven forecasting and logistics planning for the Ar-
baeen pilgrimage, we constructed an expanded multivariate dataset that
covers the years 1991 to 2024. This dataset incorporates socio-economic,
environmental, and event-related indicators relevant to mass gathering
dynamics in Iraq, particularly in the city of Karbala. The information was

gathered from some reliable open-access sources:

1. Social Protection and Labor Indicators (1991-2023): Derived from the
World Bank via the Humanitarian Data Exchange (HDX), this subset in-

cludes variables such as percentages of employment, self-employment,

and proportion of the agricultural workforce (World Bank, n.d.-a).

2. Food Security and Nutrition Indicators (2002-2023): Collected from
FAOSTAT, these include prevalence of undernourishment and mean di-
etary energy supply adequacy for the population of Iraq (FAO, n.d.-a).

3. Food Price Indices (2000-2023): Also obtained from FAOSTAT, this

includes the national food price index and food inflation rate percent-

age each year, relating to economic pressure during pilgrimage periods

(FAO, n.d.-a).
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To supplement this energy-based strategy, Resen (Resen, 2024) re-
ported a comprehensive feasibility study of a wind farm project at the
Al-Razaza site near Karbala. From the RETScreen model and real three-
year meteorological data, the study concluded that although the wind ca-
pacity factor was relatively low at 22.3%, wind power is nonetheless an
appropriate supplement to Iraq’s electricity grid, particularly in minimiz-
ing power outages during high demand periods such as Arbaeen. Their
study emphasizes the necessity to diversify the region’s renewable energy

sources.

Under the topic of sustainable urban planning, Abbas et al. (Abbas,
Dhuha, & Tabark, 2024)addressed the role played by sustainable mate-
rials and building design in the provision of green housing in Karbala.
The study contributes to the existing literature on sustainable infrastruc-
ture through the creation of Paris Agreement-compliant residential design
guidelines, which are tailored to suit local social and climatic contexts.
Through the integration of renewable energy systems into the built envi-
ronment, this project is strongly aligned with the creation of sustainable

urban ecosystems capable of supporting large seasonal populations.

Aside from infrastructure and energy, (Allawi, 2022) accentuated the
promise of smart tourism in aiding Karbala’s spatial sustainability. The
study adopted an integrative view of governance, mobility, innovation,
and ICT in examining the region’s readiness to develop smart tourism.
Statistical analysis determined the presence of high correlations between
smart tourism determinants and sustainable spatial development, with
possibilities for intelligent systems to guide resource distribution, crowd

management, and environmental monitoring in high pilgrimage seasons.



. To train and compare machine learning and deep learning models (linear
regression and LSTM) to predict the number of Arbaeen pilgrims based
on past and interpolated multi-year data (2000-2023).

. To explore the relationship between visitor count and primary logistical
capitals, e.g., water tankers, power generators, and water amount, using

regression models to derive actionable patterns.

. To predict future logistics requirements based on the estimated number
of visitors to facilitate preemptive planning by local authorities and in-

frastructure departments.

. To compare the performance of the proposed prediction models with

RMSE and visual correlation plots to highlight their applicability for

real-world crowd management and sustainability efforts in Karbala.

The pursuit of sustainability in dense urban and religious environments
like Karbala has attracted growing academic attention, particularly in the
energy, infrastructure, housing, and tourism contexts. A case in point is
research by Bedewy et al. (Bedewy, Algburi, Abdulameer, & Al-Bagh-
dadi, 2024), in which they explored the innovative use of piezoelectric
systems for kinetic energy harvesting from pedestrian footsteps during
large-scale religious events. Their study, which was carried out in Karba-
la, demonstrated the feasibility of exploiting human-induced vibrations
in high-footfall areas to generate clean electricity. Using geographic in-
formation systems (GIS) to calculate the optimum placement routes, the
researchers demonstrated how pedestrian crowd flow can be included in

sustainable energy planning for ceremony cities.
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The Arbaeen Pilgrimage, celebrated annually in the holy city of Karbala,
Iraq, is among the most important and largest religious pilgrimages globally,
with millions of pilgrims attending from across the world, particularly from
Shia Muslim populations (Husein, 2018), (Shalbafian & Zarandian, 2021),
(Almehmadi & Algahtani, 2023). This sacred ritual commemorates the mar-
tyrdom of Imam Hussein, a grandson of Prophet Muhammad, and is char-
acterized by its extremely spiritual journey in which people travel hundreds
of kilometers in grief, piety, and group solidarity. The pilgrimage not only
instills spiritual awakening and psychological resilience among participants
but also expresses a dominant form of religious identity and cultural solidar-
ity (Movahed, Moazzeni, & Kian, 2024), (Nikjoo, Sharifi-Tehrani, Karoubi,
& Siyamiyan, 2020), (Moulaei, Bastaminejad, & Haghdoost, 2024).

The Arbaeen pilgrimage in Karbala is one of the largest global annual
mass gatherings, imposing tremendous pressure on urban infrastructure, lo-
gistics, and public services. Effective planning of key utilities such as wa-
ter supply, energy generation, and sanitation relies on timely and accurate
forecasts of visitor volumes. Regrettably, the absence of integrated Al-based
forecasting systems and decision-support systems undermines the poten-
tial of authorities to pre-emptively assign resources. Current management
strategies rely mostly on past forecasts and reactive measures, which lead
to service congestion, amplified health risks, and wasteful use of resources
during peak pilgrim seasons (Bedewy, Algburi, Abdulameer, & Al-Baghda-
di, 2024).

This study attempts to alleviate the logisticians’ issues with the Arbaeen
pilgrimage through a predictive modeling process that combines Al meth-
odology with socio-economic and environmental factors to support data-in-
formed decision-making for event resource allocation. The specific objec-

tives are as follows:



The Arbaeen pilgrimage in Iraq’s Karbala is an officially acknowl-
edged one of the world’s largest religious events, with millions of pilgrims
visiting annually. The pilgrimage has major logistic and environmental
issues due to the fast-growing scale. Here, we present a quantitative fore-
casting methods for visitor volumes and projecting necessary logistical
materials based on socio-economic and environmental factors during the
period 1991-2023. Data were collected from open-access global databas-
es like the World Bank and supplemented with official Arbaeen visitor
reports. We applied both linear regression and long short-term memory
(LSTM) models to forecast visitor trends and estimate infrastructure de-
mands such as water volume, tankers, and generators. The LSTM model
demonstrated superior predictive accuracy in imitating temporal chang-
es compared to linear regression. Regression models relating visitors to
logistics yielded consistent estimators, which allowed the estimation of
needed resources for future use, such as a 25-million-visitor event. The
study also introduced indicators of resource usage sustainability, such as
per-visitor water use and infrastructure load. Our findings demonstrate
the strength of artificial intelligence for enhanced planning accuracy and

sustainable resource usage for mass religious events.

Arbaeen pilgrimage, visitor forecasting, LSTM, sustain-
able logistics, mass gathering, water supply estimation, smart city plan-

ning, machine learning, Karbala, resource optimization
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of routing parameters. Finally, exploring multi-objective optimization will
be pursued to generate a set of Pareto-optimal routes, offering a nuanced
range of choices that balance safety, travel time, and distance. These future
enhancements are poised to significantly increase the system robustness

and practical utility in smart city public safety initiatives.
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B Download Data as CSY

Download All Data

Download Coordinates Data

Download Routes Data

Figure 15: Interface for exporting data in CSV format

This study demonstrates an intelligent, modular framework for the re-
al-time analysis and optimization of crowd movement. It establishes a uni-
fied system that integrates risk assessment, behavioral classification, pre-
dictive analytics, and adaptive pathfinding. So, the key contribution lies in
a composite risk model and an efficient graph-based Dijkstra's algorithm,
which collectively identify safer and more efficient paths than conven-
tional alternatives. The practical significance of this work is its capacity to
shift crowd management paradigms from reactive to proactive, data-driven

strategies, thereby enhancing public safety.

Also, the current model, validated with synthetic data and a linear pre-
dictive function, provides a strong foundation. In the future, it will focus on
advancing its real-world applicability and sophistication. The immediate
priority is live validation through integration with real-world data streams
from Closed-circuit television (CCTV) and IoT sensors. Furthermore, to
enhance predictive accuracy, it could implement more advanced non-linear
models, such as Long Short-Term Memory (LSTM) networks. And, could

use Reinforcement Learning (RL) for the dynamic, adaptive calibration
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Figure 13: Future prediction for Pressure Level
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Figure 14: Future prediction for Risk Score

They collectively demonstrate the predictive model utility and limita-
tions .The linear prediction) orange line (effectively captures the average
baseline for visitor numbers ,pressure ,and risk degree ,making it suit-
able for high-level strategic planning .However ,its inability to predict the
sharp ,localized spikes seen in the actual data) blue bars (underscores the
necessity of complementing these long-term predictions with real-time
monitoring to manage immediate ,high-variance incidents .Consequently,
Data Export Capabilities has been added to download processed data and

analytical results in CSV format ,as demonstrated in Figure.15
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These results clearly show how the model improves route selection.
The most important finding is the large reduction in total cost, from 85.70
for the Traditional Route down to just 11.18 for the Smart Route. This sig-
nificant saving is achieved by finding a safer path. The data shown in the
“Path Comparison Details” panel confirms this: the Smart Route has an
average risk of only 4.92, much lower than the Traditional Route’s risk of
8.26. The map illustrates this strategy visually: the Smart Route (blue line)
deviates from the main traditional path to navigate through a sequence of
alternative, lower-risk locations. By combining this visual evidence with
the numerical data, it is clear that the model successfully identifies intelli-
gent routes that improve crowd safety. Furthermore, intuitive visualiza-
tions of future predictions through graphs that display projected trends for
key indicators such as the visitors numbers, pressure levels, and risk de-

gree, as illustrated in Figures 12, 13, and 14.
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% Traditional Route vs, Smart Route
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4l Path Comparison Details
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Figure 11: Visual comparison of the proposed Smart Path (blue) and the Traditional
Path (grey)

These results clearly show how the model improves route selection.
The most important finding is the large reduction in total cost, from 85.70
for the Traditional Route down to just 11.18 for the Smart Route. This
significant saving is achieved by finding a safer path. The data shown in
the “Path Comparison Details” panel confirms this: the Smart Route has
an average risk of only 4.92, much lower than the Traditional Route’s
risk of 8.26. The map illustrates this strategy visually: the Smart Route
(blue line) deviates from the main traditional path to navigate through a
sequence of alternative, lower-risk locations. By combining this visual
evidence with the numerical data, it is clear that the model successful-
ly identifies intelligent routes that improve crowd safety. Furthermore,
intuitive visualizations of future predictions through graphs that display
projected trends for key indicators such as the visitors numbers, pressure

levels, and risk degree, as illustrated in Figures 12, 13, and 14.
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Figure 10: Heatmap of pressure distribution along the route

Figure 11 presents a path comparison interface, designed to analyze
and compare different routes on a geographic map, supported by a de-
tailed summary of the analysis. While custom paths can be defined by
selecting the start and destination points, the Baghdad to Karbala route
is presented as the default case for this demonstration. The main feature
is the map itself, which visually plots both the predefined “Traditional
Route” (in gray) and the generated “Smart Route” (in blue). This overlay
provides an immediate visual comparison of the two paths. To support the
analysis, the interface also includes a “Path Comparison Details” panel
that shows the calculated costs and key metrics for each route, along with
expandable sections that list the full sequence of areas for both the tradi-

tional and smart paths.
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Each observed area is represented by a colored marker, based on the con-
figured thresholds like green for "Normal" if risk < 4.0, orange for "Sus-
picious" if risk 4.0-6.0, and red for "High Risk" if risk > 6.0 and other

conditions met.

The Heat Map is used to provide a clear visual representation of the spa-
tial distribution for the crowd pressure along the route, helping to identify
congestion hotspots, as shown in Figure 10. It presents a continuous and
aggregate view of crowd pressure across the observed region. So, the color
intensity, ranging from blue (low pressure) to bright red (high pressure),
reflects the calculated Pressure Index (P_(index,i)). Indeed, it identifies
broad congestion patterns and "hotspots" where crowd density is highest.
The bright red "hotspot" of Figure 10 corresponds to an orange marker on
the risk map of Figure 9 indicates that despite high density, other factors
(good crowd speed) are currently preventing the situation from becoming

critically dangerous.

Figure 9: Interactive map of areas with coded risk level markers



To summarize the overall risk distribution across all areas, the system
classifies all monitored areas into three distinct behavioral categories. The

distribution of these categories is visualized in the pie chart in Figure 8.

High Risk

Suspicious Behavior

Normal

Figure 8: Classified behavior distribution (Normal, Suspicious, High Risk)

The results indicate that while a large majority of areas (73.7%) oper-
ate under "Normal" conditions, the system successfully flags two levels
of potential threats. A small but significant 5.0% of areas are categorized
as "Suspicious Behavior" warranting closer observation. Critically, the
model isolates the 21.2% of areas designated as "High-Risk". This crucial
segment represents locations where multiple risk factors have converged,
allowing authorities to prioritize resources and deploy immediate inter-
ventions effectively. Furthermore, an interactive point map that displays
all observed areas with color-coded markers that reflect the alert status in
real time, and features interactive pop-ups that provide detailed informa-
tion, as in Figure 9. It displays the interactive geographical map, which

serves as the primary visual interface for real-time situational awareness.
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Figure 7 illustrates the distribution of visitor counts across the different
areas. The red line, representing the actual observed visitor numbers,
shows significant fluctuations with sharp peaks in certain key locations.
These peaks usually appear in major urban centers or at important cross-
roads used for major religious events, which attract much larger crowds
than secondary streets or smaller villages. In contrast, the blue line shows
the overall linear trend, which acts as a simple average for all locations.
This trend line helps to better understand the sharp differences in the red
line, highlighting areas with unusually high or low visitor traffic com-

pared to the average.

 Visitor Count by Area vs. Overall Trend

000
00

= Qverall Trend = Visitors

Figure 7: Visitor Distribution by Area vs. Overall Trend Line
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As a continuation of the analysis, the model classifies the actual crowd
behavior according to predefined rules in Algorithm 1, along with the cor-
responding alert status, which is presented in a risk degree analysis table,
as shown in Figure 6. It demonstrates an intelligent alert mechanism, and
automatically identifies any zone with a Risk Degree exceeding the initial
warning threshold of 5.0. It is of great importance to note the distinction
between this alert threshold and the more stringent behavior classification
threshold of 6.0. An area of Diwaniyah with a Risk Degree of 5.71 is im-
mediately flagged in the high-risk watchlist, and it is still classified as “Sus-
picious Behavior”. In contrast, an area of Hillah with a Risk Degree of
31.89 is not only on the watchlist, but also classified as “High Risk” since it

has surpassed the higher threshold and met other critical conditions.
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1.Centralized Analysis and Processing Engine

100

This engine represents the operational brain of the system and is de-
signed to work through several parallel analytical streams to provide a
comprehensive, multi-dimensional view of the current state of the crowd

by processing different aspects of the data simultaneously.

Regarding the risk analysis and behavior classification, it has been fo-
cused on calculating the pressure index ( and the advanced risk level () for
each observed area. The dataset features are presented ina comprehensive
analytical table for direct review, as shown in table 2. It shows the main
analytical table, where risks are classified based on dynamic thresholds.
Also, it can be seen in figure 5, Row 34 (Sequare 97) shows a very high-
risk level that has reached risk degree 13.76, which exceeds the threshold
0f 6.0, due to barriers existing, and the speed of crowds is very low of 1.21
Km/h. In turn, Row 38 (Village 110) has a risk level of 4.09 that could
be considered as high value (suspicious) of threshold falls between the
(4.0-6.0), thus classified as “suspicious behavior”. Therefore, the model

distinguishes between critical and normal threats.
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3. Results and Discussion

Data Initialization and Processing Module, acts as the main data en-
try gateway to the system, responsible for taking the input data and con-
verting them into a structured, clean and consistent format, making them
ready for advanced analysis. In addition, the module extracts higher-level
features from the raw data architecture. Figure 4 shows the side control in-

terface that allows the user to load data and configure system parameters.

% Control Panel & Settings

“ Future Forecast Settings:
Number of future steps to predict:

5 e g

1. Behavior Classification Thresholds:
High Risk Threshold {for Classification @ ):

6.00 - -

Suspicious Behavior Threshoid (for Classification @ ):

4.00 —_ -

-~ Smart Path Cost Balancing:

Risk Weight Factor:
1.00
—
2.80 10.09

Distance Weight Factor:
.10
—
2.00 1.00

& Upload CSV Data

Upload Combined Data (e.g., combined_ routes data.csv)

@ Drag and drop file here

Limit 200MB per fila -« CSV

Browse files

Load from Fiie Generate New Data

Figure 4: Control interface for load data and configure system parameters
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Figure 3: The Conceptual Diagram of the proposed model
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ative edge weights. Actually, the "least cost" corresponds to the path with
the minimum cumulative composite weight, as calculated by the (W(u,v)).
Then, based on dynamically constructed graphs (G), the observed areas
are the nodes and their interconnections are the weighted edges. Regarding
source(S) and a destination node (D) computing the optimal sequence of

nodes that form the smart path and its total cumulative cost.

4. Traditional Path Definition and Cost

For comparative analysis, the "Traditional Path" is defined as a predeter-
mined sequence of nodes representing a conventional route, with its relevant
segments dynamically extracted between the user-selected source and desti-
nation. The total cost of this path (Cost )in Equ.8 (Alwan, N. A., 2014).

Traditional

COStrragisiona] = Z CWD) . 8

(w,v)ETraditional Path Segments

5. Smart and Traditional Path Priority

A major aim of the study is to compare and analyze the performance
of the «SmartPath» against the predefined «TraditionalPath» that en-
ables informed decision-making. This comparative analysis is achieved
by a visualization strategy that allows to assess immediately the benefits

of the smart routing algorithm.

In general, the proposed intelligent crowd analysis and prediction sys-
tem is designed in a modular and multi-layered architecture with a focus
on flexibility, scalability, and real-time data processing power. This ar-
chitecture facilitates the ingestion of diverse crowd data, comprehensive
analytical processing of crowd behavior, predictive modeling of future
conditions, and the generation of recommendations for optimal routes, so

the general structure flow is illustrated in Figure 3.
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Where, W(u,v) is the Composite Weight (Cost) of the edge. And, a is
a configurable Risk Weight Factor ranging from 0.0 to 10.0, which con-
trols the relative importance of the destination Risk Score (R ), a higher
a value prioritizes paths through lower-risk areas. Similarly, B is a con-
figurable Distance Weight Factor ranging from 0.0 to 1.0 that controls the
importance of the Geographical Distance between nodes, Dist(u,v), while

a higher B prioritizes shorter geographical paths.

2. Geographical Distance Calculation

Where, (Dist(u,v)) is the edge weight function representing the geo-
graphic distance, calculated using the standard Euclidean distance formu-
la (Tatit, P., Adhinugraha, K., & Taniar, 2024). This method is used as a
computationally efficient alternative to actual road network distances. To
ensure a more accurate representation, the coordinates are converted to

radians before applying Equ.(7).

Dist(u,v) = J (lat?® — lat?o2 + (loni™ — lon"®)2 ... .. . 7

Where, (lat *,lon ") and ((lat "*,lon ") are the respective latitude and
longitude coordinates of nodes u and v after their conversion to radians.
The data for these coordinates is sourced from the df coords DataFrame

within the model.

3. Dijkstra>s Algorithm for Smart Path Determination

To determine the optimal "smart path," the system employs Dijkstra's
algorithm, an efficient greedy algorithm to find the least-cost path from a

single source node to a destination node in a weighted graph with non-neg-
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Alert; = High Alert If Ry > Tatort -oevene (5)

Where, R is the Risk Degreefor area (1), and T, __ is the configurable-
High-Risk Alert Threshold(5.0), which establishes the critical point for

triggering an explicit alert.

By the other hand, the second layer provides an intuitive visual map-
ping on the system interactive display, where the marker color for each
area is directly determined by its Actual Behavior classification: a red
marker is assigned if the behavior is "High Risk", an orange marker if it
is "Suspicious Behavior", and a green marker if it is "Normal". This dual
approach ensures that operators can rapidly identify and locate high-risk
zones through both the explicit "High Alert" designation and the unam-
biguous color-coded visual cues on the geographical display, thereby fa-
cilitating swift and informed decision-making.

D. Smart Route Optimization

This phase provides advanced pathfinding capabilities designed to
guide crowds along safer and more efficient paths. It achieves this by
performing a comparative analysis and optimization of crowd movement,

dynamically balancing traversal risk with geographical distance.

1. Edge Weight Function

The core of the smart routing phase is based on the sophisticated Edge
Weight Function (W(u,v)), which defines the composite «cost,» W(u,v), of
crossing a path segment. This cost is not merely based on geographical dis-
tance. The formulation of a cost functions as a linear weighted sum of multi-
ple objectives, integrating both traversal risk and distance, which is a standard
approach in multi-objective pathfinding as in (Alwan, N. A., 2014). Thus, a

lower weight would be more desirable path segment as determined in Equ. (6)

Wu,v)=(a-R,)+ (ﬂ - Dist(u, v)) e e D
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flow modelling as in (Das, P., Parida, M., & Katiyar, 2015), the forecast-
ing module utilizes simple linear regression principles to estimate future
trends for vital features (visitors number, pressure, and risk degree). So,
the computational efficiency and high interpretability in extrapolating lin-
ear patterns from serial data, providing a clear framework for crowd dy-

namics prediction as defined in Equ.(4)

Y =B+ Bt &)

Where, Y', Represents the Predicted Value of a given features (visitor
numbers, pressure, or risk degree) at a future time or sequential step t.
The Intercept Coefficient B is the baseline value of the metric when the
independent variable t=0. While, the Slope Coefficient B is the average
rate of change in the metric of each unit increasing in temporal or ordinal
index (t). For model training, t corresponds to the ordered sequence of
currently available data points N= {0,1,...,N—1}. For forecasting, t is ex-
tended to future steps, {N,N+1,...,N+M—1}, Where, M is the number of
steps to be predicted. The model is trained using the current metric values
as the target output and their corresponding indices as input, then used to
extrapolate future values.

C. Risk Alerting and High-Risk Zone

In order to identify immediate and actionable intelligence, the frame-
work incorporates a dual-layered mechanism for risk notification. This
mechanism is designed to clearly identify and visually highlight areas
where risk levels exceed critical thresholds. The first layer involves a di-
rect alert trigger based on the calculated risk degree (). An alert status for
each area (i) is determined by comparing its against a predefined oper-
ational threshold (). So, "High Alert” status is assigned to an area if its

surpasses this threshold, as in the formulated rule in Equ.(5):



Algorithm 1: Crowd Behavior Classification.

Input:Risk Score(Ri),Barrier Status(Barrier i),Crowd Speed(Si), Event Type
(Event i) Output: Behavior Classification

1. IF(Ri>T HighRisk) AND (Barrier iisTrue) AND (Si<S Stagnation) THEN
2. RETURN "High Risk"

3. ELSEIF (Ri>T_Suspicious) OR (Event i="_xS «S ") THEN

4. RETURN "Suspicious"

5. ELSE

6. RETURN "Normal"

7. ENDIF

However, T represents the High-Risk Classification Threshold as

represents the High-Risk Classification Threshold

HighRisk
5.0, However, T

as 5.0, T

where T spicions< LitighRisk always. Also, S

HighRisk
is the Suspicious Behavior Classification Threshold as 3.0,

Suspicious
Stagnation denotes a speed threshold
as 2 units/second when crowd movement is considered stagnant. As well
as, the logical operators A and V represent "AND" and "OR," respectively.
Thus, an area is classified into "High Risk" only if its risk score is critical,
a barrier is present, and movement is severely impeded. Otherwise, it is
classified as "Suspicious" if its risk score is moderately high or if a large
procession event is active. Finally, if neither of these conditions is met,
then the behavior is deemed "Normal."

B. Predictive Modeling for Crowd Dynamics

A key capability of the proposed system is its predictive analytics,
which is designed to provide proactive insight into the emerging condi-

tions of crowds. And based on trend analysis methodologies in pedestrian
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responds to an increased probability of adverse events occurring

1
Ri = Pigy; X (ﬁ) X Fyeather,i X Fevent,i X Fyarrier; ===~ > (3)

Where, (Pindex,i) is the Pressure Index for area I as defined in earlier,
Si represents the Average Crowd Speed (2.5 units/second), since a lower
speed signifies higher risk. As well as very small constant, € (0.001) is
added to S i to ensure numerical stability by preventing division by zero.
Also, the final score is modulated by three dimensionless factors: The
Weather Factor (F
otherwise. The Event Factor (F__ ) as 1.3 for a major procession; and
the Barrier Factor (F

) as 1.2 if adverse conditions like rain else 1.0

weather, i

) as 1.5 if a barrier is present.Actual Behavior

barrier,i

Classification

3. The system classifies the observed crowd behavior within each area (i)
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into one of three distinct simplified categories: "Normal”,”Suspicious” or
«High Risk.» This rule-based classification facilitates rapid situational
comprehension and targeted alerting for operators. The classification is
determined by evaluating the Risk Degree (R)), the presence of a Barrier
(Barrier,), the Crowd Speed (S), and the Type of Event (Event,). Actu-
ally, the hierarchical logic for this classification is formally described in
Algorithm 1.



Du,J,Shu,C.W, & Wong, 2024) in Crowd Modeling, the basic concept has
been extended to meet the specific requirements by incorporating additional
critical factors, namely the effect of events (Fevent), and the effect of phys-
ical barriers (Fbarrier). The estimated pressure index (P, . .), which mea-
sures the effective impact of individuals on the local environment for each

area (1), is thus calculated according to Equ. (2):

V:
Pindex,i = (C_i + erand) . Fég'ien . Fgfn ......... (2)
Where, (P, , ) represents the Estimated Pressure Index, which corre-

index,

sponds to the value stored in the ‘Pressure’ column within the data, (Vi)
represents the visitor numbers, C1 is an empirical scaling constant (10,000)
for normalization, and Rirand is a random component introduced to simu-
late real world variability. The final value is modulated by a generation-spe-

cific Event Factor(F?; ")as 1.3 for a major procession, and a Barrier Factor

as 1.5 for a barrier. Hence, ( serves as a robust proxy for crowd pressure,
which is acknowledged that for a full-scale deployment, integrating di-
rectly measured Crowd Density (D) would be a critical enhancement for

achieving higher precision in risk assessment.

2. Risk Level (R))

To provide a comprehensive indicator of potential risk, a composite Risk
Level (R i) is defined for each area i. Inspired by foundational works in
multiscale crowd modeling (Bellomo, N, Bellouquid, A., & Knopoft, 2013),
and multi-agent system control (Gong, X., Herty, M., Piccoli, B., & Viscon-
ti, 2023), a tailored multiplicative risk model has been developed. As formu-
lated in Equ.(3), this model integrates crowd pressure (P, . ), the inverse of
crowd speed (1/S1), and a set of environmental factors as Fweather, Fevent,

Fbarrier to quantify the situational risk. Therefore, a higher value of R, cor-
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2. THE PROPOSED MODEL

This subsection provides precise definitions for the mathematical mod-
els and computational logic. These frameworks are fundamental for con-
verting observed data into actionable insights, thereby supporting effec-
tive crowd mobility management. For each presented formula, a clear
description is provided, alongside exact definitions for its variables and
relevant contextual details concerning its implementation within the sys-
tem, as in the following and shown in Figure 2 that presents a general

perspective of the proposed model for this study:

Conceptiel perspective of e proposed mode
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Figure :2 Conceptual perspective of the proposed model

A. Calculating crowd status measures and behavioral analysis

1. Crowd Pressure and Density Metrics

In the study of crowd dynamics, Crowd Density (D) (Kui, Q.,LiJ.,&
Zhang, n.d,2009) is a foundational metric, defined as the number of indi-

viduals (N) per unit area (A), as shown in Equ.(1):

N
D= N (individuals /m?) ... ... ... (1)

To assess crowd concentration within the constraints of the proposed
simulation data, an operational index was developed. This Estimated Pres-
sure Index (P_, ), which uses the Number of Visitors (V1 ) as an alternative

to the theoretical crowd density measure (D). Based on (Liang, H,Yang,L,
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In complex event environments data-driven approaches are increasing-
ly vital, a major challenge requires advanced analytical tools to ensure Pil-
grims safety, and improve emergency responses. This section outlines the
employed methodology in the design and development of the proposed
intelligent system. It presents basic theoretical concepts, mathematical
models, and system architecture in detail. The discussion also address-
es the specific methods applied in data handling, continuous risk analy-
sis, classification of evolving crowd behaviors, predictive modelling and
adaptive path planning. This comprehensive account forms the scientific
and technical basis of the system and supports its role in improving public

safety and improving crowd management.

1. Observed Dataset

The limitations about acquiring real dataset for this study compelled
us to generate a predetermined Artificial Dataset. The observed dataset
is composed of artificially generated .csv file of 18 columns and 5000
records (Shihab et al., 2025) as in Figure 1. A custom script, utilizing
the Pandas, NumPy, and random Python libraries, had been developed to
generate this dataset. The data generation process for record building was
guided by a set of procedural rules and heuristic formulas, designed to

simulate realistic scenarios.
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for predicting crowd behavior, aiming to mitigate overcrowding disasters
by forecasting secret organized groups of criminals (Mob) activity. The
method preprocesses input images to extract low-level features and gener-
ate density maps, which are then linearly mapped and quantified using the
MCNN algorithm. Evaluated on the ShanghaiTech dataset, this approach
demonstrates higher accuracy in crowd counting and density analysis
compared to existing methods, showing improved prediction capabilities
for abnormal crowd events. Eventually, table 1 summarizes the presented
related works that are mentioned in this section.

Crowd Existing of Summary Comparative The :()) Table
Techniques Management and Analysis

Author(s)
Research Objective Methodology Key Findings
& Year
Deep Reinforcement
Minimize travel DARP algorithm saves
Learning (DRL), Du-
time for pedestri- 52% time under con-
Geng et eling Deep Q Network
ans; dynamic route gestion compared to
al. (2020) (DQN), ARIMA for
planning; avoid the shortest path and
pedestrian flow, agent-
congestion. learns dynamic traffic.
based simulation.
Machine Learning,
Gradient Boosting
Classify crowd Achieved 87% accu-
Classifier (GBC),
density (moderate, racy, 93% precision,
structured feature ex-
Shah overcrowded, very 87% recall, 84%
traction (Edge Density,
(2024) dense) in Hajj vid- F1-score; 2.14% error
LBP texture, crowd
eo frames; provide rate. Effective for re-
area coverage), data
real-time alerts. al-time monitoring.

augmentation, class

balancing.



as the outbreak of infectious diseases and inadequate facilities, along with
solutions like tailored training for pilgrims and coordinated efforts among
stakeholders, ultimately guiding strategies to improve pilgrimsy welfare
and enhance event management. Another relevant contribution is present-
ed by (Hu, Y., Fang, Z., Zou, X., Zhong, H., & Wang, 2023) that proposed
anew two-phase tourist trip design problem with a crowd dynamics frame-
work (TTDP-CD) for dynamic and personalized route recommendations
in major cities. Its main innovation lies in integrating crowd dynamics in-
dicators—derived from mobile phone tracking data—into a multi-objec-
tive optimization model to reduce perceived congestion while increasing
attraction value and reducing travel distance. The improved non-dominat-
ed sorting genetic algorithm II (INSGA-II) was used to solve this com-
plex problem, demonstrating superior performance and solution quality
by reducing real-time congestion by 7% compared to previous methods.
To push the boundaries of realism and interpretability in crowd modeling,
(Chen,B,Guo,R,Zhang,Q,Zhao,Y,Wang,X,&Zhu,2025) introduces an in-
novative crowd simulation framework driven by data that combines Phys-
ics-informed Machine Learning (PIML) with navigation potential fields.
Its approach addresses the limitations of traditional rule-based models
in dealing with complex human behaviors and data-based approaches in
generalization and interpretability, by designing the PI-STGCN to predict
pedestrian movement trends under physical constraints. The performed
hybrid framework greatly enhances the accuracy and fidelity of simulated
crowd movements, outperforms baselines and improves interpretability
by leveraging the strengths of both deep learning and physical models. In
the pursuit of more accurate crowd behavior forecasting, (Bhardwaj, S.,
Dwivedi, A., Pandey, A., Perwej, D. Y., & Khan, 2023) proposes a novel
Multi Column Convolutional Neural Network (MCNN) based technique
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A notable example of recent advancements in intelligent routing is pre-
sented by (Geng, Y., Liu, E., Wang, R., Liu, Y., Rao, W., Feng, S., ... &
Chen, n.d.,2021), who propose a Dynamic Adjustable Route Planning
(DARP) algorithm based on Deep Reinforcement Learning (DRL) for pe-
destrians, which addresses the limitations of current methods that require
prior knowledge of the road network and face dynamic traffic congestion.
Their approach relies on a competitive deep Q network to enable the agent
to learn optimal paths by interacting with a dynamic virtual environment,
using an automatic time series model to predict pedestrian flow. So, it
allows the agent to adapt to real-time traffic, demonstrating a significant
travel time savings of 52% under congested conditions compared to tradi-
tional shortest path planning. While (Shah, 2024) proposes an ML model
to classify crowd density in real-time in Hajj video footage, addressing the
urgent need to identify moderate, crowded, and very dense crowd condi-
tions in a timely manner, rather than just detecting abnormal behavior. The
approach relies on an Integrated Gradient Boosting Classifier (GBC) with
structural features such as edge density, local binary pattern texture, and
crowd area coverage, in addition to data augmentation and class balancing
to achieve robustness. Thus, it achieves an accuracy rate of 87% with a low
error rate of 2.14%, enabling efficient crowd management and increased
safety during large events. In response to growing attention for dynamic
crowd analysis, (Moulaei, K., Bastaminejad, S., & Haghdoost, 2024) con-
ducted a comprehensive review to identify health issues, and facilitating
factors during the Arbaeen pilgrimage, to address a gap in the general
literature on this important event. Its methodology included a comprehen-
sive search in databases and a thematic classification of the extracted data,
revealing 61 distinct challenges and 40 facilitative measures. Hence, its

main contribution is a comprehensive understanding of health risks such



data analytics, as they provide predictive and analytical capabilities that
contribute to improving decision-making and directing crowds more ef-
ficiently towards shelter or exit areas, whether through traditional or al-
ternative methods (Soltani, A., Aram, M.,Alaeddini, F,& Marzaleh, 2021)
(Karampourian, A.,Ghomian,Z,& Khorasani-Zavareh,2018). Subsequent-
ly, this study is based on an artificial dataset that simulates reality for
assessing crowd dynamics, predicting future density, and measuring the
pressure level and risk at Arbaeen Pilgrims gathering areas, which may be
implemented using machine learning (ML) techniques. It also takes into
account the influence of environmental factors such as weather or phys-
ical obstacles. A particularly valuable aspect of the system is its ability
to classify crowd behavior into three categories: «normal,» «suspicious,»
and «high-risk,» based on flexible thresholds. This classification provides
real-time alerts supporting concerned parties to intervene early, and ad-
dress congestion or security problems quickly and effectively. As well as,

it suggests the optimal safety path for the Pilgrimage crowds.

To contextualize this study, several researches on crowd analysis have
been published over the past decade, reflecting an increasing interest in
handling large gatherings effectively. While some focus narrowly on spe-
cific subtopics such as crowd counting or behavior recognition, others
provide a broader examination of the field as a whole. This study synthe-
sizes the most significant contributions relevant to the Arbaeen Pilgrim-
age, one of the world largest annual religious gatherings, and explores
the potential of ML techniques for crowd movement analysis and dynam-
ic path suggestion in this context. Although direct research on Arbaeen
remains limited, insights from analogous large-scale events, such as the

Hajj pilgrimage, offer a foundation for addressing its unique challenges.
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The Arbaeen pilgrimage represents an exceptional humanitarian and
spiritual event, and is considered one of the most prominent religious
events and the largest human gatherings in the world. Every year, Iraqis
and millions of Pilgrims from countries around the world commemorate
this occasion by participating in huge processions on foot, covering vast
distances towards the holy city of Karbala, where the shrine of Imam Hus-
sein (peace be upon him) is located. This walk is considered a true embod-
iment of the deep values of loyalty and love associated with this occasion
(Bhardwaj,S,Dwivedi, A., Pandey,A,Perwej, D.Y, &Khan,2023)(Hashjin,
7.G,& Khanghahi, 2019). Naturally, organizing this global event requires
logistical and organizational tasks at the best levels of quality, as it pres-
ents huge collective efforts weeks in advance to ensure the success of this

major humanitarian event and its safe and smooth flow.

However, this widespread form of participation poses very complex
logistical and security challenges in terms of crowd management, as un-
precedented numbers of Pilgrimsinherently complicate the process of en-
suring smooth movement and achieving effective and continuous crowd
control (Choi, Y. W., & Eltahir, 2022). In addition, extreme heat or heavy
rainfall (unstable environmental factors) may affect the safety of Pilgrims
and significantly disrupt their movement dynamics. Also, to ensure opti-
mal safety and prevent potential threats in crowded environments, various
security measures should be applied. Crowd management and orientation
pose a complex challenge, especially given sudden changes in individu-
als behavior and surrounding conditions. Indeed, traditional methods are
often unable to respond quickly or predict potential risks, which limits
their effectiveness in sensitive situations. To overcome these limitations,

it is important to use smart systems based on artificial intelligence and



Effective crowd management is essential for maintaining public safety
during large-scale events. Traditional approaches often prove inadequate
in addressing real-time changes and the complex dynamics of high-density
crowds. This challenge is particularly evident during the Arbaeen pilgrim-
age in Karbala, Irag—one of the largest annual human gatherings—where
millions of pilgrims converge within confined areas. The absence of predic-
tive, data-driven systems to monitor and guide crowd movement increases
the risk of congestion, delays, and potential casualties. This study introduc-
es an intelligent framework that leverages machine learning and real-time
analytics to enhance crowd management efficiency. An artificially gener-
ated dataset was constructed to simulate real-world conditions, including
features such as visitor numbers, crowd pressure, average speed, environ-
mental conditions, and emergency events. The system calculates a dynamic
«risk degree» index, classifying areas into three behavior categories: Nor-
mal (73.7%), Suspicious (5.0%), and High Risk (21.2%)—enabling early
detection and intervention. To support strategic planning, a linear regression
model is employed to forecast trends in visitor numbers, pressure, and risk
levels. While the model effectively captures overall patterns, it is limited
in predicting abrupt fluctuations, underscoring the importance of real-time
data monitoring. For optimal path planning, Dijkstra’s algorithm is applied
with risk-weighted edge costs. The resulting smart route significantly out-
performs the traditional path in both safety and efficiency, with a total cost
of 11.18 compared to 85.70, and an average risk of 4.92 versus 8.26. An in-
teractive web-based dashboard supports visualization and decision-making

through real-time alerts, heatmaps, and exportable analytical tables.

Crowd Management, Predictive Risk Analysis, Route Opti-

mization, Crowd Behavior Modeling, Arbaeen Pilgrimage
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The CrowdGuard system represents an innovative and successful ap-
proach to enhancing the safety of pilgrims during the Arbaeen pilgrimage.
By integrating GPS tracking, QR-code identification, and crowdsourced
reporting, the system has proven to significantly increase the efficiency
and precision of lost-person search operations. Our quantitative results
demonstrate substantial improvements in response time, accuracy, and
success rate over traditional methods. The successful deployment of
CrowdGuard provides a scalable and dependable framework for manag-
ing crowd safety. Future work will focus on enhancing the system’s capa-

bilities further. Based on the evaluation, our roadmap includes:

- IoT Wearable Devices: Designing and integrating low-cost, wearable
tracking devices (e.g., bracelets) for high-risk individuals like children and
the elderly.

- Al-Powered Facial Recognition: Incorporating an Al-based facial recogni-
tion feature to automate and expedite the identification process from up-
loaded images.

Ultimately, the vision is to expand the application of CrowdGuard
beyond Arbaeen to other major public events, including the Hajj pil-
grimage and national celebrations, establishing it as a vital instrument

for public safety worldwide.
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tional approaches. Additionally, the system offers greater cost-efficiency

through low development and operational expenses, affirming its suit-

ability for large-scale, resource-limited deployments.

TABLE 1. Comparison of CrowdGuard with traditional methods

Metric CrowdGuard System | Traditional Methods Improvement
Average Loca- .
) ) Approximately 15
tion Identifica- ] 2 - 3 Hours ~90% reduction
) i minutes . .
tion Time In response time
Location Accu- Inaccurate (based on Significantly
+15 meters o . -
racy verbal description) higher precision
) Low development and | High labor and equip- | Greater cost-effi-
Operational Cost

maintenance cost

ment expenses

ciency




Quantitative Performance Metrics:

To provide rigorous empirical data as recommended by the evaluation,

the following performance metrics were recorded:

- Accuracy Rate: The system’s location tracking, using smartphone GPS,
demonstrated a high degree of accuracy, with the last known location
being identified with an average margin of error of = 15 meters based on
GPS accuracy.

- Time-to-Response: The average time taken from the submission of a miss-
ing person report to its appearance on the coordination map for search
teams was 45 seconds, a drastic reduction compared to the hours it can
take with traditional methods.

- Load Testing: Under simulated peak load conditions of 500 concurrent
visitors, the system maintained an average server response time of 3.1 sec-

onds, demonstrating its scalability and robustness.

The results of our evaluation confirm that CrowdGuard is a highly ef-
fective tool for improving public safety at large-scale events. The sys-
tem’s success can be attributed to the synergistic integration of modern

technologies to address a real-world problem.

Comparative Analysis:

A comparative analysis between the proposed CrowdGuard system
and conventional methods reveals significant operational and logistical
advantages. As summarized in Table 1, CrowdGuard reduces average
location identification time from 2—3 hours to 15 minutes, achieving a
90% faster response. It also improves search reliability with +15-meter

geolocation accuracy, surpassing the vague verbal descriptions of tradi-
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With the use of the system’s intuitive administration interface, managers
can keep tabs on staff activities, handle registered visitors, and track missing
person reports. The ability to examine missing reports in real time facilitates
effective search coordination. To ensure that pertinent information is captured
in a timely manner, administrators or staff members can file new missing per-
son reports. Additionally, the system offers a personnel overview, enabling
managers to keep an eye on their work and guarantee seamless operations
throughout events. In addition to updating the status of missing reports, ad-
ministrators may track search progress, verify identities, and view a list of
registered visitors. In addition to improving cooperation, this centralized sys-

tem guarantees a methodical and successful lost-person search strategy.

The CrowdGuard system was deployed and tested during the Arbaeen
pilgrimage to evaluate its real-world performance and effectiveness. The
evaluation focused on location accuracy, system responsiveness, and

user experience.

Qualitative Results:

Feedback gathered from pilgrims, volunteers, and authorities was over-
whelmingly positive. Users found the interface to be intuitive and easy to
use, particularly the bilingual support and the simplified reporting form.
The QR code scanning feature was highly appreciated for providing in-
stant access to a missing person’s details, which was deemed a significant
improvement over verbal description. The system remained stable and per-

formed reliably even during peak pilgrimage times with high user load.
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Figure.5 System login page

With the use of the system’s intuitive administration interface, manag-
ers can keep tabs on staff activities, handle registered visitors, and track
missing person reports. The ability to examine missing reports in real time
facilitates effective search coordination. To ensure that pertinent informa-
tion is captured in a timely manner, administrators or staff members can
file new missing person reports. Additionally, the system offers a person-
nel overview, enabling managers to keep an eye on their work and guar-
antee seamless operations throughout events. In addition to updating the
status of missing reports, administrators may track search progress, verify
identities, and view a list of registered visitors. In addition to improving
cooperation, this centralized system guarantees a methodical and success-

ful lost person search strategy. Figure.6 shows the system interfaces.
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Figure 4.Missing reporter page

CrowdGuard features a secure, role-based login system directing users

to tailored dashboards based on their role. Administrators access full sys-
tem controls for report management and system settings, while employees
have limited privileges for handling reports and assisting pilgrims. Visitors
can report missing persons without logging in but gain additional services
- like case tracking and notifications - when registered. This multi-tier
login structure enhances operational security, coordination, and efficiency
during the Arbaeen pilgrimage. Figure.5 shows both the system login page

for staff and administrators, and a dedicated visitor login interface.
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= Arbaeen Pilgrimage Crowd
Monitoring System &

The Arbaeen pilgrimage is one of the largest religious gatherings in the
world, where millions of visitors travel to Karbala to commemorate Imam

Hussain (peace be upon him).

Our system aims to monitor crowds, manage visitor movement, and provide

efficient mechanisms to report missing individuals during the pilgrimage.

B » Login 'Y Report Missing Person

® Change Language

Figure.3 The main page of Crowd Guard

The missing person reporting form in CrowdGuard is a simple, bi-
lingual tool accessible without requiring account creation. It collects es-
sential details name, age, gender, last seen time, and location improving
search accuracy. Users can manually input coordinates or select a location
via an integrated map tool. Each submission automatically generates a
unique QR code, enabling rapid status access for authorities and volun-
teers. The form features clear action buttons for submission, language
switching, and page navigation. Figure.4 displays the missing report sub-
mission page, highlighting its bilingual interface, location input feature,

and QR code integration for efficient case tracking.



Security Architecture:

To protect sensitive data, the system incorporates role-based access
control (RBAC), encrypted data storage, and personal data anonymiza-
tion measures, ensuring operational integrity and user privacy. The de-
velopment process involved system requirement analysis, iterative imple-
mentation, real-world deployment during Arbaeen 2024, and performance

evaluation under high-traffic conditions.

person cases during the Arbaeen pilgrimage. The backend handles
user roles, incident reports, and system logic, while the database ensures
structured, encrypted storage of sensitive data. Role-based access control
(RBAC) allows authorities, volunteers, and pilgrims to access specific
functions according to their privileges. The system integrates OpenStreet-
Map and Google Maps APIs for real-time visualization of missing person
locations. Each report includes personal and location details, displayed
dynamically on interactive maps to guide search teams. The frontend,
built with JavaScript and AJAX, ensures responsive, bilingual, and re-
al-time data updates without page reloads. Security measures include
input validation, encrypted storage, and secure authentication protocols.
Regular database optimization and backups enhance system reliability.
Figure.3 illustrates the main user interface of CrowdGuard, showcasing

the live reporting and interactive mapping features.
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U =

QR technology improves access speed and data security in crowded
environments) Durak et al.(2016),.

* Crowdsourced Reporting and Mapping :CrowdGuard integrates a
crowdsourced reporting mechanism ,with real-time incident mapping

for improved search coordination.
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dynamic incident mapping. While these technologies have individually
been applied in multiple domains, CrowdGuard’s novelty lies in integrat-
ing them into a unified, purpose-built system tailored for the unique oper-

ational context of the Arbaeen pilgrimage.

CrowdGuard was developed as a web-based lost person management
system to enhance search efficiency and coordination during large religious
gatherings like the Arbaeen pilgrimage. Figure.2 presents the class diagram

of the CrowdGuard system, depicting its main entities and their interactions.

Conceptual Foundations:

Human navigation relies on complex cognitive and perceptual process-
es, with spatial awareness heavily dependent on the hippocampus. Naviga-
tion strategies can be egocentric or allocentric, with implications for spatial

memory and crowd management system design (Clemenson et al., 2021).

Technology Stack:

side-server efficient for PHP in developed was backend s‘platform The
data user and reports structured managing database MySQL a with ,logic
and ,JavaScript ,CSS ,HTML combines frontend The .(2023 ,.al et Sotnik)

.nterfaces bilingual ,responsive for Bootstrap

Key Integrated Technologies:

* GPS-Based Geolocation :Real-time position tracking is achieved using
GPS coordinates ,displayed on live maps powered by OpenStreetMap
and Google Maps APIs) Grinberger et al ;2022 ,.Morton et al.(2021 ).

* QR Code-Based Identification :Each registered pilgrim receives a

unique QR code that links to their personal record and current status.
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Managing missing people in large gatherings has long been a logis-
tical and operational challenge, addressed through both traditional and

modern approaches.

1.Traditional Methods:

In most large-scale events, missing person reports are typically han-
dled via physical help booths or reporting centers. These reports are then
announced through loudspeakers or displayed on bulletin boards. While
straightforward, these methods suffer from critical limitations such as lan-
guage barriers, fragmented information, delays in dissemination, and the

absence of a centralized tracking system (bi3otTo et al., 2024).

2.Modern Technological Solutions:

Advancements in technology have opened up new avenues to over-

come these limitations:

Global Navigation Satellite Systems (GNSS): GNSS-based positioning
has revolutionized navigation systems, especially through the widespread
integration of GPS into smartphones and devices. Studies emphasize its
role in emergency and safety applications during mass gatherings (Mor-
ton et al., 2021; Zeng et al., 2018). QR Codes for Identification: Wide-
ly adopted in education and communication contexts, QR codes offer a
rapid, scannable identity management method, bridging the gap between
physical and digital information (Durak et al., 2016). Crowdsourced Map-
ping Platforms: OpenStreetMap (OSM), a collaborative mapping project
generating over 7.5 billion data points, has been effectively utilized in
humanitarian, socio-economic, and emergency applications (Grinberger

et al., 2022). Its open APIs have been leveraged in various systems for
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information exchange, and enhance search operations, thereby elevating
the safety and security of pilgrims throughout Arbaeen. Global Navigation
Satellite Systems (GNSS) have revolutionized navigation systems, allow-
ing vehicles to determine their own position without human intervention.
This has led to increased reliance on GNSS in everyday life, including
smartphones and vehicles. GNSS’s position fix is expected when a device
is turned on, and it is heavily used in systems like banking, communica-
tions, and power grids. The success of GNSS has led to the need to comple-
ment it with other sensors for situations where GNSS is unavailable (Mor-
ton et al., 2021). Millions of users worldwide rely on mobile navigation
services, including map applications and taxi sharing platforms, relying on
accurate GPS inputs. GPS systems also play a significant role in autono-
mous vehicles, impacting driving safety (Zeng et al., 2018). Figure.1 shows

the flowchart of sequence for Crowd Guard operations.

| INITIATEREPORT

A

ENTERDATA

SETLOCATION

7

SUBMITREPORT

GENERATEQRCODE
REALTIMEMAPPING

Figure.1 Principle flowchart of Crowd Guard
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The Arbaeen pilgrimage, a significant religious event in Karbala, Iraq,
attracts millions of people annually from across the globe. The sheer scale
of the crowd poses immense challenges to ensure the safety and security of
attendees, especially children, the elderly, and people with disabilities, who
are at a higher risk of becoming separated from their groups. The conven-
tional methods for locating missing people, which primarily rely on manual
search efforts and public announcements through loudspeakers, are often
time-consuming and lack precision, leading to distress for families and im-
mense pressure on security and volunteer teams. This inefficiency calls for
a centralized, technology-driven solution that can enhance the speed and
accuracy of search operations. In response to this need, we have developed
“CrowdGuard,” an advanced lost person locator system. CrowdGuard is a
web-based platform designed to modernize and optimize the search and
reunion process by integrating a suite of powerful technologies: real-time
GPS tracking, quick identification via QR codes, and community-powered
crowdsourced reporting. The pilgrimage to Karbala, a 13-century tradition,
is a significant religious event. Spirituality, a separate concept, is often mis-
understood and influenced by personal beliefs. Understanding the signifi-
cance of pilgrimages and their motives is crucial. Pilgrimage offers research
possibilities for cultural identity, continuity, and change, offering a re-ex-
amination of tradition and appropriation of phenomena (bi3orTo et al.,
2024). To improve the speed and precision of finding lost people, a central-
ized, technology-driven strategy is obviously required. To meet this de-
mand, CrowdGuard combines a number of technologies, such as crowd-
sourced reporting, QR-code-based identification, and geolocation
monitoring, to provide a thorough and effective lost-person management

system. The system is structured to deliver immediate updates, enable swift



The Arbaeen pilgrimage in Karbala, Iraq, is one of the world’s largest
annual gatherings, presenting significant logistical and safety challenges.
A primary concern is locating missing individuals, particularly vulnerable
people, where traditional methods like public announcements are often
slow and inefficient. This paper introduces CrowdGuard, an integrated
web-based platform designed to streamline the process of finding lost
people. The system leverages a scalable PHP and MySQL backend and
integrates GPS tracking for real-time location data, QR-code-based iden-
tification for rapid verification, and crowdsourced reporting to engage the
public in search efforts. The platform features a bilingual user interface
and uses OpenStreetMap and Google Maps APIs for dynamic mapping.
The system was tested during the Arbaeen pilgrimage. The evaluation
demonstrated high efficiency, with the system processing and displaying
new missing person reports in an average time of 45 seconds. It achieved
a high location accuracy of + 15 meters. CrowdGuard provides a robust,
scalable, and effective solution that significantly improves upon tradition-
al methods for managing lost person incidents in large-scale events. The
system’s success highlights its potential for deployment in other mass

gatherings to enhance public safety.

: Lost, Find, CrowdGuard, Person Locator, Arbacen Pil-

grimages.
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Increase the number of field hospitals and clinics to keep pace with the
annual growth in visitor numbers (6.1%), supported by intelligent sys-

tems for early detection of diseases and congestion management.

Training medical staff on advanced protocols for dealing with critical
cases, especially in light of the high mortality rate (7.36% per annum),
and enhancing the accuracy of predicting surgical operations using hy-

brid models (such as ARIMA-ANN).

. Implement mandatory vaccination campaigns against infectious diseas-

es, and create strategic medical warehouses to adapt to sudden fluctua-

tions (as happened during the covid-19 pandemic).

Connect health facilities to a centralized network to collect data in real
time, to analyze patterns and improve forecasts (especially for volatile

variables such as visitor numbers).

Take advantage of the accuracy of the HR forecasting model (MAPE =
8%) and apply it to other indicators (such as mortality and surgeries),
while increasing investment in the training of medical personnel to en-

sure stability.



. Population Increase and Medical Services: The 6.1% population growth,
including that of Local as well Foreign/Arab patient arrivals, is com-
pounding year-by-year the demand on the healthcare infrastructure de-
spite a 9.6% annual increase in healthcare (medical) manpower which is

grossly inadequate.

. Health Issues: As mortality rates increased by 7.36% per annum, there
is room for quality of care in emergency to be enhanced. Surgical proce-
dure predictions were marginally less accurate (MAPE = 23.7%) due to

its non-linear nature.

. Model: Double exponential smoothing showed good predictive power
on HR resources (MAPE = 8%) but poor one for volatile features as the
number of surgeries. Reliability of prediction was influenced by outliers

(MSD = 3.57).

. Exogenous Events: The COVID-19 crisis (2020) revealed weakness-
es in health care provision, however seasonal changes dramatically al-

tered attendance patterns and service utilization.
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baeen journey, while improved data collection is precisely recommended

for mortality and surgical metrics to improve predictive accuracy given

their high variability and critical public health implications.

Smoothing Plot for ,slg<JI
Double Exponential Method

22000

20000

18000 o | smootning Canstants

s lew) 08
16000 Viwend) 02

ol

14000 =

3
M 1371325
12000

10000 7/

007 208 2019 2020 02 2022 202

]
Figure (7) presents the time-series plot of human
resources data generated through the double
exponential smoothing method.
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Figure (6) presents the time-series plot of local visitors
data generated through the double exponential
smoothing method
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Figure (9) presents the time-series plot of deaths

data generated through the double exponential
smoothing method
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Figure(8) presents the time-series plot of surgical
procedures data generated through double
exponential smoothing method

The results of the analysis show that the performance of the double
exponential smoothing model was different in forecasting the four indi-
cators of the Arbaeen pilgrimage. Human resource needs were accurately
forecasted by the model (MAPE = 8%), amid which local visitor inflows,
with lower accuracy (MAPE = 10.67%), and mortality rates (MAPE =
12.63%), showed lower performance and again predictive surgery items
(MAPE = 12.63%) were poorly predicted.



potentially anomalous data points, or abrupt departures from their his-
torical patterns, as seen in the double exponential smoothing forecasts in

Table 5 for local tourists, human resources, surgeries, and mortality.

In general, MSD: alerts to the presence of serious fluctuations that require
exceptional preparations (such as the provision of additional medical sup-
plies), MAD: helps measure the daily performance of the model and make
.decisions such as increasing the number of doctors in peak seasons

Table (5) presents the forecasted values derived from the double exponential smoothing
method for the following variables: Local visitors, Human resources, Surgical
procedures & Mortality rates

Indicator Period Forecast Lower Limit Upper Limit
2024 19,250,559 15,552,520 22,948,598
Local visitor’s
2025 20,281,921 15,320,480 25,243,361
2024 16,716.9 14,374.8 19,059.0
Human Resources
2025 17,646.2 14,504.0 20,788.4
2024 1,040.74 718.276 1,363.21
Surgeries
2025 1,142.30 709.668 1,574.94
2024 246.644 183.467 309.822
Deaths
2025 259.588 174.826 344.350

The forecast results show projected increment across all key indica-
tors: local visitors are predictable to rise from 19.25 million (2024) to
20.28 million (2025) with widening confidence intervals (22.9-25.2 mil-
lion upper bounds), human resources from 16,700 to 17,600 (potential
upper limit of 20,800), surgical procedures from 1,041 to 1,142 (433
operations variability), and mortality rates from 247 to 260 cases (upper
bound reaching 344). In general, it showed upward trends but with signif-
icant uncertainty - particularly for 2025 projections - that needs enhanced
infrastructure, real-time data monitoring, and emergency preparedness to

address potential logistical challenges and healthcare loads during the Ar-
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trends time of the Arbaeen pilgrimage associated core variables of the
Islamic TheFigure 4 graph represents patterning over the temporal 57
_glorified 59 variables theco 61 63 word the ofOutputs encontrados
nest estudio de correlacion autorrelaciones. Increased variation in the pat-
tern is seen below1, especially around the 2-3rd quarter of each year. “
>Figure (3) (Human Resources): Suggests that visitor numbers may have
a proportional response. Fig (4).Surgical procedures Summary of peak
times Associated with a possible mass gathering event. Figure (5) (Mor-
tality Rates): Shows temporal fluctuations that may require further analy-

sis with respect to medical service and logistical contributors.

5. Double Exponential Smoothing Method:

Table (4) presents the goodness-of-fit metrics for the double exponential smoothing
method with smoothing parameters (a = 0.8, y = 0.2).

Local visitor’s Human Resources Surgeries Deaths
MAPE 1.06651E+01 8 23.7 12.63
MAD 1.50943E+06 956 131.6 25.79
MSD 3.57097E+12 1371325 24830.3 1450.62

Limitations of the model A visual inspection and an evaluation of the
model using the MSE showed that the forecasting accuracy of the select-
ed indicators varies significantly: human resources (MAPE = 8%) and
mortality (MAPE = 12.63%) and the level was acceptable (Fig 5), but less
satisfactory accuracy was observed for local tourists (MAPE = 10.67%)
and surgeries (MAPE = 23.7%), with very high MAD (1.5 million) and
MSD (3.57 trillion) values registered in the case of tourist data, indicating
high baseline variability and potential influence of outliers; possibly op-
timal performance in the case of stable (e.g.mortality, human resources)
compared to more volatile (e.g.visitors, surgeries) indicators, relative to

elevated and consistent MSD values across selected indicators, indicating
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There was a significant trend of health indicators over time during the
Arbaeen procession using the standardized index analysis (2017 baseline
at 100%). Local attendance had the highest increase (118.14% in 2018
and up to 2023) and mortality rates also displayed an alarming increas-
ing tendency (7.36% CAGR). The COVID-19 pandemic (2020-2021) led
to substantial decrease in births (-14.8% from the baseline) and surgical
volumes (-17.6%), but subsequent recovery surpassed the baseline, and
by 2023 was 203.3% and 186.7% of baseline, respectively.

Linear regression revealed significant trends (p<0.05) in a number
of key variables such as number of HCWs ($=0.92, p=0.002), deaths
(B=1.12, p=0.018) and local visitors (f=1.45, p<0.001), whereas hospital
infrastructure remained unchanged (=0.08, p=0.899). These results re-
flect both the adaptability of pilgrimage healthcare systems and ongoing
challenges in mortality management, and indicate the need for focus on

capacity for emergency care as an intervention.

4.Forecast:

In this work, we emphasized significant statistical factors—local visi-
tors, HR, MR, and SP—that presented a real and statistically significant
influence on the model or phenomenon studied. That means that these
variables are correlated in a statistically significant manner, instead of

by chance or random error, as is shown by specific statistical tests.

Data were collected and analyzed using Minitab statistical software
and data available within the parameters of Annual Statistical Report
(2017-2023) that had been used for forecasting of participation in the

Arbaeen pilgrimage. The main results are as follows:
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3. Record numbers

Table (3) presents the standardized indices for health-related variables during the

Arbaeen pilgrimage.
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The significant increase in the number of visitors (Arabs, foreigners,
and locals) reflects how the reputation of the healthcare system has im-

proved, and it encourages medical tourism and benefits the local economy.

Annual growth rate (%)
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Variants of the health aspect

Figure (1) illustrates the annual growth rates.

As we see in the above figure, the most annual growth was for medical
consultations because of the more tourists we had in 2023 than 2017.
In contrast, there were monthly and annual 0% of hospitals growths for
hospitals, since the count of hospitals remained unchanged throughout
the nine-month study period. For the other study variables, the annual
changes ranged from 0.808% to 12.55%.
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2.Annual growth rates:

50

Table 2: Annual Growth Rates (%)

TE i Annual Growth

Rates (%)

Local Visitors 12804840 18266259 6.099314

Arab/Foreign Visitors 2580160 4012091 7.635126

Births 768 806 0.808148

Deaths 143 219 7.362186

Surgeries 480 976 12.55586

Clinics 76 88 2.473487

Consultations 44114 1640988 82.70685

Human Resources 9230 16000 9.602312
Hospitals 8 8 0

Table shows that there is great progress in healthcare system in 2023
compared to 2017. The growth of manpower from 9,230 in 2014-15 to
16,000 shows commitment to building highly skilled manpower, which
is vital for improving quality in healthcare delivery.” The huge increases
in episodic care (from 44,114 to 1,640,988) reflects huge improvements
in healthcare penetration, which suggests that they have been responding
well to the needs of the people. In addition, the increase of surgeries (480
to 976) implies there is an advanced surgical capability which can deliver

advanced health care.

Nonetheless, and despite the improvement, the fact that mortality rates
rose (from 143 to 219 cases) indicates persistent structurals problems in
healthcare quality which must be reviewed at all levels to find out their
root causes. Chronic static number of hospitals (8) emphasizes the need
for such an infrastructure to quickly grow to provide services that are in-

creasingly in demand.



Table 1: Arbaeen Pilgrimage and Health Variables (2017-2023)

were gathered from the Annual Statistical Report of Al-Arbaeen Pilgrim-

age during the period 2017-2023as shown in Table (1):

operations, all medical consultations,including medical clinics, manpow-
er, the number of medical consultations, and hospitals). These statistics
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C. Mean Squared Deviation (MSD)

MSD is used as a measure of predictive model accuracy. The smaller
the MSD value, the closer the estimated values from the model to the true

observations in the time series.

Where: yt = Actual observed value, y"t = Predicted value, n = Number

of observations.

The best predicting model is chosen based on the one with the mini-
mum Mean Square Error (MSE) value in (Shrook A.S et al.,2021), (Arm-
strong & Collopy 1992).

Forecasting is a prediction about future based on the past and the pres-
ent. It is important in the process of planning and forecasting and in mak-
ing certain assumptions about future events based on related statistical
procedures (Hanke & Wichern, 2008).

It is estimating the future size of a phenomenon while controlling the
primary variables. It plays a crucial and distinguished role in the process of
decision making. Forecasts, at heart, are a trip through time to the future—a
thoughtful speculation about how a series of natural events and intellectual
calculations lead one way or another. In other words, it is reckoning back-
ward from the future through the present (Wheelwright & Hyndman, 1998).

- Practical Application:
1. Data Description

Extensive information was gathered for local, Arab, and foreign atten-

dances, as well as health variables (birth and mortality rates,all surgical
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- Model evaluation metrics:

Three key accuracy measures:

A. Mean Absolute Percentage Error (MAPE)

MAPE is a relative error measure which calculates the average abso-
lute percentage error between predicted and actual values irrespective of
the direction of the error. It allows for scale-invariant comparisons, and is
formulated as an easy-to-understand percentage error. But it has its lim-
itations, namely, a potential loss of the signal since negative and positive
errors cancel each other out, undefined results when the ground truth is
zero, and an asymmetric penalty for under- and over-predictions. Values
close to 0% correspond to higher forecasting accuracy (Hyndman and
Koehler, 2006),( Enad et al.,2024)

1

MAPE = -¥7_, x100%

Ye—It
¢

where: Yt = Actual value, Yt = Predicted value, n = Observations

B. Mean Absolute Deviation (MAD)

MAD is a positive measure that turns the negative differences into posi-
tive on the basis that negative differences may lead to incorrect results. It is
the average of the absolute deviations of our estimates from our actuals, so
it’s also used to measure how far off forecasts are. MAD is however deter-

mined relative to the scale of the data series and cannot be used universally.
Formula: MAD = % t=1lye — 9l

Where: yt = Actual value, y"t = Predicted value, n = Number of obser-

vations
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Statistics measures relative changes in phenomena over time by refer-

ence to a base period (Box, Jenkins, & Reinsel, 2015).

1.The significance of standardized indices:

- State the changes in terms of percentage compared to the base period.

- Cross-temporal trend comparison should be permitted.

- Crucial for economic (e.g., price indices) and social studies.

2.Simple Standardized Index Expression:

46

Formula: Index = (Current Period Value / Base Period Value) x100

Example: If the number of visitors in 2023 = 1.5 million and the base
year (2022) = 1 million, then: Index= (1.5 million / 1 million) x100=150.

This indicates a 50% increase compared to the base year.

These indices are powerful for evaluating long-term trends and policy
efficacy, especially in large-scale events like the Arbaeen pilgrimage (Ab-
dul-Wahab, Ali, 2015).

This can be regarded as a nonlinear regression model of the form:
Yt=DBo X (t)

To make this a linear regression model, we take the natural logarithm
(In) of both sides:

InY=InBo+BlInt

The transformed equation has thus become: In Y=0+B1Int which
is now a simple linear regression equation.

where B0 =InBO0 (intercept), 1=B1 (slope, elasticity in log-log model.
(Shrook A.S et al.,2021)



A measure for how much something has grown or shrunk compared to
a previous year (such as visitor numbers, sales or GDP) that is expressed
as a percentage. It is used by researchers and consultants in economic
analysis, strategic planning and trend analysis, such as the Arbaeen pil-
grimage data analysis (Abdul-Hayy, Mohamed Sabri, 2018).

1.Compounded Annual Growth Rate (CAGR):

It is a simple percentage used to represent an investment’s annual growth
over a period of one or more years.A statistical tool for estimating an aver-
age yearly percent change in a variable (e.g., sales, number of visitors,
amount invested) over a period of several years, which assumes cumulative
percent change rather than a series of small yearly changes (Box, Jenkins, &

Reinsel,2015), (Abdul-Wahab, Ali,2015). Its mathematical formula is:

1
Final Year Value )ﬁ

CAGR = (Initial Year Value

Then you multiply the sum by 100 to get the percentage

where \ n = number of years.

2.Significance of Growth Rates in Analysis:

- Trend Identification:
* Positive growth: Growing trend (e.g. more and more visitors).
* Negative growth: Decreasing trend (e.g., decreasing of mortality rates).
* Temporal Comparisons
* Growth in visitors from 2017 to 2023.
* Analysing what effect increasing the level of service has on the num-

ber of visitors.



5- Proper Nutrition:

- Only eat food from reliable sources and refrain from eating raw or con-
taminated food.

- Only drink bottled or boiled water to be on the safe side.

6- Preventing Heat Exposure:

- Clothing Suitable headgear protective (e.g. cap, hat, etc.)

- Long-sleeved, breathable top and long pants

- Comfortable clothing, e.g. a T-shirt or a short-sleeved shirt that covers the
shoulders/throat

- Sunbathing in a Karama or similar long-sleeved cloth Soft, non-gripping,
breathable clothing No exposure to the sun.

- Stay Hydrated: make sure drink enough water to avoid dehyrdration.

7- Mental Health Support:

Offer counseling and other psychological services to help pilgrims

manage stress caused by large crowds.

8- Ensuring Safe Transportation:

Take neAt and cleanfolks on safe voyages, and avoid overcrowded

hours, to travel at nonpanicky times.
9- Awareness Campaigns:
(Iraqi Red Crescent, 2022):

- Carry out awareness-raising activities among pilgrims on good hygiene
and on prevention of diseases.

- Using leaflets that will be distributed at entry points.
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7. Psychiatric disorders: such as anxiety and depression because of the

psychological stress of the pilgrimage and crowds of people.

8. Non-Disease Injury: e.g., fractures or wounds precipitated by over-crowd-

ing or mishap during travel.

It is important to take preventive action in reducing these risks and

protecting the public (Iraqi Ministry of Health,2021).

1- Personal hygiene:
(Al-Hussain Holy Shrine - Health Affairs Department, 2023; Univer-
sity of Basra - College of Medicine, 2021):

- Wash hands frequently with soap and water, particularly before eating and
after using public facilities.
- Use an alcohol-based hand sanitizer if soap and water are not available.
2- Avoiding Overcrowding:
Limit crowds and find open air and less congested areas to reduce the

chance of getting respiratory diseases.

3- Health Care Delivery:
(The Iraqi Journal of Preventive Medicine, 2023):Set up field hospi-

tals to provide instant relief to the pilgrims and ensure the supply of nec-

essary medication and medical equipment.

4- Vaccines:

(Mayo Clinic, 2023):Make sure pilgrims are vaccinated with appro-

priate vaccines like those against influenza and typhoid before traveling.
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Research Objective:

42

This study aims to observe the health aspects of the Arbaeen pilgrim-

age by analyzing key indicators and temporal trends (2017-2023), focus-

ing on:

. Trend Analysis: Assessing visitor numbers and associated health issues

during the visit.

Service Assessment: Determining the effectiveness of medical services

and healthcare services provided to visitors

. Respiratory pathogens:like the common cold and flu, spread so easily in

jam-packed, close quarters.

Water and Food Borne diseases: Such as Typhoid fever and food poison-
ing from contaminated food sources. Other reports also caution against
the risks of hemorrhagic fever, and the need for measures to prevent its

occurrence.

Infections of the skin: Skin conditions such as dermatitis and scabies,
often worsened by overcrowding and lack of hygiene (Model Newspa-
per, 2022).

Heat Stress: Prolonged exposure to high temperatures causing dehydra-

tion and fainting.

Digestive Disorders: Such as diarrhea and gastritis due to eating under-

cooked or spoiled food.

Cardiac Complications: Underlying cardiac disease can be exacerbated

by trauma and emotional stress.



Challenges At the same time, the Arbaeen pilgrimage faces challenges
on the order of overcrowding and the effects of the COVID-19 pandemic,
which affected planning during the past several years. Nevertheless, the
authorities are putting great efforts in place to protect guests and intro-

duce preventive medical care (Iraqi Ministry of Health,2021).

Research Problem:

The Arbaeen pilgrimage faces important challenges related to health-
care services and infrastructure, particularly with the increasing number
of visitors. The core question lies in ensuring adequate and well-organized
healthcare provision during the journey, alongside addressing possible ris-
es in mortality rates or health complications. These challenges require a
thorough analysis of available data to identify strengths and weaknesses

in the services provided.

Significance of the Arbaeen Pilgrimage:

1. Commemorating Imam Hussein: The Arbaeen visit serves as an occa-
sion to reaffirm adherence to the principles of Imam Hussein, a symbol

of resistance against cruelty and oppression.

2. Unity and Solidarity: The pilgrimage brings together Muslims of differ-
ent nationalities and cultures, raising social cohesion and strengthening

the unity of the Islamic community.

3. Spiritual Dimension: It offers visitors a chance for reflection and con-
sideration on the meanings of sacrifice and execution, enriching their

spiritual lives.

4. Health Aspects: Despite health encounters such as disease outbreaks due

to overcrowding, important efforts are made to enhance healthcare
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Arbaeen pilgrimage is a key religious ceremony in which millions of
Muslim pilgrims from around the world to travel to the city of Karbala
in honor of the martyrdom of Imam Hussein. This journey represents al-
legiance and commitment to Imam Hussein, who gave his life standing

firm for justice and truth.

Arbaeen is one of the most magnificent religious events across the
world, where people from various ethnicity and race. It consist a massive
movement beyond the religious borders, for social, economic, and health

issues as well.

From a medical standpoint, the pilgrimage is a huge burden for health-
care providers and systems. The huge number of visitors needs fast
and efficient health care to protect them. It is known that overcrowding
leads to adverse health outcomes, including contagion of infectious dis-

eases and injury.

The mortality may also increase among pilgrims with chronic illness
or who are in the need of complex care. Extreme temperatures, like heat,

also compound health risks and induce heat stress.

To tackle these challenges, comprehensive strategies are needed, such
as enhanced medical infrastructure, adequate medical care provided and
educational campaigns on personal hygiene and the importance of vacci-
nations”, says the scientist. It is important to study the information based
on the visitors’ data and interpret for the health trend and potential areas

of improvement.

Also, strong public and health collaboration is essential for integrated
service provision. Making healthcare better during this pilgrimage will
lead to a better pilgrim experience and a safer place, which will in turn

affect the surrounding population.



In the present study, we concentrated on the public health aspects
of Ziyarat al-Arba’een, for the last 7 years (2017 - 2023), and the data
were obtained from the Karbala Center for Studies and Research, part of
the holy Al-Hussain Shrine. In this report, we had two goals. First was to
explore the annual growth rate of different pilgrimage-related outcomes
such as: number of years, local visitors, Arab and non-Arab visitors, new-
borns, dead, operations, medical camps, outpatient services, human re-
sources and hospitals. Secondly, to forecast the important factors related
to the Ziyarat al-Arba’een through double exponential smoothing time se-

ries techniques. Data was processed with the statistical package Minitab.

Our findings demonstrated for one, a significantrise in local, Arab, and
non-Arab visitors, and this boost in religious tourism will have a positive
effect for the local economy. In the second place, medical consultations
increased greatly and this implies a high level of accessibility to medi-
cal attention, proving to be an apt response to the community demands.
Thirdly, p-value results from the linear regression on the ranking about
the numbers of human resource, death, local visitor, and surgery clear-
ly showed statistical significance, which means the meaningful trends or

changes of the aspects during a certain period.

Predictive analysis in our study revealed main variables during the
next 2 years, with local visitors, death rate, number of surgeries, and hu-

man resources showing the most significant trends.

: Visit the fortieth, Health variables, Annual rate, Record

numbers, Forecasting.
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From numerical and graphical illustrations, TETLE is the best distri-
bution, and the three-parameter extended versions (BE, EGE, and WE) of
the E distribution fit better than the one-parameter E distribution. There-
fore, the most significant and pertinent statistical properties of the Asian
visitors’ rate can be derived from the statistical features of the TETLE

distribution.

This paper concerned with finding a suitable statistical distribution for
the data related to the occurrence of an important events, namely the ar-
baeen pilgrimage to Imam Hussein (PBUH), due to its profound spiritual
and religious atmosphere, from which believers derive tremendous moral
energy, filled with the pleasure of worship, the sweetness of faith, and the
purification and refinement of the soul. This is achieved by striving, not
for the sake of this world, but rather for the struggle of the soul, which is
the greatest struggle, as the Messenger of Allah (may Allah bless him and
his family and grant them peace) called it. Five probability distributions
are employed to model the data of Asian tourists who came to Karbala to
participate in the arbaeen pilgrimage ceremonies. The ML method is used
to estimate the three parameters of TETLE, BE, EGE, WE, and one-pa-
rameter E. Numerous statistical measures are used to select the best-fitted
distribution. According to the results, TETLE distribution is the best fit,
and the WE distribution is the second. Third and fourth orders, respec-
tively, were filled by the extended distributions BE and EGE. Thus, the
importance of the extended versions of the exponential distribution is con-
firmed, which have greatly contributed to increasing its flexibility com-
pared to its traditional version. For future studies, the TETLE distribution

may be applied to other arbaeen pilgrimage data.
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Table 2. ML estimates and negative estimated log-likelihood function

KS
Dist. A CA B HQ
p-value
TETLE -33.0769 -32.0769 -29.0802 -31.8550 0.6383
BE -16.2761 -15.2761 -12.2795 -15.0543 0.0691
EGE -15.1454 -14.1454 -11.1488 -13.9236 0.0435
WE -33.0377 -32.0377 -9.04108 -31.8158 0.6357
E 130.8045 130.9583 132.1367 131.2117 1.56e-12
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The outcomes of Table 2 indicate that the TETLE has the lowest values of

all information criteria and the largest p-values compared to other competi-

tive distributions, making it the most appropriate distribution to represent the

considered data.

Furthermore, the probability-probability (P-P) plots in Figure 2 show how

well the considered probability distributions fit the Asian visitors’ rate data.




The visitor numbers in 2024 within 28 countries, available in Statistical

Bulletin / Arbaeen Pilgrimage / Karbala Center for Studies and Research, are:

“77427, 960, 19, 37667, 31, 458, 13967, 3157795, 834, 16428, 22902,
110, 1644, 63272, 377, 29430, 8279, 583, 176, 63, 74, 252, 67, 2144, 97,
38, 11220, 117.

The TETLE, BE, EGE, WE, and E parameters are estimated under the
ML method, and all numerical results are performed using the common

statistical software R.

In Table 1, the ML estimates and the negative estimated NLL function
(—A4), corresponding to each distribution are listed.

Based on the obtained (—A),, the values of four statistical information
criteria: A, CA, B, and HQ corresponding to each considered distribution

are calculated and shown in Table 2.

Table 1. ML estimates and negative estimated log-likelihood function

Dist. i a 6 -A
TETLE 6.6074293 0.3233866 0.0090455 -19.53845
BE 0.1637833 53711278 0.0089323 -11.13806
EGE 0.3386432 0.1570403 0.1551506 -10.57274
WE 0.3057558 0.0660267 0.3868847 -19.51885
E 0.2725101 - - 64.40223
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where n: sample size,m: number of parameters to be estimated.

The distribution with smaller values of these information measures is
preferred for modeling data, see Alizadeh et al., 2018. Further, as a good-
ness of fit test, the Kolmogorov-Smirnov (KS) test is considered for test-

ing the hypothesis H, vs.H,, where
H,: The data follow the specified distribution with the CDF, F(x).
H,: The data do not follow the specified distribution with the CDF, F(x).
The KS test statistics can be computed for the specified distribution by
The KS test statistics can be computed for the specified distribution by

D = max { %—F(x(i))|,|F(x(i)) —?H where F(x) is the CDF of

1<isn

the ascending ordered observations, see equations and (1) and (4).

The higher KS p-values indicate a better fit model, see Alizadehet al., 2018.

In this section, a dataset of Asian tourists who traveled to Karbala to take
part in the arbaeen pilgrimage ceremonies has been modeled using the TE-
TLE distribution. The traditional E distribution, along with three-parameter

BE, EGE, and WE, are included to expand the comparison process.

Given the importance of using continuous data to ensure consistency
with the type of approved distributions, visitor rates for the year 2024 per
100 visitors are adopted, which are calculated based on data from the an-
nual statistical bulletin related to the previous two years, 2023 and 2024,
given that the total number of Asian visitors was 3261940 and 3446325,
respectively.
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After taking the derivative of (8) concerning the relevant parameters, the
ML estimates of A,a, and 6 can be obtained numerically, i.e., by solving the

three nonlinear differential equationsTETLE) 2%EfLE = o, 28LETLE — @,

oA
and Z8TETLE _ ).

The numerical technique is needed because the ML estimators are not in

closed form.

The NLL corresponding to the E distribution can be obtained from (5) as:
Ap=nln(1) -1 ) x;
)

Mg

After taking the derivative of (9) concerning the parameter A, i.e. 1

ML estimate of A (1) can be obtained directly by solving . Thus, where

3. Statistical Measures

For the evaluation process, the following common statistical informa-
tion criteria are employed (see Al-Noor & Hilal, 2021) with the negative
estimated NLL function evaluated at ML estimates (—A4).,

Akaike: A = 2m — 2A ;

2nm

Consistent Akaike: CA = ————2A;

Hannan and Quinn: HQ = 2mIn(In(n)) — 24 ; and

Bayesian: B = mIn(n) — 24,
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The TETLE distribution includes adding two extra parameters, one of
which is a shape and the other is a scale, to the baseline one-scale parame-

ter E distribution, whose essential functions CDF, PDF, and HF are given

respectively by.
FxX)p=1—-e*;x>0,1>0 4)
f)p = Ae™™ Q)
and H()p = 2 ©)

2. Parameter Estimation
The maximum likelihood (ML) methodology is the most often used
parameter estimation method due to its desirable features such as consis-
tency, asymptotic efficiency, and invariance, see Dey et al., 2019 and Afi-
fy et al., 2024. Accordingly, the ML method is considered here to estimate

the unknown parameters of the considered distributions.

Let x1,x2,...,xn be a random sample of size n from the distribution
with PDF f(x;B), where B represents the general vector of the unknown
parameter(s). The natural logarithm likelihood (NLL) function is.

A=1nL(x1, X, ., Xni B) = Tty In £ (x5 B) )

The ML estimates (g) of B determined by the values of 3 that
maximize(7)with respect to f.

Now, the NLL corresponding to the TETLE distribution can be
obtained from (2) as:
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1. Model Description

The cumulative distribution function (CDF), probability density func-
tion (PDF), and hazard function (HF) for a random variable related to the
three-parameter TETLE distribution are given by (Al-Noor & Hilal, 2021)

1 —20x\%
F(x)TETLE = 1——6_/1(1 - e_l(l_e ¢ ) ) ; X > 0, A, a, 9 > 0 (1)
2Aab —200\@ _
f(x)TETLE — o7 e—29xe—/1(1—e 20 ) (1 _ e—ZGx)a 1 (2)
and .
22a0 e—ZGxe—/l(l—e'zgx) (1 _ e—ZGx)a_l
H)rpre = 3)

e-A(1-e~261)* _ 3

where A and 0 are scale parameters and o represents the shape parameter.

Some possible shapes of the TETLE PDF are displayed in Figure 1.

™
g
— 1=1.30, 2=2.20, 6=0.80
N — 1=3.10, z=0.80, =1.10
o 1=0.03, ¢=8.30, 6=0.98
a — }=3.00, =100, 6=3.00
z 1=1.00, ¢=3.00, 6=1.00
X - — =100, =500, =102
= \ \ 1=0.01, 0=2.05, 8=0.50
=
3 -

0.0

Figure 1. TETLE PDF with different parameter’s values
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limits its use for some recent real-life applications. Because of this restric-
tion, researchers have the chance to improve this distribution in a number
of ways to increase its adaptability through constructing new extensions
or generalizations. As a result, when more flexible distributions are need-

ed, researchers use the new extension.

In the literature, based on employing the E distribution as a base-
line, numerous extensions/generalizations related to different generator
(G) families of probability distributions are introduced, including beta
exponential (BE), exponentiated generalized exponential (EGE), and
Weibull exponential (WE), that respectively related to the beta-G (Eu-
gene et al., 2002), exponentiated generalized-G (Cordeiro et al., 2013),
and Weibull-G (Bourguignon et al., 2014).

On the other side, truncated distributions are also a key research topic
in both theoretical and applied contexts. It arises in problems of prob-
abilistic modeling in various areas. Recently, the truncated exponential
Topp-Leone exponential (TETLE) distribution was introduced by Al-
Noor & Hilal, 2021 as a sub-model of the flexible truncated exponential
Topp-Leone-G family. For more details about various truncated versions
related to different distributions, see Matsushita et al., 2023; Al-Noor &
Hadi, 2021; Almarashi et al., 2020; and Aldahlan et al., 2020. The ex-
tension versions of exponential distribution are characterized by the fact
that their density and hazard functions take different shapes, unlike the
exponential distribution. This reflects the fact that these distributions are
more flexible in handling data in some recent applications. The following
sub-section will shed light on the essential statistical functions of the TE-
TLE distribution.



Many studies have focused on the historical review of the arbaeen pil-
grimage, the reasons for its emergence, its importance and its impact as
a civilizational and global starting point, in addition to documenting the
epic journey of the family of Imam Hussein (PBUH) from Medina to
Karbala, then to Kufa and Damascus, arriving at the return to Karbala and
many others. In this regard, the interested can review (Al-Jumaili, 2023;
Al-Muhanna, 2023; and Shams al-Din, 2023) at https://www.c-karbala.
com/, among the series publications of the Karbala Center for Studies
and Research of the Holy Shrine of Imam Hussein (PBUH), which gives

special attention to the arbaeen million-person march.

Given the importance of this event, using a statistical model to address
its numerical indications has become imperative. Consequently, the cur-
rent paper focuses on employing five statistical distributions to represent
the rate of Asian visitors arriving in the holy city of Karbala to participate
in the arbaeen pilgrimage rituals. The best-fitted distribution can then be
used to extrapolate the most significant relevant statistical properties. The
rest of the paper is organized as follows. Section 2 constructs the method-
ology. Sections 3 and 4 conduct the practical application and analyze the

results. Section 5 presents the conclusions and direction for future studies.

Statistical distributions are used to model data and examine its key fea-
tures. Making decisions and drawing conclusions can be aided by useful
information that is produced by an appropriate distribution. One of the
most important distributions is the traditional exponential (E) distribution
that has been used in various fields to match life data. The E distribution

has a constant hazard function and a decreasing density function, which
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Every year ,the Hussein processions set out toward Karbala to renew
the pledge with the Master of Martyrs, peace be upon him (PBUH), and
his brother, Abu al-Fadl al-Abbas (PBUH) to continue their path and to
remain steadfast in revolutionary approach to uphold truth, nullify false-
hood, and fight all those who seek to falsify religion, distort its rulings,
or control the people. Therefore, this great Hussein procession has been a
target for tyrants to fight and oppose throughout the ages, seeking to bring
down the curtain on this immortal path. Despite the harassment and the
prohibition of visits, the “Scholars’ Road”, which wound through palm
trees on the banks of the Euphrates River in the city of Najaf, was the

route taken by clerics to reach the sacred shrines.

In Safar 1424 AH, the streets of Karbala were packed with visitors, the
arbaeen pilgrimage recaptured its former glory, and the number of visitors
continues to grow. On January 14/2012, the official institutions declared
that the number of Karbala’s visitors had exceeded 17 million, including
about 600 thousand Arab and foreign visitors from more than 60 countries
around the world. This is the world’s biggest number of visitors in a short
period of time, lasting no more than 20 days, beginning on 1 Safar Al-
Khair 1433 AH, when people arrived at the holy shrines of Karbala, and
ending on the day of the special visit on 20 Safar. This is an event that is
considered the largest in many aspects, in terms of the number of those
present in this short period, and in terms of the volume of free services
provided by Iraq’s people to all these visitors, including food, accommo-
dation, medical services, etc. In addition, the presence of these millions
of people is achieved by walking great distances of up to hundreds of
kilometers, and other things that make Karbala unique among other cities

in the world.



By following the numerical indicators that accompanied the arbaeen
visit of Imam Hussein (peace be upon him), in which the number of
visitors exceeded the largest numbers of human gatherings that can oc-
cur on religious, national, sporting, and other occasions throughout the
world, especially since the number of visitors for the year 2022 AD/1444
AH, as official statistics indicate, has reached more than twenty million
(21198640), including (4012091) visitors from outside Iraq and from
more than 150 countries around the world, it has become important to deal
with these indicators with a mathematical model. In general, the mathe-
matical model helps to explain a system or event, studying the effects of
its various components, and predicting its behavior. Mathematical models
may be dynamic systems, statistical models, differential equations, or the-
oretical models, and these types may overlap with a specific model that

includes several abstract structures.

The current paper is concerned with employing four statistical models
of extended exponential distribution in addition to its traditional version,
and adopting multiple information criteria to determine the best model
through which data related to the rate of visitors arriving to the holy Kar-
bala Governorate to participate in performing the arbaeen pilgrimage ritu-
als can be represented, and then extrapolating the most important relevant
statistical characteristics. The results show that the best fit is the extended
exponential distribution that is associated with the generator family of the

truncated exponential Topp-Leone.

Statistics of the Arbaeen Visit, Statistical Modeling, Sta-

tistical Measures.
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in addition to crowd organization and human flow management based on
scientific principles, while highlighting the importance of comprehensive
and digital security in supporting stability, and emphasizing the utilization
of modern technologies and innovation to serve people, the city, and the
event.

The goal of this work is to deepen understanding of the Arbaeen pilgrimage
and provide a scientific perspective that supports planning and decision-
making. We hope that this journal will provide meaningful insights for
readers and serve as a significant contribution to the Arabic and Islamic
scholarly tradition.

Praise be to Allah, the Lord of the Worlds.

Scientific Committee of the Conference

managing editor
1447 AH - 2026 AD

Editorial of the issue
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Editorial of the issue

In the Name of God, the Most Gracious, the Most Merciful

Praise be to God, Lord of the Worlds, and may blessings and peace be
upon the guiding and faithful Prophet, Abu Al-Qasim Muhammad, and
upon his pure and virtuous family and companions.

The Arbaeen pilgrimage is a prominent religious and social occasion
observed on the twentieth day of Safar each Hijri year. Given the profound
religious, social, educational, and ethical significance of this event, which
attracts millions of participants, and its role as a marker of cultural and
civilizational identity for the followers of Ahl al-Bayt (peace be upon
them), the Karbala Center for Studies and Research at the Holy Shrine of
Imam Hussein has devoted considerable attention to this blessed ritual.
With the objective of preserving the heritage of the Arbaeen pilgrimage,
the initiative to establish this academic journal emerged. This journal
represents a foundational step toward addressing Arbaeen-related matters
through scientific and academic research.

From this perspective, the idea of establishing this scholarly journal
emerged, representing the nucleus of academic and scientific engagement
with issues related to Arbaeen. This commitment was clearly demonstrated
through the organization of the International Scientific Conference
on Arbaeen by the Center, in its nine editions, which witnessed wide
participation from specialists across various fields through precise scientific
research and studies covering multiple aspects of this blessed pilgrimage.
Accordingly, the “Vol.4, 4" year , issue 17 of the Arbaeen Journal aims
to comprehensively reinforce multidisciplinary scientific approaches
in the study of Arbaeen as a major human phenomenon that intersects
religious, social, media, security, and developmental dimensions. This

issue addresses topics such as discourse, communication, and influence,

18 Editorial of the issue
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Journal Objectives:

1. Preserving And Documenting The Ziyarte Al Arba'een As A Religious-
Social Ritual Using The Most Modern Methods Of Documentation And
Presentation And Monitoring Its Effects On The Individual And Society.

2. Determine The Basic Requirements For The Ziyarte Al Arba'een And
Secure Its Needs In Various Fields And Dimensions.

3. Drawing Inspiration From The Lessons Of Imam Hussein’s Revolution In
Promoting The Concepts Of Unity And Peace And Confronting The War Of
Soft Ideas.

4. Linking Qur’anic, Religious, And Doctrinal Concepts To The Husseini
Heritage And The Arba’een Visit To Increase Culture And Awareness
Among The Family And Youth.

5. Monitoring The Challenges Facing Visitors In All Service Sectors And
Provid-Ing Ways To Address Them And Develop Solutions To Them
Scientifically And Practically.

6. Providing Researchers, Readers, And Those Interested In Research And
Special-Ized Studies In The Ziyarte Al Arba'een.

7. Seeking To Inform The International Community Of The Importance
Of The Visit And Its Community Of Millions; Because It Represents A
Cultural And Human Heritage For Iraqi Society In Particular, And Lovers
Of Ahl Albayt In General, It Can Also Be A Scientific Resource For Those
Interested In Visiting Arba’in And An Important Factor In Preserving The
File Of Providing Service And Hospitality At Ziyarte Al Arba'een After
It Was Officially Registered In The Unesco Educational, Scientific And
Cultural Organization (Unesco). In 2019 Ad, By The Center In Cooperation
With The Ministry Of Culture, Tour-Ism And Antiquities.

Journal Vision:

The Arbaeen Peer-Reviewed Scientific Journal Seeks To Be A Scientific

Platform For Publishing Research And Studies Related To The Ziyarte Al

Arba'een. To Achieve A Scientific Addition For Those Interested In This
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