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1. Introduction

Awareness of the occurrence of an accident, dispatching rescue teams to the scene, performing initial medical
measures, and transporting to medical centers in the shortest possible time and at the best quality level are
among the most important tasks and goals of pre-hospital emergency care. The task of pre-hospital emergency
care is to handle medical emergencies and provide services to the injured and emergency patients. In fact, the
work of this complex, which begins at the scene of the accident and ends at the medical center, includes a wide
range of services by the emergency service, and emergency services are provided through emergency bases,
dispatch teams (ambulance, emergency helicopter, motor lance, ambulance bus), and usually the units
dispatched to the scene of the accident initiate initial treatment measures by conducting an initial examination
and taking the patient's history. Prehospital emergency is, in fact, a comprehensive system that responds to the
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medical needs of injured or patients with acute and emergency diseases, outside of health care institutions until
they are transferred to a medical center, therefore, prehospital emergency care plays a vital role in preserving
human lives. Although the provision of health services in cities has a long history, there is not much history in
the field of locating health and medical service centers, and the history of such systematic studies dates back to
the seventies.

2. Materials and Methods

This research is an applied research in terms of its purpose and a descriptive-analytical research in terms of its
method and nature. Its aim is to investigate the spatial distribution of pre-hospital emergency bases in Ardabil
city, analyze and identify the service area of each base using network analysis in the context of a geographic
information system in terms of distance and driving time, identify critical areas and areas (in which the
efficiency of pre-hospital emergency base services is lower), and finally propose a location for pre-hospital
emergency bases in the city to cover the aforementioned critical areas. To achieve the aforementioned goals,
information on the number, names, and addresses of the bases was first obtained from the University of
Medical Sciences, and the location of the bases was recorded using a GPS receiver and during field operations,
and converted into a map using ArcGIS software. Then, the layering of the road network of Ardabil city was
downloaded from the OSM database and the necessary edits were made to refine the downloaded layer. Using
topology rules in the ArcGIS software environment, the layer topology was created to enable network analysis
on it.

3. Results and Discussion

The first stage of the research was to create a geodatabase or land database, and to achieve this goal,
information related to the addresses of pre-hospital emergency centers was obtained from Ardabil University of
Medical Sciences. After preparing the spatial distribution map of emergency centers, the layering of the Ardabil
city road network, which was downloaded from the OSM database, was edited and, using topology rules in the
ArcGIS software environment, the layer topology was created to enable network analysis on it. In the analysis
stage, the Network Analysis extension of ArcGIS software was used and, by analyzing the service area, the
functional radius of pre-hospital emergency centers based on the Manhattan distance was calculated and drawn.
The service area in the network is an area that includes all streets that meet a certain apparent resistance. In this
study, the global minute standard and the 8-minute standard common in Iran were used to determine the service
area of each emergency center. The service area of each base was determined by considering two global and
common standards in Iran, and the percentage of the area of the municipal areas in time intervals of less than 3
minutes, 3 to 8 minutes, and more than 8 minutes was calculated to conduct a comparative study between the
municipal areas in terms of having global and common standards in Iran. The existence of neighborhoods and
residential areas outside the service area of pre-hospital emergency bases, along with the overlap of most of the
service areas of the bases with each other, shows the need to plan for spatial redistribution of the bases in the
city. The spatial distribution map of the bases clearly shows that the spatial distribution of the bases in the city
is not appropriate and some of them are located within the service area of other bases. For example, the spatial
overlap of the service area of the Kausar emergency base with other neighboring bases was examined and a
map showing them was drawn. Also, the service areas of the two bases, Fajr and Shahid Beheshti, have been
analyzed and overlapped separately, which shows that not only do their service areas overlap greatly, but the
aforementioned bases themselves are located within the common area of the two bases.

4. Conclusion
Based on the results obtained from the experience and analysis, the spatial analysis of 12 pre-hospital
emergency centers in Ardabil city shows that the existing conditions in the city for providing services to
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citizens are not desirable in terms of existing standards. With a little attention to the results obtained, it is clear
that among the 5 districts of Ardabil municipality, only District 1 has 100% coverage of emergency services
within 3 minutes, and in the rest of the districts, depending on the location of the emergency center, the time to
receive services exceeds the time standard, and even in some districts, the time to receive pre-hospital
emergency services by the patient reaches over 8 minutes, which is the highest in District 2 of Ardabil
municipality with 13.6%. The maps prepared in the study to show the distribution of the centers indicate the
lack of appropriate spatial distribution of these centers in the city of Ardabil. So that the spatial overlap of the
service areas of the centers is quite clear. This interference is present both in the city center and in the
surrounding areas. This indicates the lack of proper distribution and location of the bases in the city. The
highest interference among the bases is seen between bases 2 and 11 with 73.5 percent and bases 7 with 11 and
4 with 9 with 48 and 41 percent of sharing the service area with the bases, respectively. Of the total area of
Ardabil, 55.5 percent of the city is covered by at least one base and 44.5 percent of the city is outside the
defined standard service area of 1700 meters. These urban areas are mostly located on the outskirts and around
Ardabil city among the newly established towns, which also have a large population within these towns. The
presence of neighborhoods that do not benefit from pre-hospital emergency services within the standard
defined time and area is mostly in the southern areas of Ardabil city and around Lake Shorabil, which is where
the largest number of towns, including Kosar Town, Justice Town, Telecommunications Town, and
Agricultural Town, are located in these areas. Also, the northeastern areas of Ardabil city, where the newly
established District 5 Municipality is also located, are among the areas that benefit less from the services of
emergency centers. It is necessary to re-examine the location of the bases throughout the city to provide an
opportunity for all areas to benefit from the services at the necessary time.

Keywords: Emergency database, Network analysis, Geographic information system, Ardabil city.
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1. Network Analysis
2. Open Street Map
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