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Abstract:

The evolution of ambulance dispatch systems in Saudi Arabia has significantly
transformed in recent years, particularly through the efforts of the Saudi Red Crescent
Authority (SRCA). Historically, the dispatch of ambulances relied heavily on manual
processes, which often led to inefficiencies and delays in emergency response. The
SRCA has recognized the necessity of modernizing these systems to enhance the
quality of emergency medical services (EMS) across the nation. The introduction of
automated dispatch systems and integration of advanced technologies, such as
Geographic Information Systems (GIS) and real-time tracking applications, have
streamlined operations, allowing for quicker response times and improved resource
allocation. This technological shift not only enhances the efficiency of emergency
medical services but also plays a pivotal role in saving lives during critical situations.
Furthermore, the SRCA's commitment to continuous improvement and innovation has
propelled the ambulance dispatch systems into a new era of sophistication. Training
programs for dispatch personnel have been implemented to ensure they are well-versed
in utilizing the latest technology and managing emergencies effectively. Collaboration
with local hospitals, fire departments, and law enforcement agencies has also been
prioritized to establish a more unified approach to emergency management. As the
population of Saudi Arabia grows and urban areas expand, the need for an agile and
responsive ambulance dispatch system becomes increasingly vital. The SRCA's
proactive adaptation to changing challenges demonstrates a forward-thinking approach
that not only meets the current demands but also anticipates future healthcare needs
within the Kingdom.

1. Introduction
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The SRCA, established in 1934, has grown from a
modest volunteer-based organization into a
comprehensive modern emergency service. Its
mandate encompasses responding to over 1.5
million incidents annually across the Kingdom's
vast and geographically diverse landscape, which
spans approximately 2.15 million square kilometers
[1]. Managing this immense volume of
emergencies, from routine medical cases in dense
urban centers like Riyadh and Jeddah to critical
road traffic accidents on remote highways and the
unparalleled logistical challenge of mass gatherings
during the Hajj pilgrimage, requires a dispatch
system of exceptional resilience, intelligence, and
speed. The Hajj alone, which hosts over 2.5 million
pilgrims in a confined area, places unprecedented
demand on the SRCA, with the authority's crews
attending to tens of thousands of medical cases
during the brief pilgrimage period [2].

The historical trajectory of the SRCA's dispatch
systems can be conceptualized in three distinct,
albeit overlapping, phases. The first phase, the
"Analog Era," was characterized by decentralized,
station-based operations reliant on landline
telephones and two-way radio communication.
Dispatch was a manual process, with information
recorded on paper and ambulance crews navigating
based on local knowledge and paper maps. This
system, while functional for its time, was plagued
by slow response times, a lack of situational
awareness for dispatchers, and minimal inter-
agency coordination, leading to inefficiencies in
resource allocation, particularly in a nation
experiencing rapid urbanization and population
growth [3].

The second phase, the "Digital Transition," began
in the late 1990s and early 2000s, marked by the
adoption of Computer-Aided Dispatch (CAD)
systems and the move towards centralized call
centers. The introduction of a unified emergency
number (997) was a pivotal step, creating a single
point of access for the public. CAD systems
digitized the incident logging and resource
management process, reducing human error and
providing the first layers of digital data for
performance analysis [4]. This period saw the
establishment of modern communication centers in
major cities, allowing for a more strategic overview
of available ambulance units and improving
dispatch accuracy within metropolitan areas.

We are currently in the third and ongoing phase:
the "Integrated, Smart, and Geospatial Era." This
era is defined by the convergence of several
transformative technologies. The integration of
Global Positioning System (GPS) tracking for
ambulance fleets and Enhanced Location Services
(such as Advanced Mobile Location) for 997 callers
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has been a quantum leap. It allows dispatchers to
pinpoint emergency locations with high accuracy
and deploy the nearest available unit in real-time,
shaving critical minutes off response intervals [5].
Furthermore, the seamless integration of CAD with
Geographic Information Systems (GIS) provides
intelligent routing, accounting for live traffic data
and identifying the most appropriate receiving
hospital based on its specialized capabilities (e.g.,
trauma, pediatric, or cardiac care) [6].

This technological evolution is not occurring in a
vacuum but is directly propelled by the ambitious
framework of Saudi Vision 2030. This national
strategic  blueprint emphasizes the digital
transformation of government services, enhancing
the quality of life, and building a robust health
sector. Under this vision, projects like the National
Transformation Program and the Health Sector
Transformation Program have provided the impetus
and funding for the SRCA to overhaul its
operational models [7]. A key objective is
achieving full interoperability between the SRCA
and other vital emergency services, including Civil
Defense (998) and Police (999), through unified
command and control platforms. This ensures a
seamlessly coordinated response to complex
incidents like major traffic collisions or building
fires [8].

Recent statistics underscore the impact of these
advancements. The SRCA has reported a consistent
improvement in its average response time in major
cities, with targets to reach international
benchmarks [9]. Investment in digital infrastructure
has been substantial, with the SRCA's budget
reflecting a significant allocation for technology
upgrades and training [10]. The authority now
operates a fleet of over 2,500 advanced life support
ambulances, all connected to the central dispatch
system, and manages more than 25 emergency
communication centers across the Kingdom [11].
Looking ahead, the SRCA is pioneering the use of
data analytics and artificial intelligence (Al) for
predictive modeling. By analyzing historical
incident data, the system can forecast high-demand
periods and locations, enabling the proactive
"strategic deployment” of resources [12]. The
exploration of community-based mobile
applications to alert nearby certified first
responders to cardiac arrests represents the frontier
of community-integrated emergency response.

2. The SRCA's Early Dispatch and
Communication Landscape

The technological backbone of early SRCA
dispatch was fundamentally simple: landline
telephones and two-way radio systems. There was
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no unified national emergency number; instead,
citizens in urban centers like Riyadh, Jeddah, and
Dammam would call the local, publicly listed
telephone number of the nearest SRCA station [13].
The call-taker, often a junior staff member or
volunteer, would manually scribble the incident
details—such as the caller's description of the
location, the perceived nature of the emergency,
and a callback number—on a paper log sheet. This
process  was inherently ~ wvulnerable  to
miscommunication, incomplete information, and
the linguistic or descriptive limitations of a
distressed caller. There was no way to verify the
location automatically, making the system heavily
dependent on the caller's ability to accurately
convey their whereabouts in a landscape that often
lacked formal street names and numbering systems.
Once the information was recorded, the dispatch
process commenced. The station dispatcher would
use a base station two-way radio to contact
ambulance crews who were either stationed at the
base or, in rare cases, already patrolling.
Communication was vocal and direct, with
instructions relayed verbally. Ambulance crews,
equipped with basic medical kits and transportation,
then relied solely on their intrinsic knowledge of
the city and physical paper maps for navigation
[14]. This presented a significant challenge,
especially for new or temporary staff, and in the
rapidly expanding suburbs of major cities. The
concept of "nearest available unit" was a subjective
judgment made by the dispatcher based on their
mental map of the city and the last known location
of their vehicles, as there was no real-time tracking.
The organizational structure of the SRCA during
this period was highly decentralized. Each major
city operated its EMS function relatively
independently, with minimal coordination between
stations in the same city, let alone across different
regions [15]. This siloed approach led to critical
inefficiencies in resource allocation. One station
could be overwhelmed with emergency calls while
another station in a neighboring district had idle
ambulances, unaware of the surge in demand. The
lack of a centralized oversight mechanism meant
that response data was not aggregated, preventing a
national or even city-wide analysis of performance
metrics, incident hotspots, or resource needs. Data
management was entirely paper-based; Patient Care
Reports (PCRs) were completed by hand, and
archival was a physical, space-consuming process.
This made retrospective analysis for quality
improvement, training purposes, or epidemiological
research a Herculean task [16].

The challenges posed by this system were
magnified by the unique geographical and
demographic context of Saudi Arabia. The
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Kingdom's vast territory, encompassing immense
deserts and mountain ranges, meant that rural and
remote areas had virtually no access to formal
EMS. Even within cities, the lack of a coordinated
system struggled to cope with the consequences of
rapid urbanization and population growth fueled by
the oil boom of the 1970s and 80s [17].
Furthermore, the system was critically tested during
mass gatherings, most notably the annual Hajj
pilgrimage. While the SRCA has always been a
cornerstone of Hajj medical services, the early
dispatch system during these events was a
monumental  logistical exercise in  manual
coordination. Setting up temporary field clinics and
ambulance points required pre-planning, but real-
time communication and resource shifting during
an evolving incident were extremely limited [18].

A poignant example of the system's limitations was
its handling of Road Traffic Accidents (RTAS),
which have historically been a leading cause of
trauma in the Kingdom. A report from the period
highlighted that response times for accidents
occurring on highways between cities were often
protracted, sometimes exceeding an hour, due to the
difficulty in locating the incident and the long
distances ambulances had to travel from fixed
stations in urban centers [19]. There was no direct
communication link with the Patrol Police, who
often arrived first on the scene, leading to delayed
activation of medical services.

In conclusion, the foundational dispatch system of
the SRCA was characterized by its manual
processes, decentralized command, and reliance on
basic analog technology. While it represented the
first crucial step in formalizing pre-hospital care in
Saudi Arabia, it was plagued by slow response
times, inefficient resource use, and a lack of
situational awareness. The system's inherent
limitations—the inability to quickly locate callers,
track wvehicles, coordinate between agencies, or
leverage data—created a clear and pressing need
for modernization. This "Analog Era" was not a
period of stagnation but rather a necessary
incubation stage that starkly outlined the challenges
which subsequent policies and technological
investments would urgently seek to address. The
growing disparities between the escalating demands
of a modernizing nation and the capabilities of its
EMS dispatch system set the stage for the first
major digital leap forward [20].

3. The Digital Leap:

The cornerstone of this revolution was the
implementation of Computer-Aided Dispatch
(CAD) systems. Replacing the paper logbooks and
verbal radio commands of the past, CAD
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introduced a structured, digital workflow for
managing emergency incidents. Upon receiving a
call, a call-taker would now input key information
directly into a software interface. This digital form
standardized data collection, ensuring that critical
details such as incident type, priority level,
location, and caller information were captured
consistently and stored in a searchable database
[21]. The software itself often incorporated logic to
help prioritize calls based on pre-defined medical
protocols, ensuring that life-threatening
emergencies like cardiac arrests or major traumas
were flagged for immediate response over less
urgent requests. This reduced the cognitive load on
dispatchers and minimized the risk of human error
in prioritizing incoming emergencies. Furthermore,
the CAD system automated the process of alerting
ambulance crews, sending digital dispatch
messages to terminal devices in the vehicles, which
was faster and more reliable than a voice-only radio
call that could be missed or misunderstood in a
noisy environment [22].

Concurrently, the SRCA embarked on a strategic
initiative to centralize its call-taking and dispatch
operations. The old model of individual station
phone numbers was phased out in favor of a
unified, nationally-promoted emergency
number: 997. This was a landmark achievement in
public safety communication. It provided citizens
with a single, easy-to-remember point of access for
medical emergencies, eliminating confusion and
reducing the critical time citizens spent searching
for the correct local number [23]. Centralized call
centers were established in major regional hubs,
such as Riyadh, Jeddah, and the Eastern Province.
In these centers, multiple call-takers and
dispatchers  worked side-by-side, managing
emergencies for an entire city or region rather than
a single district.

This centralization brought about a paradigm shift
in resource management. For the first time, a
dispatcher in Riyadh's command center could have
a consolidated, real-time view—on a single
computer screen—of all active incidents and the
status (e.g., available, en-route, on-scene, at
hospital) of all ambulance units under their
jurisdiction [24]. This holistic situational awareness
was unprecedented. It allowed dispatchers to make
more intelligent deployment decisions, sending the
nearest logical unit to an emergency rather than
being constrained by station boundaries. If all units
from one station were busy, the system could
automatically—or the dispatcher could manually—
assign a call to an available unit from a neighboring
station, thereby optimizing fleet utilization and
improving geographic coverage efficiency. A study
on the initial effects of centralization in Riyadh
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noted a measurable reduction in average response
times within the first two years of implementation,
directly attributing this improvement to more
dynamic resource allocation [25].

The digitization of records also inaugurated the era
of data-driven performance management for the
SRCA. The CAD system automatically time-
stamped every step of the dispatch process: call
received, unit notified, unit en-route, unit on-scene,
and so on. This generated a rich dataset that could
be analyzed to calculate key performance indicators
(KPIs), most notably response times [26]. For the
first time, SRCA management could move beyond
anecdotal evidence and obtain guantitative metrics
on their service's efficiency. They could identify
persistent bottlenecks in the dispatch process,
analyze trends in demand by time of day or area of
the city, and use this evidence to make informed
decisions about staffing levels, ambulance
placement, and infrastructure needs. This
represented a shift from reactive operations to
proactive management.

However, this transition was not without its
significant challenges. The implementation of such
complex technological systems required substantial
financial investment in hardware, software, and
network infrastructure. Perhaps an even greater
challenge was the human factor. Staff accustomed
to the informal, voice-centric methods of the analog
era required extensive and ongoing training to adapt
to the new digital protocols and interface-driven
workflow [27]. Resistance to change was a noted
hurdle, overcome through change management
programs and demonstrating the new system's
benefits in reducing workload and stress during
complex incidents. Furthermore, while
centralization improved intra-city coordination,
interoperability between the different regional
centers and with other emergency services like
Civil Defense (998) and Police (999) remained
limited. Communication between these entities still
often relied on traditional methods like telephone
calls, as integrated digital communication platforms
were not yet fully realized [28].

The public awareness campaign for the new 997
number was another critical undertaking. The
SRCA engaged in extensive public outreach
through media, schools, and public events to
educate the population about this new, unified
access point for emergencies [29]. The success of
the entire digital transition hinged on the public's
adoption of this number.

In conclusion, the digital leap of the late 1990s and
2000s was a period of profound modernization for
the SRCA's dispatch system. The synergistic
combination of Computer-Aided Dispatch and the
centralization of command centers transformed a
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fragmented, reactive operation into a more
streamlined, efficient, and data-aware organization.
This phase successfully addressed the most critical
flaws of the analog era by standardizing processes,
optimizing resource deployment, and establishing
the foundation for performance measurement.
While it solved the problem of internal coordination
within cities, it also revealed new frontiers for
advancement, particularly in the areas of precise
location tracking and deep inter-agency integration.
The stage was now set for the next revolutionary
phase: the integration of geospatial technology that
would fuse the digital command center with the
real-world movement of both ambulances and
citizens in need [30].

4. The Geospatial Revolution:

The most transformative element of this revolution
was the deployment of two complementary location
technologies. First, the equipping of the entire
SRCA ambulance fleet with GPS transponders
provided dispatchers with a live, bird's-eye view of
every vehicle's location, status, speed, and direction
on a dynamic digital map [31]. This real-time
vehicle tracking fundamentally changed the
dispatch decision-making process. Instead of
relying on a dispatcher's mental map or last-known
location, the CAD system could now automatically
identify and recommend the very closest available
ambulance to an emergency, irrespective of its
home station. This optimized deployment strategy
shaved critical minutes off response times, a factor
directly correlated with improved survival rates in
time-sensitive emergencies like cardiac arrest and
major trauma [32]. Furthermore, fleet managers
could now monitor vehicle movements for
operational efficiency, identify unnecessary idling,
and ensure compliance with protocols.

Second, and equally critical, was the integration of
Enhanced Location Services (ELS) for calls made
from mobile phones. With over 98% of emergency
calls in Saudi Arabia originating from mobile
devices, the challenge of locating callers—
especially those who are disoriented, unfamiliar
with the area, or unable to speak—was paramount
[33]. The SRCA, in collaboration with
telecommunications  providers, implemented
solutions like Advanced Mobile Location (AML).
AML is a technology that, when a caller dials 997,
automatically activates the phone's location services
(GPS and Wi-Fi) and sends its precise coordinates
via an SMS to the emergency call center, all
without requiring any action from the caller [34].
This integration into the CAD interface meant that
the dispatcher received a highly accurate location
pin on their map within seconds of the call
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connecting, dramatically reducing the time spent
verbally confirming addresses and eliminating the
dangers of vague descriptions.

The true power of this geospatial data was unlocked
through its deep integration with Geographic
Information Systems (GIS). A GIS is more than just
a digital map; it is an intelligent spatial analytics
platform. The SRCA's CAD system, fed by real-
time GPS and AML data, was layered over a
sophisticated GIS database containing a wealth of
critical information [35]. This enabled a new level
of intelligent dispatch and routing. When an
incident was logged, the system could not only
identify the nearest ambulance but also calculate
the very fastest route to the scene, accounting for
real-time traffic congestion, road closures, and
construction zones. This dynamic routing ensured
that the theoretically closest unit was also the most
quickly attainable one.

Moreover, the GIS empowered dispatchers with
strategic decision-support capabilities. The system
could automatically cross-reference the incident
location and type with the locations and specialized
capabilities of nearby hospitals. For instance, a
major trauma victim could be directly routed to a
certified trauma center, while a suspected stroke
patient could be sent to a hospital with a dedicated
stroke unit and available CT scanner [36]. This
"right patient, right hospital" decision, made at the
dispatch level, streamlined the entire chain of
survival and improved patient outcomes. The GIS
was also used for long-term strategic planning; by
mapping historical incident data, the SRCA could
identify persistent medical "hotspots"—such as
specific highway intersections or large public
venues—and use this intelligence for the proactive,
strategic positioning of ambulance units during
high-risk periods, a concept known as system status
management [37].

The impact of this geospatial integration is
guantifiable. Studies conducted within the SRCA
following the full implementation of these
technologies showed a statistically significant
reduction in median response times across all major
urban centers. One internal report highlighted a
18% decrease in the time interval between "call
received" and "unit dispatched" due to the
automation of location and unit selection [38].
Furthermore, the accuracy of initial unit
deployment improved dramatically, reducing the
need for costly and time-consuming reassignments
once an ambulance crew was already en route.
However, the implementation of such a complex
technological ecosystem was not  without
challenges. It required a significant investment in
hardware, software, and the high-bandwidth, low-
latency communication networks necessary to
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handle continuous real-time data streams from
hundreds of moving vehicles. Data security and
privacy, particularly concerning the automatic
location sharing from citizens' mobile phones, were
paramount considerations that had to be addressed
through robust protocols and compliance with
national regulations [39]. Finally, the complexity of
the integrated CAD-GPS-GIS system necessitated a
new level of training for dispatchers, who evolved
from radio operators into skilled "geospatial
information managers,” requiring continuous
education to interpret the complex data and make
optimal decisions under pressure [40].

5. Interoperability and Unified Command:

For decades, communication between Police, Civil
Defense, and the SRCA was fragmented. Agencies
operated on separate radio frequencies, used
different communication protocols, and had limited
visibility into each other's operations. Coordination
at an incident scene often relied on ad-hoc
methods—officers  from  different  agencies
communicating via personal mobile phones or
physical proximity at the scene, leading to delays,
duplicated efforts, and potential miscommunication
[41]. The Police, often the first to arrive at a traffic
incident, had no direct digital channel to alert the
SRCA dispatch center about the exact number of
casualties or the severity of injuries, forcing a
sequential rather than parallel response. This
disjointed approach was identified as a critical
vulnerability in the national emergency response
framework, particularly for managing Mass
Casualty Incidents (MCIs) where minutes and
seconds are precious [42].

The drive for interoperability is fundamentally
rooted in the principle of "situational awareness."
The goal is to create a Common Operational Picture
(COP)—a single, shared display of relevant
information accessible by all responding agencies
[43]. Technologically, this has been pursued
through the development of integrated command-
and-control platforms. These platforms act as a
"system of systems," where the CAD systems of the
SRCA, Civil Defense, and Police are digitally
interfaced, allowing for the secure and controlled
sharing of critical data. When Civil Defense
receives a call about a building fire, their system
can automatically generate an alert in the SRCA's
CAD, providing the incident location and nature.
This allows the SRCA to proactively dispatch
ambulances to stage near the scene, even before a
formal request is made, a concept known as
"automatic aid" [44]. Similarly, Police patrol
vehicles equipped with GPS can be visible on the
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SRCA's dispatch map, providing real-time
information on the first unit on scene.

The pinnacle of this integration effort is the
ongoing development of aUnified National
Platform for emergency services. This ambitious
project, a key initiative under the Saudi Vision
2030's government services integration pillar, aims
to create a single, state-of-the-art command,
control, and communications (C3) system [45]. In
this envisioned model, a single emergency call
could be routed to a dispatcher trained to handle all
types of emergencies, who would then
simultaneously alert the required services (Police,
Medical, Fire) through a single, integrated
interface. While full implementation is complex,
pilot programs in major cities have demonstrated its
potential to drastically reduce the time between the
first call and the coordinated dispatch of all
necessary resources [46].

The benefits of this interoperability are profound
and multi-faceted. Firstly, it leads to a faster and
more effective overall response. A study of traffic
accident responses in Riyadh found that when
automatic alerts from Police to SRCA were
implemented, the average time for the first
ambulance to arrive on scene decreased by over
20% [47]. Secondly, it enhances responder safety.
Dispatchers can share real-time intelligence with all
units en route—for example, warning SRCA crews
of ongoing security threats at a scene or informing
Civil Defense of potential hazardous materials
reported by the first police officer on site. Thirdly,
it enables efficient resource management during
large-scale events. During the Haijj, a temporary but
highly sophisticated unified command center co-
locates representatives from all emergency services,
allowing for real-time, face-to-face coordination
and resource sharing in a constantly evolving
environment [48].

However, the path to seamless interoperability is
fraught with significant, non-technical
challenges. Cultural and organizational
barriers are often the most difficult to overcome.
Each agency has its own established procedures,
chain of command, and institutional culture.
Fostering a culture of collaboration and breaking
down long-standing silos requires sustained
leadership commitment and joint training exercises
[49]. Procedural  standardizationis  another
hurdle. Agencies must develop and adopt common
communication protocols (e.q., shared
terminology), unified incident command system
(ICS) structures, and agreed-upon data-sharing
agreements that respect privacy and security
concerns. Finally, technological
harmonization remains a challenge, as integrating
legacy systems from different vendors into a single,
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cohesive platform requires significant investment
and technical expertise [50].

In conclusion, the pursuit of interoperability and
unified command represents a mature and
sophisticated stage in the evolution of the SRCA's
dispatch system. It signifies a recognition that
ultimate emergency response efficacy is not just a
function of individual agency speed, but of the
collective, synchronized power of the entire public
safety network. By digitally and procedurally
bridging the gaps between Police, Civil Defense,
and Medical services, the SRCA is contributing to
the creation of a more resilient and intelligent
national emergency response ecosystem. This
collaborative framework, driven by the strategic
imperative of Saudi Vision 2030, ensures that when
a citizen calls for help, the entire might of the
Kingdom's emergency services can be brought to
bear in a swift, coordinated, and seamless manner,
maximizing the chance of saving lives and
protecting property.

6. Conclusion

The evolution of ambulance dispatch systems
within the Saudi Red Crescent Authority (SRCA)
presents a compelling narrative of strategic
transformation, mirroring the Kingdom of Saudi
Arabia's own rapid modernization. This journey,
meticulously traced through this research, reveals a
clear and purposeful trajectory from a fragmented,
analog operation to a sophisticated, integrated, and
intelligent emergency response ecosystem. The
SRCA's dispatch evolution is not merely a history
of technological adoption but a testament to a
sustained commitment to enhancing pre-hospital
care as a cornerstone of public health and safety.
SRCA's dispatch system has been successfully
reinvented. It stands today as a model of how
visionary policy, technological adoption, and
institutional ~ adaptability can converge to
dramatically improve a nation's emergency
response capabilities. The journey from the analog
call box to the Al-powered command center is a
clear indicator that the SRCA is not only keeping
pace with global standards but is actively
positioning itself as a future leader in the field of
smart, integrated emergency medical services.
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