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Abstract

This research aims to develop guidelines for allocating Advanced Life Support (ALS) emergency ambulance parking spots
in Bangkok, particularly in areas with high population density, to enhance the efficiency of emergency response within 8
minutes. The concept of spatial analysis is applied alongside the mathematical model Set Covering Problem (SCP) with the
Greedy Algorithm and the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS), which is a multi-
criteria decision-making method to identify appropriate Emergency Medical Services (EMS) parking spots, utilizing the
Value of a Statistical Life (VSL) as a variable to support policy decision-making. The results of the study indicate that
integrating road network data and population density significantly enhances the efficiency of parking lot planning. When
the number of parking lots increases from 13 to 48, the model can expand the service area within 8 minutes to 73.39%
(Greedy) and 63.30% (TOPSIS) at an average speed of 30 km/h, increasing to 95.45% and 93.95%, respectively, at an
average speed of 60 km/h. TOPSIS employs the population density criterion per area, which results in accurate parking lot
allocation in densely populated regions. Although the Greedy Algorithm only utilizes the statistical life value criterion for
its calculations, the area coverage rate is superior to that of the TOPSIS method when compared spatially using GIS. SCP is
appropriate for enhancing the area coverage rate. In situations where budget constraints hinder investment at every point,
TOPSIS is an effective solution for urgent parking lot allocation.
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1. Introduction

Emergency Medical Services (EMS) are a vital mechanism for reducing loss of life and disability resulting from
accidents and emergencies in urban areas. They help mitigate treatment difficulties and economic impacts [1]. This is
especially relevant in the context of Bangkok, a capital city with a population of over 10 million people, including a
continuous influx of residents and workers. Consequently, the demand for health services has steadily increased,
emphasizing the importance of efficient EMS systems to address the growing needs of the urban population [2].

The current demographic characteristics of Bangkok also reflect the trend of high population density and an increasing
proportion of elderly people in the long term [3]. The elderly are a group at high risk of emergency illnesses because they
often have multimorbidity. The tendency of the elderly to live alone is also increasing [4]. These factors are linked to the
survival rate of patients [5]. A major challenge for EMS services in Bangkok is severe traffic congestion [6]. This
congestion is an obstacle that prevents emergency ambulances from providing services in a timely manner [7]. Urban areas
with high population density also experience more emergencies during the day than at night. Planning and identifying
emergency ambulance parking spots that can respond to emergencies effectively and promptly is essential [8]. This is
crucial given the circadian pattern of service demand [9]. According to the hospital's initial assessment, 13 ALS emergency
ambulance parking spaces might not be sufficient to accommodate the current emergency scenario. Enhancing EMS
efficiency requires the integration of geospatial data with facility location models and the application of the value of
statistical life (VSL) economic concepts derived from Willingness to Pay (WTP) to systematically prioritize space and
investments [10, 11].
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Figure 1.
Geographic location of study area: a) Thailand, b) Bangkok, c) Aera 9 districts and road network.

The goal of this study is to create a model that can properly assign emergency ambulance parking spots. To improve
the EMS system's efficiency so that, in accordance with the accepted standards, patients can be reached within 8 minutes.
In order to properly arrange the selection sequence under resource restrictions, the Set Covering Problem model with a
Greedy Algorithm is utilized [12]. Multi-criteria decision-making techniques such as TOPSIS were also applied [13]. To
cover areas in high-density regions, Nazarabadian et al. [14] proposed strategic models for emergency service allocation
Nazarabadian et al. [14]. Gago-Carro et al. [15] emphasized the importance of timely services in remote areas where
populations remain underserved [15]. These models often involve multiple objectives and incorporate the Value of
Statistical Life (VSL) data for policy decision-making [16]. VSL is calculated from data obtained through willingness-to-
pay (WTP) questionnaires using the double-bounded dichotomous choice CVM technique, which is an accepted method in
health economics research and safety policy analysis [17]. This technique is also appropriate for the economic conditions
and population structure of Thailand [18].

WTP will be higher according to the experience of the assessor. If the assessor or their family members have
experienced an emergency illness, they are more likely to pay to reduce the risk or chance of a similar incident [19]. This
reflects a human behavioral tendency to avoid reliving traumatic or violent experiences they have encountered [20]. And
when the WTP value is used to assess the VSL, the value obtained helps in making investment decisions so that the EMS
system can respond to emergencies in a timely manner that is worthwhile. When compared to the costs incurred from the
loss of life, this is due to the increased treatment costs associated with severe symptoms, because the emergency ambulance
is slow to reach the patient at the scene.

2. Materials and Methods
2.1. Study Area

The study area covers 9 districts in the northwest of Bangkok, encompassing an area of 712.10 square kilometers. The
area was selected using 12 years of historical statistical data (2010-2022) from EMS data provided by the National Institute
of Emergency Medicine (NIEM), along with population data, area size, and ALS parking locations in hospitals. All data
were analyzed spatially using a geographic information system (GIS) to identify regions that still cannot receive timely
emergency medical services. According to the criteria of the National Institute of Emergency Medicine, emergency
ambulances must be able to reach emergency patients at the scene within 8 minutes from the time of notification. The study
area is spatially diverse, comprising business districts, densely populated residential areas, and suburban zones. During rush
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hours, the average travel speed in high-activity zones is approximately 30 kilometers per hour, which directly impacts the
efficiency of emergency medical services [6]. In areas with high activity, there are often many emergency reports [9]. Road
accidents, in particular, are a major cause of sudden death in urban areas [21].

2.2. Data used in the Research
This study uses data from four primary sources:
2.2.1. Demographic and area data: area size, population density, frequency of emergency ambulance calls, and road

routes
2.2.2. Ambulance parking coordinates: government hospitals, private hospitals, schools, and Public Health Centers

(PHCs)

2.2.3. Response Time data: average emergency patient access at the scene

These three groups of data are secondary data from two government agencies: the National Institute of Emergency
Medicine and Bangkok City Hall.

2.2.4. The VSL data is calculated from information obtained through the Willingness to Pay (WTP) questionnaire,
which employs the double-bounded dichotomous choice contingent valuation method (CVM) technique. Better resource
allocation and response times will be made possible by this information, which will be essential for assessing the efficacy
of urban emergency medical services. Understanding the connections between hospital locations, ambulance call volume,
and population density can help us enhance overall emergency response planning.

An Overview of Emergency Medicine in Thailand
And the Definition of the Study Area

)

Analysis of Spatial Data and Demographic
Characteristics of Bangkok

)

Determination of Operational Parking spots
Using Geographic Information Systems (GIS)
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| |
v
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Figure 2.

Flowchart of the research methodology

2.3. Value of a Statistical Life: VSL

This research uses the VSL value as an important variable, helping to identify the urgency of each ALS emergency
ambulance point that was initially determined in each area. It can also assist in considering the appropriate budget
allocation for each area. The obtained VSL value does not depend solely on household income levels. Other influential
factors include perceptions based on experiences of the emergency itself or with family members. The age of household
members is also related; families with young children or elderly individuals tend to affect the WTP used to calculate the
VSL. Additionally, the ratio of emergency ambulances to the population in the area is a significant factor influencing
response time in each area [22] especially in densely populated areas.

The VSL valuation was conducted through the assessment of people's willingness to pay (WTP), which reflects the
value that individuals are willing to pay for themselves or their family to reduce the risk of a medical emergency [23]. The
questionnaire was designed based on the principles of the Contingent Valuation Method (CVM), which is an accepted
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method for valuing things that are difficult to measure in monetary terms, such as the value of the environment and the
value of health [10, 11].

The sample group in this study consisted of people aged 18 years and over in the Bangkok area. According to the table
of Krejci and Morgan, the sample size was at least 384 people at the 95% confidence level [24] and it was increased to 400
people for convenience in evaluation and data analysis. The sampling technique used was Quota Sampling to cover the
population in different areas in a balanced manner. The analysis was conducted with a Logit Model using Maximum
Likelihood Estimation (MLE) to estimate WTP for access to emergency medical services within 8 minutes and was used to
calculate the value of life statistics (VSL) of the target population. The willingness-to-pay functions are in the form of a
linear equation.

WTP =) X5 +¢ (1)

i=1
WTP is the willingness to pay. Xi is the independent variable that is expected to affect the willingness to pay. Has the

coefficient of the variable obtained from the estimation been the error vector. ﬂ, is the vector of errors. €; is the number

of independent variables.
If we combine the answers obtained from the 4 models and write them as a Likelihood Function as follows

L, (8% 1t)=Pr(Bx, +¢, >Bid", fx, +¢, 2 Bid*)" x
Pr(f'x, +&, 2 Bid", fx, +&, <Bid*)™ x

U=
Pr(fx, +¢,Bid", Bx,, +&, >Bid*)" x
Pr(fx, +¢& <Bid", Bx, +¢, <Bid*)™
The statistical valuation of life is calculated by dividing the willingness-to-pay value by the risk that can be changed to

decrease or increase, as in the equation.

OWTP
VSL=— )
OR
VSL is Value of a Statistical Life. 4 WTP is willingness to pay to avoid potential risks. 4R is a change in risk that

decreases or increases.

Table 1.

Estimation of the Mean Willingness to Pay.

Statistical Estimates

Log-likelihood: -469.759

Mean Willingness to Pay (WTP): 530.63

95% Confidence Interval for Mean WTP (463.82-597.44)
Value of a Statistical Life (VSL) = D‘S’;P = 81593:'1603_5 = 6,557,873 Thai Baht (THB)

AR was estimated based on increased mortality rates associated with cardiovascular and respiratory diseases.

2.4. Spatial Analysis Using Geographic Information Systems (GIS)

Population density maps were created using a geographic information system (GIS) program to show areas according
to population density, which is important information for determining the location of ambulance parking spots in line with
the road network [25] considering factors affecting the ability of emergency ambulances to reach patients in a timely
manner [9].

The study area has a complex infrastructure and diverse behavioral characteristics of service users [26]. Therefore, it is
necessary to systematically plan the area. Starting from finding the distance to reach the patient within 8 minutes along the
actual road by analyzing the Service Area from the original 13 parking spots. The GIS analysis found that there were many
service gaps in the area. Initially, additional ALS emergency ambulance parking spots were determined to be appropriate
for the area and the needs of the people in each district [27]. Considering the locations that can be used together with
agencies under the supervision of Bangkok City Hall for convenience in policy coordination in the case of requesting
access to some areas together, the parking spots are determined at 26 Public Health Centers (PHCs) and 23 schools, with a
total of 49 new parking spots. When combined with the original 13 parking spots, there will be a total of 62 ALS
emergency ambulance parking spots, covering both densely populated areas and suburban areas.
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Figure 3.
a) ALS ambulance parking in hospital (2021), b) Coverage areas 13 Location.
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Figure 4.
Preliminary Allocation Plan for ALS Emergency Ambulance Parking Spots.

Figure 4 shows the population density in each subdistrict. We divide the population density data into 6 levels, ranging
from 299-655 people per square kilometer to 5,566-7,644 people per square kilometer. Darker colors indicate higher
population density, which is an area with high demand for EMS services. This is important information for allocating
ambulance parking spots appropriately according to population density.

2.5. Set Covering Problem (SCP)

The Set Covering Problem (SCP) model is used under the condition of limited resources [28, 29]. This model is
applied to identify emergency ambulance parking spots that can reach patients within 8 minutes in Bangkok [30] using the
greedy algorithm heuristic, more ambulance parking spots were allocated based on the idea of covering the service area as
much as possible under resource constraints [16]. The heuristic concept is effective in solving the SCP problem with
constraints [31] which can be applied to EMS systems that help cover the service area as much as possible first in each
round of processing. Then, gradually add parking spots in the next round until the overall service is complete under the
condition of limited resources [12, 29].

SCP (Greedy Heuristic) helps to determine the least number of emergency ambulance parking spots while still being
able to cover the area. The VSL value is applied instead of the cost of opening the service. It will select the spots with the
highest value of life first, differing from the previous model that selects the spots with the lowest cost first. Set of possible
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service points (Potential Facility Sites), Set j =1...n. Set of demand areas (Customer Sites), Set i =1...m. Parameters ¢ is
the cost of setting up a service point at the location j. a;;=1 If the service point is located at J . Can provide service at the
location i, 0 If service cannot be provided. Variables x;=1 if a service point is set, 0 if no service point is set.

n

Objective Function:  Aginimize Z cx. (3)
n JJ
j=l
Constraints: Subject to Z aijsz 1 i=1,2,..m Q)
Ji=1
xj=00r1 j=1,2,....n )

The goal of Equation 3 is to identify the minimum number of stations needed to reduce costs while still ensuring
coverage for all incident points within a specified time frame constraint. Equation 4 requires that every incident point ( j )

be served by at least one station within a given time frame. This means that for each incident point, there must be at least

one station that can be reached within the critical time coverage. Equation 5 requires the value of the variable XJ- to be the
number 0 or 1.

Using Value of Statistical Life (VSL) instead of cost C j

n
Substitute ~ WTP. = Z X.B,+€  Enterinto the equation VSL = %
i1
New equation of will become
A Z ﬁfx“+ e;
VSL= Af = ©
R
Whereas Cj = VSL. Substituting Equation 6 into Equation 3 will yield the new Set Covering Problem Model.
n
Minimize » VSL.X W
-1

Set Covering problem calculation using a greedy heuristic to reduce the number of emergency ambulance parking
spots initially determined. The selected location is the one that can cover the most, based on the life value, by selecting the
point with the highest VVSL value first.

Greedy Heuristic for Solving the Set Covering Problem

Let VSLJ =Cj

Step 1: If Cj = Max, forany j=1,2,...,n, assign Xj = 1 and remove all coverage constrains (rows) where Xj appears
with a coefficient of +1.

Step 2: If Cj <Max, forany j=1,2,...,n,and XJ- does not appear +1 in any remaining constraint, assign Xj =0.

C.

Step 3: For each remaining variable, define d—’ , Where dj is the number of constraints in which Xj appears with a
j

S

dk

appears with a coefficient of +1. Then, verify the resulting model.

Step 4: If there are no remaining constraints, assign all remaining variables a value of 0 and stop. Otherwise, return to Step
1.

coefficient of +1. Select the variable k for which is maximum, set X, =1, and remove all constraints in which X,
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Table 2.
Pseudo code.

Greedy Algorithm: Set Covering Problem
1. x—@ [/ Initialize the solution set as empty
2. while Constraint # @ do // Repeat until all constraints are satisfied
foreachjin1ltondo
if ¢; = Max then
Xj—1
Remove all constraints in which x; appears with a coefficient of +1
else if xjdoes not appear in any constraint (coefficient +1) then
Xj «— 0
. end for
10. For each remaining variable x;, compute S(x;) = number of constraints in which X;appears with coefficient +1
11. Select the variable x;with the highest S(x;)
12, X« 1
13. Remove all constraints in which x; appears with a coefficient of +1
14. end while
15. For each variable x; iithat is still undefined — Xj < 0

16. return x

CONOO AW

After selecting the appropriate emergency ambulance parking spots using the Set Covering Problem (SCP) model,
an iterative evaluation was performed using the same initial data through the TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) method, which is a multi-criteria decision-making technique that can efficiently prioritize the
suitability of options [32].

2.6. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

TOPSIS uses four criteria for consideration: population density per area, area size, distance from the parking spot to
the accident scene, and the value of statistical life (VSL). All four criteria are weighed using the entropy technique [33].
The highest weight is given to VSL, followed by population density per area, area size, and distance, respectively.

Bring the factor scores to normalize the decision matrix

v

Calculate the Vij (x) value from
normalized the decision matrix * factor weight

v

Define the Positive Ideal Solution (Si*) and the Negative Ideal Solution (Si)

y

Calculate the distance between Vij (x) and the Positive Ideal Solution (Si*),
and the distance between Vij (x) and the Negative Ideal Solution (Si~).

y

Calculate the Closeness Coefficient (Ci) to the Ideal Solution
and rank the priorities.

Figure 5.
Working steps of the TOPSIS method.

The TOPSIS (Technique for Order Preference by Similarity to Ideal Solution) method evaluates alternatives based on
their geometric distance to the ideal and negative-ideal solutions [34]. The procedure includes normalization, weighting,
determination of ideal solutions, separation calculation, and final ranking based on closeness coefficients.

The priority of parking spots obtained from the TOPSIS method was compared with the priority of parking spots from
the Greedy Algorithm to analyze the differences in areas with dense populations. The examination was conducted to
identify suitable locations, and the results were used to support policy decision-making.

3. Results and Discussion
3.1. Analysis of EMS System Coverage Area

The analysis of EMS service coverage area from the road network using the Network Analyst function in the GIS
system found that the original parking spots in 13 hospitals covered 16.13% of the area within a travel time of no more than
8 minutes during rush hour with an average speed of 30 km/h. Meanwhile, the models using the Greedy Algorithm and
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TOPSIS to increase parking spots, which increased the total number to 48, were able to significantly increase the coverage
rate, which was 73.39% and 63.30%, respectively, under the same conditions. When compared to improved traffic
conditions (at speeds of 45 and 60 km/h), the coverage of the models increased sequentially, with the Greedy model
providing the highest coverage at 95.45% and the TOPSIS model at 93.95% when calculated from an average speed of 60
km/h. This study shows that the design of a distributed parking network can increase the chance of reaching patients within
the standard time more efficiently than the original system.

Road Network Coverage

100.00 90.47 95.45 93.95
82.63
80.00 73.39
63.30
60.00
40.00
18.27 23.39
20.00 16.13 :
— -
Avg. 30 km/h Avg. 45 km/h Avg. 60 km/h

Il Greedy 48 Location [l TOPSIS 48 Location [l Hospital 13 Location

Figure 6.
Emergency Road Network Coverage within 8-Minute Response Time under Different Average Speeds and Allocation Methods.

3.2. Additional Parking Allocation Results Using SCP and TOPSIS Models

Using the Set Covering Problem (SCP) model, along with the Greedy Algorithm and the Multi-Criteria Decision-
Making Technique (TOPSIS), helps find additional parking spots effectively, particularly in crowded areas with many
emergency risks. Comparing the top 10 rankings of both methods provides insights into their relative performance and
suitability for specific scenarios Table 2: Khlong Sam Wa District appears in 4 out of the top 5 rankings in both models,
while Bang Khen District also appears in the top rankings, reflecting the consistent spatial importance between the two
models despite using different evaluation criteria.

The value of life (VSL), population density, area size, and access distance are all considered by TOPSIS, which has the
advantage of increasing the accuracy of parking spot allocation, particularly in locations with high population density.
Figure 8 vs Figure 7b.

In comparison, while the Greedy Algorithm makes decisions based on one main factor, it shows the best coverage rate,
as seen in Figure 7a, which shows results calculated at an average speed of 60 kilometers per hour. The Greedy model can
cover 95.45% of the area, while TOPSIS provides a coverage value of 93.95%, and the original parking system only covers
23.39%.

In addition, TOPSIS is also capable of identifying parking spots that SCP may not choose but are spatially and
economically important, such as Sam Wa Tawan Tok PHC and Wat Ko Su-wan-na-ram School, which helps open
perspectives for EMS system planning to cover more social dimensions.

The comparison results clearly indicate that SCP is suitable for maximizing coverage, while TOPSIS helps enhance
policy criteria. It enables the selection of parking spots in areas that may be overlooked by SCP but are of social
importance.
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ge within 8 Minutes: Greedy Heuristic

gency 9
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Emergency response coverage within 8 minutes under different models: a) Greedy Heuristic-based ambulance parking locations, b) TOPSIS-based
ambulance parking locations.

Table 3.
Comparison of Top 10 Additional ALS Emergency Ambulance Parking Locations by Greedy and TOPSIS Methods.
L o . Greedy | TOPSIS
Rank | District Subdistrict | Type Location Name Rank Rank
1 Khlong Sam Wa Bang Chan PHC Em? Chan 3 1
2 Khlong Sam Wa Bang Chan School Sulao Khiong 1 1 2
School
Bang Khen Tha Raeng School | Rat-ta-na-ko-sin Som-poch School 4
Sam Wa Sam Wa Tawan Tok
Khlong Sam Wa Tawan Tok PHC PHC —
Sam Wa Wat Paen Thong
5 Khlong Sam Wa Tawan Tok School School 2 5
6 Don Mueang Don Mueang | School | Wat We-lu-wa-na-ram School 8 6
7 Bang Khen Anusawari PHC Wat Trai-rat-ta-na-ram PHC 7 7
- Khlong
8 Sai Mai Thanon School Wat Ko Su-wan-na-ram School - 8
9 Don Mueang Si Kan PHC 'F\,":Eta Bo-ri-baan 10 9
10 Bang Khen Anusawari PHC Mother and Child — 10
PHC
4. Conclusion

The analysis found that areas with high population density have more medical emergencies, resulting in higher Value
of Life (VSL) than other areas, reflecting the potential economic and social losses. Therefore, the establishment of
additional ambulance stations in high-density areas can significantly improve the efficiency of the EMS system. Although
some areas already have primary hospitals, the addition of secondary stations, such as public health centers (PHCs) or large
educational institutions, can help expand the service area, especially during rush hour when the average speed is reduced to
30 km/h, which limits the 8-minute access radius to approximately 4 kilometers. In areas with low population density, there

is still a need to establish additional ambulance stations to ensure equal access to EMS services.
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Figure 8.

A comparison of the number of parking spots available using the Greedy and TOPSIS methods in conjunction with VSL.

Also, using VSL criteria along with population data, road networks, and response time combines different types of
information, making EMS planning more precise and focused on policies than if we only looked at physical distance. The
results indicate that EMS planning based on mathematical models coupled with spatial data and policy factors can produce
better performance than traditional planning that relies only on hospital location. In conclusion, integrating diverse data
sources and analytical models enhances EMS planning effectiveness, leading to improved response times and resource
allocation.
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