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 This study aims to develop a new approach in the ambulance service to refer 
the patient not to the nearest hospital but to a suitable hospital that responds 
better to his/her illness. Due to the lack of staff and equipment in a hospital, 
patients are often very likely to be transferred to another hospital. A case study 
was performed with a discrete-event simulation method for an improved 
ambulance service flowchart in this research. The case study was conducted 
in Yozgat province of Turkey, including two hospitals (city and university), 
one emergency call center, and six ambulance stations. Each of them has one 
vehicle. The data used covers the one-year from January 2018 to January 2019. 
The method developed for this study resulted in a 21.14 % improvement in 
ambulance service. The most crucial point that was noteworthy among the 
findings was that referral of the patient to the most appropriate hospital, rather 
than the nearest hospital, was important in terms of both dispatching time and 
the life-threatening condition of the patient. 
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 Bu çalışma, ambulans hizmetinde hastayı en yakın hastaneye değil, hastanın 
hastalığına daha iyi yanıt veren uygun bir hastaneye sevk etmek için yeni bir 
yaklaşım geliştirmeyi amaçlamaktadır. Bir hastanede personel ve ekipman 
eksikliği nedeniyle, hastaların başka bir hastaneye nakledilme olasılığı çok 
yüksektir. Bu araştırmada geliştirilmiş bir ambulans hizmeti akış şeması için 
ayrık olay simülasyon yöntemiyle bir vaka çalışması gerçekleştirildi. Vaka 
çalışması, iki hastane (şehir ve üniversite), bir acil çağrı merkezi ve altı 
ambulans istasyonu sahip Yozgat ilinde gerçekleştirilmiştir. Her bir ambulans 
istasyonun bir adet olmak üzere ambulans aracı bulunmaktadır. Kullanılan 
veriler Ocak 2018'den Ocak 2019'a kadar olan bir yılı kapsamaktadır. Bu 
çalışma için geliştirilen yöntem ambulans hizmetinde %21,14'lük bir iyileşme 
sağlanmıştır. Bulgular arasında dikkat çeken en önemli nokta, hastanın en 
yakın hastaneden ziyade en uygun hastaneye sevk edilmesinin hem sevk süresi 
hem de hastanın hayatı tehdit edici durumu açısından önemli olduğu bu 
çalışma ile tespit edilmiştir. 
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1. INTRODUCTION 

The world-renowned ambulance service system is perceived as a healthcare unit that provides patients with 
medical assistance and the fastest access to the hospital. The ambulances must reach the patient locations (or 
emergency areas) and the hospitals in a short time [1]. Therefore, it is an action planned to be deployed where 
ambulance locations are likely to experience an emergency [2]. Sometimes ambulance providers are trying to run 
more ambulances than they can because they cannot provide services at a certain time. However, in such a case, 
health services will require more resources for ambulance service in terms of cost [3]. This study aimed to create 
a different ambulance service system by considering the available resources without any resource change. 
This paper has introduced an effective solution to prevent the transfer of patients from one hospital to another 
hospital by changing the current ambulance service flow diagram [4]. The fact that the hospital has both 
insufficient human resources and equipment causes negative consequences for the patients. One of the most 
important of the negative sides is that the patients cannot be accepted in hospitals that cannot respond to the disease. 
Therefore, the patient is referred to another hospital. In the classic ambulance service diagram, the patient is 
assigned to the nearest hospital by the ambulance [5]–[7]. However, ambulance authorities do not consider the 
equipment or competence of the hospital. Because their first task is to bring the patient to the nearest hospital to 
eliminate the patient's life-threatening condition, sometimes such a principle works correctly. Still, today this 
principle needs to be reviewed by the authorities. 
Many studies have proposed solutions for ambulances' locations, resources of healthcare, the number of hospitals, 
and so on [7]–[14]. These suggestions usually contain statistical solutions and abstract concepts [15]. For example, 
it has been planned to increase hospital capacity, a clear and straightforward solution for crowded locations. The 
effect of the results obtained in this study using the Nash equilibrium method is estimated to be very little or fewer 
[3]. Especially in studies conducted on ambulance locations, more concrete results have been obtained because of 
digital data inclusion [6], [16], [17]. Wu and Hwang determined that two ambulances were over-worked in the 
plot area where the study was carried out using the Tainan EMS system and emphasized that the ambulances' 
response times in emergencies [18]. With the identification of ambulance locations, each ambulance serves a 
specific area, but if more than one ambulance is needed in another region, ambulances are also notified in other 
locations. 
In such studies, two types of approaches have been comprehensively discussed by researchers. The optimization 
method, which is the first approach, is preferred to solve problems by transferring real-life issues to a mathematical 
environment [8], [9], [19], [20]. As ambulance modelling studies are based on uncertainty, the use of stochastic, 
genetic and dynamic optimization models in ambulance location studies is widely used in the literature [21]–[23]. 
In one study, an optimization model has been developed, which minimizes ambulances' response time using the 
mixed genetic algorithm approach. The most suitable place and coverage areas for ambulances were determined 
in this research [17]. After the ambulances meet a request, the appropriate location is located in a different position 
or remains at the end of the request. Generally, ambulances are moved back to their former position for the next 
request [24], [25]. In another study for the ambulance location problem, the ambulances' response time to the 
demands was reduced by approximately 59 seconds using the approximate dynamic programming optimization 
method [16]. However, such studies do not consider the position of patients and the suitability of hospitals in the 
next activity.  
The ambulance service system has a dynamic structure due to real-time situations [1], [16], [26]. In such structured 
systems, optimization methods give limited answers. Therefore, the best way for stochastic structured problems is 
discrete-event simulation methods [27]. This method is widely used in the literature as a second technique to solve 
ambulance service problems (real ambulance dispatch data) [6], [19], [28]. Some researches apply both methods 
(simulation-optimization) in terms of ambulance service. As in all studies, measurements of the maximum survival 
target and ambulances (location) of the ambulance providers for the patients were also considered in such studies 
[8]. A discrete-event simulation model was developed for this study. Ambulance service is embedded in a different 
method for the flow diagram into this model. The new flow diagram is as follows: providing an ambulance to the 
patient location by responding to the call from the intended patients as soon as possible, to transmit the patients’ 
information to the surrounding hospitals, and finally to identify the hospital appropriate to the patient and to 
transfer the patient to the hospital. The patient must be transferred to a hospital that does not have the closest 
hospital but has sufficient personnel (physicians, nurses, technicians, etc.) [29] and equipment to respond to the 
complaints of the patients. 
This study included a case study with actual ambulance dispatch data. We developed a discrete simulation program 
to expose the mathematical expressions of ambulance service times and locations in the study's methodology. We 
examined two options: 1) The nearest hospital- regardless of the disease of a patient and without the choice of the 
hospital, the patient to referral to the nearest hospital and then re-tour the patient from this hospital to another 
hospital (re-tour), 2) the most suitable hospital- adding a different step to the ambulance service flow diagram, not 
referring the patient to the nearest hospital, instead referring the patient to the most appropriate hospital to respond 
to his or her disease. All results are derived from the discrete-event simulation model, which we consider to be 
accurate and precise. In the following part of this study, the methodology and real-time data of the study were 
included in the case study. 
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2. METHODOLOGY 

2.1. Environmental Overview of Yozgat Province 

Yozgat is one of the oldest settlements in Central Anatolian Region of Turkey that ranks 16th in terms of land area 
with its 14 districts. Only 9% of the province area is covered with forests where a terrestrial and harsh climate is 
dominant. The summers are warm and dry and winters are rainy in Yozgat [30]. The settlement of the province is 
in a pit and is mostly surrounded by mountains negatively affecting the air circulation causes an increase in air 
pollution. As the use of fossil fuels rises with the cooling of the air, an escalation is observed in the SO2 and PM10 

concentrations in the atmosphere. Therefore, the topographic structure of the city and the preferences for fuel type 
reduce air quality which in turn have an adverse influence on healthcare [31].  

2.2. Data of the Study  

The city of Yozgat has a total of 2 hospitals which are named Yozgat City Hospital (called “city hospital” instead 
of “state hospital or public hospital”-These institutions are tendered by the Turkish government to the construction 
companies and are recognized as new hospitals by the build-operate-transfer formula) and University Hospital. 
There is only one emergency call center in this city. (The telephone code of this center is used as 112 instead of 
911). This city also has six ambulance vehicle stations, and the total number of ambulances vehicles employed is 
6 in the center of the town [32] (see Figure 1).   

 
Figure 1. The map of the study area showing call center, ambulances, and hospitals locations 
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The population of this city is calculated as 90163 for 2018 [33]. Approximately 15027 people are serving an 
ambulance, considering the number of ambulances. The ambulance system helps a distance of about 13.87 km for 
the central district of Yozgat. The data of the emergency call center used the one-year cover period from January 
2018 to January 2019. The emergency call center receives approximately 23 (mean) calls per day. The numbers 
of calls were showed normal distribution ( 𝜇 ൌ 23.058, 𝜎 ൌ 2.335). According to Figure 2, daily, at least 17 
calls and up to 32 calls are received by the emergency call center. 
 

Figure 2. Histogram of requests per day and number of requests per month for the period of 2018-2019 
 
We observed that the number of calls is mostly between 21 and 25 bands. The data-analyser tool analysed the 
gathered data and determined that the data had the characteristic of the logistic distribution. Higher P-value and 
lower Anderson-darling values designate a better fit of data (p-value and statistics value were calculated as 0.250 
and 0.371, respectively).  The characteristic of this distribution is used as a long-tailed distribution model than the 
normal distribution. This distribution is already used for modeling the distributions of the data with kurtosis. 
Besides, this distribution is a continuous distribution defined by position parameters. The function of this 
distribution has only one shape and is similar to the normal distribution characteristic. The number of incoming 
calls is calculated as 701 (mean) monthly and 8408 (total) on an annual basis for the period of 2018-2019. Although 
the number of calls showed a similarity in months, it was observed that the number of calls increased in the summer 
months. 
The fluctuations in the number of emergency calls were in the winter months, according to the data. We have 
connected this situation to the annual average temperature (9.1oC) of Yozgat province [34]. This city's yearly 
average temperature is below the country's average annual temperature (13.1oC) [35]. It was observed that winter 
is intense in this city. 
According to the data obtained in the emergency call center, approximately 72 % of the patients were referred to 
the city hospital, while 28 % of the patients were referred to the university hospital. Generally, while hospital 
selection is made according to the severity of the injuries of the patients, the university hospital does not examine 
patients excluding cardiac and brain disorders outside the working hours. The first treatment of such patients with 
normal sickness is carried out in city hospitals. If the patient's disease severity persists, the patient is referred to 
the nearest provinces. Such cases occur rarely. Five steps are applied in normal ambulance services. There is no 
step in informing the hospital and receiving feedback from the appropriate hospital in these steps. The statistical 
information for the periods required for these steps is given in Table 1. 
 

Table 1. Statistical data for the duration of the ambulance service 

Definitions Mean 
Standard 
Deviation 

Variance Minimum Q1 Median Q3 Maximum IQR 

Calls of Request 1.1342 0.0709 0.0050 1.0008 1.0872 1.1364 1.1919 1.2475 0.1047
Assign Ambulance 1.5785 0.2793 0.0780 1.0552 1.3053 1.6631 1.8280 1.9815 0.5227
Travel to Patient 8.5460 3.0370 9.2260 2.3010 6.7520 8.6270 11.301 12.779 4.5490
First Exam 3.0210 1.2170 1.4810 1.0850 1.9140 3.1480 4.1110 4.9110 2.1970
Travel to Hospital 10.057 3.7530 14.087 3.6310 6.9580 10.071 13.537 15.793 6.5780

Note: In statistics, data are divided into four equal parts to form quartiles. The reason for creating quartiles is to evaluate the 
propagation and tendency of a data set. Q1(25% of the data set is less than or equal to this value), median (50% of the data set 
is less than or equal to this value), Q3 (75% of the data set is less than or equal to this value), and IQR (The range between the 
first and third quartiles is considered (Q3-Q1)) represent the first, second and third quartile, and fourth quartile respectively. 
The unit of all numerical values is discussed in minutes. 
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The fact that sometimes in ambulance service is not clear and precise has caused the average values of the data 
used in this study. Since the city determined for this study is not busy in terms of traffic, traffic density is not 
considered. The time required for some steps in the ambulance service flow diagram: the average time to inform 
the emergency call center by the patient or patient relatives is 1.15 minutes, the time taken for the emergency call 
center to give the address of the patient to the ambulance stations is 1.60 minutes (the average time to inform 
ambulance stations by the call center is between 1.05-1.98 minutes), the time used for an ambulance to reach the 
patient location is minimum 2.30 minutes, maximum 12.779 minutes, the first intervention of the ambulance 
authorities and the departure time of the patient for the hospital takes 1.08 to 4.911 minutes, respectively. The time 
is required a maximum of 17.93 minutes and a minimum of 3.63 minutes for a patient to reach a hospital. 
Based on real-life data sets of the ambulance service system in Turkey to test, the developed method of the discrete-
event simulation model was used in this study. Five steps (calls of request, assign ambulance, travel to patients, 
the first exam by ambulance authorities, and travel to hospitals) were applied in standard ambulance service. There 
was no step in informing the hospital and receiving feedback from the appropriate hospital in these steps. This 
extra step emphasizes having six steps in the ambulance service. The ambulance service flow diagram, which was 
considered for this study, was expressed as follows: One or more patients request an ambulance call (Patients dial 
112. This code is used for all emergency calls in Turkey). The call center informs the stations where ambulances 
are located. The distance of the ambulance stations to the patient's location is determined. An ambulance suitable 
for the patient’s location is preferred. The necessary information of health staff who make the first examination of 
the patient enters the system and inform all the hospitals in that area (new step). Based on the feedback received 
from hospitals, the patient is moved to the hospital where both the near and the appropriate healthcare providers. 
Figure 3 shows the network relationship between the steps discussed in this article. 
 

 
Figure 3. The network relation of the ambulance service system 

 
Six major steps were identified for ambulance service as follows. These are;  

 Step 1:  The request of a new call for ambulance,  
 Step 2:  Identification of a suitable ambulance close to the patient,  
 Step 3:  Departing from the place where the ambulance is located,  
 Step 4: Ambulance authorities examine the first intervention and diagnosis, and send information about 

the patient to the hospitals 
 Step 5: Hospital(s) give feedback to the ambulance authorities by appropriate hospitals with the sufficient 

staff or equipment to respond to the patient's illness, and assign hospitals, 
 Step 6:  Ambulance departs for the appropriate hospital, and arrives at the hospital, 

Some notations for expressions mathematical model are expressed as follows: 
 The time of the patient talking to the emergency service center, 𝑡ଵ 
 Time for emergency service center to inform ambulance stations, 𝑡ଶ 
 Time for the assigned ambulance to reach patient location, 𝑡ଷ 
 Time for the first examination and to inform the hospitals by staff, 𝑡ସ 
 Time for appropriate hospitals to provide feedback to ambulance authorities, 𝑡ହ 
 Time for dispatch of the patient to the appropriate hospital, 𝑡 
 Terms expressing the vehicles of ambulances as 𝐴ଵ, 𝐴ଶ, 𝐴ଷ, 𝐴ସ, 𝐴ହ and, 𝐴 
 Distances of ambulances to patient locations {𝑑ଵ, 𝑑ଶ, 𝑑ଷ, 𝑑ସ, 𝑑ହ, 𝑑ሽ 
 Time for the any ambulance to reach patient location, {𝑡ଵ, 𝑡ଶ, 𝑡ଷ, 𝑡ସ, 𝑡ହ, 𝑡ሽ 
 Distance of the appropriate ambulance near the patient location, 𝑑ଵ 
 Distances of the nearest hospital, which is not the closest, to patient locations, 𝑑ଶ 
 Terms expressing hospitals as 𝐻 and 𝐻௨ 
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 Distances of hospitals to patient locations, 𝑑, 𝑑௨ 
 Time for the any ambulance to reach hospital location, {𝑡, 𝑡௨ሽ 
 The time required to transfer the patient from any hospital to a suitable hospital, 𝑡 
 Distance traveled from any hospital to a suitable hospital, 𝑑 

 
The network relation of the ambulance service system was examined from four different points. These are the 
definition of the steps, the locations where the service starts and ends, the times required for the steps, and the 
distances between the steps (see Table 2).   
 

Table 2: Definition of time and distance for ambulance service 
Steps Definition Starting Location Ending Location Time Distance 
1 Calls of Request Patient Call Center 𝑡ଵ - 
2 Assign Ambulance Call Center Station 𝑡ଶ 𝑑ଵ, 𝑑ଶ, … 𝑑
3 Travel to Patient Station Patient 𝑡ଷ 𝑑ଵ 
4 Exam, Inform Hospitals Patient Patient 𝑡ସ 𝑑ଵ, 𝑑ଶ 
5 Feedback, Assign Hospital Patient Hospital 𝑡ହ - 
6 Travel to Hospital Patient Hospital 𝑡 𝑑ଶ 

2.3. Optimization Models 

The first objective was to minimize the time between the call from the patient and the delivery of the patient to the 
hospital in the real system. The equation was formulated as: 
 

 𝑀𝑖𝑛 ሾService Timeሿ ൌ 𝑡ଵ  𝑡ଶ  𝑡ଷ  𝑡ସ  𝑡ହ  𝑡 (1) 
  
The time required to transport the patient to the hospital was expressed as, 𝑡. The following prerequisite was 
needed for the value of 𝑡: 
 

 𝑡 ൌ 𝑡  𝑡௨;  ൜
𝑖𝑓 𝑐𝑖𝑡𝑦 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑤𝑎𝑠 𝑎𝑎𝑠𝑖𝑔𝑛𝑒𝑑, 𝑡ℎ𝑒𝑛 𝑡௨ ൌ 0   

𝑖𝑓 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑤𝑎𝑠 𝑎𝑎𝑠𝑖𝑔𝑛𝑒𝑑, 𝑡ℎ𝑒𝑛 𝑡 ൌ 0   (2) 

  
Patient calls do not affect our problem at certain intervals. Therefore, patient calls were determined not as a 
statistical distribution but as a certain time. The second objective was to minimize the ambulance close to the 
location of the patient. The formulation of the second objective function was expressed as:  
 

 𝑑ଵ ൌ 𝑀𝑖𝑛 ሼ𝑑ଵ, 𝑑ଶ, … 𝑑ሽ (3) 
  
The constraint to determine the ambulance close to the patient’s location, where  ሺ𝑑ଵ, 𝑑ଶ, … 𝑑ሽ are binary. So; 
 

 

𝑑ଵ ൌ ሺ0,1ሻ ൜
1, 𝑖𝑓 𝑡ℎ𝑒 𝑎𝑚𝑏𝑢𝑙𝑎𝑛𝑐𝑒 1 𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛

0, 𝑖𝑓 𝑛𝑜𝑡  

𝑑ଶ ൌ ሺ0,1ሻ ൜
1, 𝑖𝑓 𝑡ℎ𝑒 𝑎𝑚𝑏𝑢𝑙𝑎𝑛𝑐𝑒 2 𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛

0, 𝑖𝑓 𝑛𝑜𝑡  

… 

𝑑 ൌ ሺ0,1ሻ ൜
1, 𝑖𝑓 𝑡ℎ𝑒 𝑎𝑚𝑏𝑢𝑙𝑎𝑛𝑐𝑒 6 𝑖𝑠 𝑙𝑜𝑐𝑎𝑡𝑒𝑑 𝑎𝑡 𝑠𝑡𝑎𝑡𝑖𝑜𝑛

0, 𝑖𝑓 𝑛𝑜𝑡  

(4) 

  
The third objective was to determine the hospital close to the patient’s location, and the formulation was stated as 
below: 
 

 𝑑ଶ ൌ 𝑀𝑖𝑛 ሺ𝑑, 𝑑௨ሽ (5) 
  
The constraint to determine the ambulance close to the patient’s location, where  ሺ𝑑, 𝑑௨ሽ are binary. So; 
 

 𝑑 ൌ ሺ0,1ሻ; ൞

1, 𝑖𝑓 𝑐𝑖𝑡𝑦 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑤𝑎𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑎𝑛𝑑
there are sufficient staff and equipment required

0, if the city hospital was assigned but
if there are not sufficient staff and equipment required

 (6) 
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𝑑௨ ൌ ሺ0,1ሻ; ൞

1, 𝑖𝑓 𝑡ℎ𝑒 𝑢𝑛𝑖𝑣𝑒𝑟𝑠𝑖𝑡𝑦 ℎ𝑜𝑠𝑝𝑖𝑡𝑎𝑙 𝑤𝑎𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑎𝑛𝑑 
there are sufficient staff and equipment required
0, if the university hospital was assigned but 

 if there are not sufficient staff and equipment required

 

  
Suppose a new patient is referred from one hospital to another hospital (city-university hospital or university-city 
hospital) in the worst-case scenario. In that case, several additions to the optimization model are required as below. 
 

 The distance between the two hospitals was 12.4 km, and this distance lasted approximately 15.4 minutes 
(without traffic) in Yozgat. The time required for the ambulance service to be completed re-formulated 
as follows: 
 

 𝑡ଵ  𝑡ଶ  𝑡ଷ  𝑡ସ  𝑡ହ  𝑡  𝑡  (7) 
 

 The distance travelled during the ambulance service was re-expressed as below: 
 

 𝑀𝑖𝑛 ሼ𝑑ଵ, 𝑑ଶ, … 𝑑ሽ  𝑀𝑖𝑛 ሺ𝑑, 𝑑௨ሽ  𝑑 (8) 
  
Although an optimization model has been developed for the problems, discrete event simulation models were 
accepted to solve the issues with a stochastic structure (the uncertainty of the next situation). The fact that there 
were three different objective functions showed that this study had a stochastic structure. Therefore, the simulation 
technique was to use in order to overcome this problem. 

2.4. Discrete-Event Simulation Models 

The discrete-event simulation program was often used to get accurate results by deriving scenarios (which is a 
long time and costly to implement without the discrete event simulation technique). A computer discrete event 
simulation software with C++ programming language, three dimensional, and oriented objects was used in this 
study. In the discrete-event simulation program, each unit was taken as 1 km2. Staff walking and vehicle speeds 
were defined in real-time throughout the run and updated each time dynamically. The speed of the ambulance 
vehicles and walking of the staff were considered as 50 km/h, and 60 m/min in the developed model for this study, 
respectively. The scheduling system was not used for the resources used in the model. The same amount of 
resource utilization was ensured, considering the 24-hour operating principle for the ambulance service system. 
The icons and resources used in the model perform the same activities as the real-life routine. Each process 
specified in the model was perceived as a series of resource activities in the ambulance service system. 

3. CASE STUDY  

There are two conditions for the referral of the patient to the hospital after the initial treatment. First of all, 
ambulance authorities provide information about the patient to hospitals instantly. The hospital, which will respond 
to the patient's disease, has a priority. The distance from the hospital to the patient constitutes the criteria for this 
study as the second case. If there are many hospitals in a city, it is a priority to choose the closest hospital to the 
patient from the hospitals to respond to the patient's disease. However, there are two hospitals in this city, which 
means that there are two options for transferring the patient.  Patient locations were determined in six different 
districts in the central region of Yozgat. Six different situations have been considered, including the distance of 
these regions to each ambulance location. Six different conditions have been considered, including the distance of 
these regions to each ambulance location. 
A discrete event simulation model has been developed for situations that belong to scenarios. The data was 
embedded by considering the patients’ distance to ambulances and hospitals in the simulation model—the screen 
display of the simulation model, as shown in Figure 4. The simulation model was run separately for 36 conditions.  
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Figure 4. Screenshot of the developed simulation model 

 
Thirty-six different scenarios were developed for the case study to establish ambulance service steps (the number 
of scenarios can be increased or decreased) (see Table 3). Different situations were considered for these scenarios. 
The origin of the scenarios was the distance of the patient locations to both the hospital and the ambulance stations. 
The conditions of the scenario were determined as the suitability (not close) of the hospital to respond to the 
patient's disease and the appropriateness of the ambulance near the patient location. 
 

Table 3: Situations for scenarios derived for simulation 

Patient 
Locations 

𝑨𝟏 𝑨𝟐 𝑨𝟑 𝑨𝟒 𝑨𝟓 𝑨𝟔 𝑯𝒄 𝑯𝒖 Re-tour

𝒅𝒂𝟏 𝒕𝒂𝟏 𝒅𝒂𝟐 𝒕𝒂𝟐 𝒅𝒂𝟑 𝒕𝒂𝟑 𝒅𝒂𝟒 𝒕𝒂𝟒 𝒅𝒂𝟓 𝒕𝒂𝟓 𝒅𝒂𝟔 𝒕𝒂𝟔 𝒅𝒉𝒄 𝒕𝒉𝒖 𝒅𝒉𝒖 𝒕𝒉𝒖 𝒅𝒓 𝒕𝒓

Location 1 2.3 5 3.2 7 3.8 7 3.5 7 4.8 8 6.3 6 7.4 12 5.7 9 22.8 31

Location 2 3.4 8 3.4 8 2.4 6 1.9 5 0.1 1 10.4 13 2.6 5 10.4 16 18.8 26

Location 3 2.1 5 2.0 5 0.2 1 1.2 5 2.5 6 9.5 12 4.6 9 9.4 14 20.7 30

Location 4 2.3 8 2.5 9 3.4 10 2.2 5 3.7 12 8.2 13 6.4 12 8.2 15 22.2 34

Location 5 0.5 2 0.6 3 2.1 6 2.3 6 3.6 7 8.1 12 4.5 9 8.2 13 20.8 31

Location 6 2.0 6 2.1 6 1.5 6 0.22 1 19 5 9.0 11 4.4 9 9.0 13 20.4 30

Maximum 3.4 8 3.4 9 3.8 10 3.5 7 4.8 12 10.4 13 7.4 12 10.4 16 22.8 34

Minimum 0.5 2 0.6 3 0.2 2 0.22 1 0.052 2 6.3 6 2.6 5 5.7 9 18.8 26

Mean 2.1 6 2.3 6 2.2 6 1.89 5 2.759 7 8.58 11 5 9 8.48 13 21 30
Note: distance unit was defined as km; the time unit was defined as minutes. 

4. RESULTS AND DISCUSSIONS 

The data analysis for the case study the data obtained in the standard case (statistical analysis and ambulance 
service flow diagram, including five steps) were discussed in  
 
.  In the first case (following the city hospital results), the referral of a patient to a hospital takes 21.99 minutes. 
The duration of referral of a patient to the university hospital (not the nearest hospital, but to the nearest hospital, 
which is available for adequate resources), lasts an average of 25.99 minutes. According to the normal ambulance 
service principle, the time to reach the city hospital was found to be shorter than that of a patient reach to the 
university hospital. The results obtained from 6 scenarios (S1, S7, S13, S19, S25, and S31) from 36 scenarios 
showed that the duration of reaching the university hospital was low; if the remaining scenarios are followed, the 
patient arrives at the city hospital at a short time. 
With the new approach developed for this study, in the light of the data shown in  
 
, we have proved that the appropriate hospital selection, the hospital is close but not suitable for the patient for the 
patient's disease, the choice of the hospital in the distance is correct. In  
 
, it is understood that only scenario 2 and scenario 20 data are close to each other in terms of re-tour, but that a 
patient still needs a lot of time to be dispatched to the appropriate hospital. According to these scenarios, the most 
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critical reason for re-tour time is close to the developed model because the patient's position is very close to the 
hospital. In this figure, 3 different approaches are compared. According to all ambulance locations of a patient, the 
time required to reach the city hospital in 6 different steps is 25.86 minutes. 
In contrast, the time required for the university hospital is 29.861 minutes. However, the time needed for a patient 
to be transferred to a nearby hospital and then to another hospital is 35.33 minutes. It was found that a 21.14 % 
improvement was achieved with the method developed for this study. 
 

 
Figure 5. Comparing developed ambulance service system with Retour 

 
This study also made an analysis considering the possibility of the worst scenario. In this scenario, when the 
ambulance arrives for the patient to the nearest hospital, and there are not enough resources and equipment, there 
is a calculation of the time that has arisen by going to another hospital.  Another condition used in the worst case 
was that the ambulance stations are selected to be the farthest to the patient location. Since there are six different 
patient locations for the worst-case scenario, six different situations were questioned. Data for comparison of this 
situation were discussed in Figure 6. 
 

 
Figure 6. The comparison of the time between Re-tour and the Suitable Hospital 

 
According to Figure 6, only the second patient's location gave the lowest hospitalization time in the case of six 
different patient locations. We have observed that the transport of the patient from one hospital to another hospital 
is at risk both in terms of time and the patient's life. The time required is 30.33 minutes for a patient to re-tour and 
the ambulances to reach the last hospital after contacting the patient location. The time required is 25.16 minutes 
for the patients to be dispatched to a proper hospital. Wei Lam et al. reduced the ambulance service time from 
12.69 minutes to 7.08 minutes using a discrete simulation technique [36]. Ong et al. decreased the ambulance 
response time from 10.1 minutes to 7.1 minutes using the geospatial time analysis method [37]. As a result, 
considering the worst-case scenario (the most distance between the locations of ambulances and hospitals), we 
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observed that it is appropriate to move the patient to the most appropriate hospital, which is not the closest. In 
short, this study aimed to reduce the ambulance response time by proposing a new step to the ambulance service. 
It has been observed that the ambulance service has been out of the traditional, and a 21.14% improvement has 
been achieved with the new method. 

5. CONCLUSIONS 

A case study was performed with a discrete-event simulation method in this research. Data was collected for the 
ambulance service of the City of Yozgat, located in the center of Turkey's borders. The case study includes two 
hospitals, one center of the emergency call, and six emergency stations to find the ambulance vehicles. The data 
used covers a one-year period of 2018-2019.  Thirty-six scenarios were considered, with the worst scenario for 
this study. In the results obtained for 36 scenarios, according to all ambulance regions of the patient, the average 
time required to reach the city hospital in 6 different steps was 25.86 minutes, and the average time required for 
the university hospital was calculated as 29.861 minutes. However, the average time required to transport a patient 
to a nearby hospital and then to another hospital is 35.33 minutes. Considering the worst scenario (the most 
distance between the ambulance and hospital locations), we found it appropriate to dispatch the patient to the most 
appropriate hospital. The time required was calculated as 25.167 minutes for patients to be dispatch to a suitable 
hospital. Thus, a 21.14% improvement was achieved with the help of the developed method in this study. The 
most critical point that is noteworthy among the findings was that referral of the patient to the most appropriate 
hospital, rather than the nearest hospital, is important both in terms of time and the life-threatening of the patient. 
This study was first conducted in a small city with a population of 100000. It was observed that the results obtained 
were positive. This study shows that it is more important to apply it in larger cities. However, the accuracy of the 
data to be collected in these cities and the correct development of the applied method is essential. 
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