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Abstract: Emergency service facilities play a pivotal role in mitigating the impact of fire disasters in
urban areas. This research article delves into the critical aspects of analyzing service coverage for
emergency facilities in relation to fire disaster risk in Chiang Rai city—a strategic hub in northern
Thailand. Focusing on fire disaster risk merchandise and shops, categorized by the type of haz-
ardous materials they store and sell, this study leverages facility location data obtained through web
scraping from Google Maps. Utilizing spatial analysis and Geographic Information Systems (GISs),
this research evaluates the reachability of emergency services, assessing travel times and coverage
efficiency. The findings reveal significant disparities, particularly within the critical 3 min response
window, highlighting the need for strategic improvements. This study offers actionable insights for
urban planners and policymakers, advancing the integration of spatial technology in urban disaster
management to enhance public safety and resilience.
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1. Background

As urbanization accelerates, the threat of fire disasters becomes increasingly pro-
nounced, particularly in densely populated cities like Chiang Rai city, the strategic city in
northern Thailand known for residents both Thai and other ethnic groups, cross-border
medical centers, and tourisms. This study addresses the urgent need for comprehensive
emergency service coverage by conducting a spatial analysis of emergency facilities in
relation to fire disaster risks. Utilizing advanced Geographic Information Systems (GISs)
and innovative web scraping techniques, this research assesses the current service coverage
and identifies critical gaps that may compromise urban safety.

The primary objective of this study is to bridge the divide between theoretical frame-
works and practical applications in urban disaster management. Through meticulous
spatial analysis and the integration of real-time data, this research not only evaluates the
effectiveness of the existing emergency services but also proposes strategies to enhance their
reach and efficiency. These insights are crucial for urban planners and policymakers aiming
to bolster disaster preparedness and response in rapidly expanding urban environments
like Chiang Rai city. This research contributes significantly to the field of urban science
by merging technological advancements with urban planning to tackle contemporary
challenges. The methodology adopted in this study builds upon established research on op-
timizing service coverage, assessing fire disaster risks, and applying GISs in urban contexts,
thereby establishing a solid foundation for the analysis and recommendations provided.
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1.1. Service Coverage for City’s Emergency Service Facilities

Optimizing service coverage is vital for ensuring that essential services are available
and accessible within a designated area. This concept holds particular importance in
various contexts, including the development of smart city infrastructure, strategic business
site selection, and the deployment of satellite edge computing technologies [1,2]. In urban
environments, optimizing service coverage plays a critical role in strategically positioning
facilities to maximize public benefits. Numerous studies have explored methodologies for
determining service coverage across various sectors, including transit systems [1], public
services [3], and healthcare facilities [4]. Key factors such as street connectivity, topography,
and population density significantly influence the delineation of service coverage areas [5].

Advanced assessment techniques, which leverage geospatial and demographic data,
have been increasingly automated to evaluate public service coverage in urban regions [6].
GIS and spatial analysis techniques have proven invaluable in examining the service
coverage of health facilities within residential areas. These studies underscore the necessity
of incorporating factors such as accessibility, distance, and topographical characteristics
when determining service coverage for different facility types within cities.

Service coverage for emergency service facilities is a crucial aspect of urban devel-
opment and disaster management. The availability of fire stations, medical facilities, and
other emergency services in urban areas significantly impacts response times and the effec-
tiveness of managing fire disasters. This study focuses on reviewing the existing literature
on service coverage for urban emergency facilities, particularly concerning fire disaster risk,
to highlight the importance of optimizing emergency response strategies.

1.2. Service Coverage Assessment

Assessing service coverage involves a comprehensive evaluation of the geographic
distribution of emergency facilities and their capacity to meet the population’s needs effec-
tively. This assessment is crucial for identifying gaps in service provision and enhancing
disaster preparedness. In this study, spatial analysis techniques are employed to evaluate
the service coverage of emergency facilities concerning fire disaster risk in Chiang Rai city.

1.2.1. Emergency Response Cut-Off Parameters

In urban areas, where high population density and complex infrastructure exacerbate
the risks associated with emergencies, response time is a critical factor. The ability of emer-
gency services to arrive at the scene within essential timeframes can be the difference be-
tween life and death, especially in incidents involving fires or other acute situations [7-11].
Research consistently shows that even slight delays in response times, such as 5 to 10 min,
can significantly increase mortality rates and property damage, highlighting the need for
rapid intervention [7,10]. This urgency is particularly acute in densely populated urban
environments, where risks are magnified, and the margin for error is minimal. Thus, opti-
mizing response times in urban areas is essential not only for saving lives and preserving
property but also for maintaining public trust and confidence in emergency services.

Determining the optimal service coverage for fire emergencies requires balancing sev-
eral factors, including distance, travel time, and, critically, the cut-off time—the maximum
acceptable response window before fire damage becomes severe. Table 1 represents studies
from around the world that provide valuable insights into these parameters, shaping how
fire response effectiveness is approached. Globally, cut-off times vary depending on context
and resource availability. Urban areas often prioritize shorter response windows, with
recommendations ranging from 5 min in Toronto [12] to 10 min in the U.S. [13]. For exam-
ple, a study on the Bangkok Emergency Medical Service Center (Erawan Center) found
that the response time for emergency medical services varied depending on the severity
of the emergency, with life-threatening cases receiving services within 10 min [14]. This
global body of research underscores the importance of tailoring cut-off times and distances
to specific contexts, considering factors like traffic patterns, population density, building
types, and resource availability. By carefully considering these elements and drawing
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upon diverse international studies, this study can work toward more effective fire response
systems, safeguarding lives, and minimizing property losses.

Table 1. Selected prior studies associated with spatial analysis and their significance.

Cut-Off Time

Region Site (Minutes) Study Area Reference

North America  Toronto, Canada 5 High-risk buildings and [12]
densely populated areas

North America United States 10 Most urban areas in the US [13]
Asia Thailand 10-15 Urban area in Bangkok [14]
Asia India 6-10 Urban areas in India [15]
Europe United Kingdom 8 UK [16]
Asia Singapore 6-7 All areas within [17]

Singapore

1.2.2. Existing Emergency Service Coverage Studies

Emergency service facilities in urban areas are designed primarily to ensure effective
coverage for medical emergencies and to minimize response times. Table 2 represents
various models and methodologies that have been proposed to enhance the coverage
of these facilities. One notable approach integrates Data Envelopment Analysis (DEA)
and the Maximum Coverage Location Problem (MCLP) to pinpoint optimal locations for
new facilities, thereby maximizing service efficiency [18]. Another study examines the
assessment of ambulance dispatch coverage and emergency service facilities using GIS
applications alongside primary and secondary data [19]. Addressing the uncertainties
inherent in response times and demands, another paper utilizes uncertainty theory to tackle
the location problem of emergency service facilities [20]. The localization problem for fire-
fighting services is also a subject of investigation, considering dynamic changes throughout
the day and population migration [21]. Moreover, the Maximal Service Area Problem
(MSAP), a facility location model, utilizes GIS capabilities to expand the total service area
of emergency facilities [22]. Recent studies continue to build on these methodologies, such
as a study by Seong et al. (2023) on heat-related EMS delays in Austin—Travis County,
employing spatiotemporal analysis to examine EMS response time delays [23]. Banke-
Thomas et al. assessed emergency obstetric care accessibility in Lagos, Nigeria, using
geographical coverage indicators and integrating traffic variability [24].

1.3. Fire Disaster Risk in Urban Areas

Fire disaster risk in urban areas poses a significant threat, given the potential for the
extensive loss of life and property. Numerous studies have been conducted to assess and
mitigate this risk. For instance, Noori et al. developed an urban vulnerability index map
using multi-criteria decision-making methods to identify areas at a heightened risk of fire in
Ardabil city, Iran [25]. Dandoulaki et al. emphasized the importance of integrating disaster
risk management into spatial planning, using the reconstruction of the Mati settlement in
Greece after a devastating forest fire as a case study [26]. Similarly, Palazzi et al. conducted
a fire-risk assessment in the historic center of Yungay, Chile, identifying vulnerabilities to
inform risk reduction strategies [27]. Rani et al. applied a hierarchical integrated spatial risk
assessment model to pinpoint fire hazard areas in an Indian study, underscoring the need
for coping mechanisms and a comprehensive fire information system [28]. Additionally, a
global study generated a data layer of the wildland-urban interface (WUI) and identified
regions with high wildfire risk, such as the United States, Brazil, and Africa [29].
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Table 2. Objective and method used in past spatial studies.

Reference Objective Method
Use a combination of Data Envelopment Analysis (DEA) and
[18] Ma.x.lr.num Coyera.ge Locatlon. Problem (MCLP) to locate emergency DEA and MCLP
facilities, considering population density, crashes, ambulance speed,
and budget constraints.
Assess coverage of ambulance dispatches and emergency service Five-stage methodology aimed at
[19] facilities, highlighting the need to improve emergency care in identifying urban areas with deficiencies in
low-income neighborhoods. emergency attention.
Address the location problem of emergency service facilities under =~ Uncertain location set covering model—(«,
[20] uncertainty, proposing models and methods for solving uncertain [3)-maximal covering location model and
location set covering and the Maximum Coverage Location Problem.  «-chance maximal covering location model
Address resource allocation problems in emergency service systems, Develop a Computer-lmpllemented mo del
. . - . : to explore system behavior, computing
[21] focusing on response units, their locations, and assignment methods ;
) O 1 o performance measures to achieve
to improve system performance and minimize spatial inequities. . . -
region-wide objectives.
[22] Use GISs to generate service areas in the Maximal Service Area Genetic algorithm (GA), tabu search (TS),
Problem and improve coverage of fire stations in South Jakarta. simulated annealing (SA)
Study heat-related EMS delays in Austin-Travis County using Spatiotemporal analysis for EMS response
23] spatiotemporal analysis, OLS, and GWR models to reveal factors time delays. Ordinary Least Squares (OLS)
affecting EMS response time delays, morning and evening delays, and Geographically Weighted Regression
clustering in outskirts, and demographic impact on delays. (GWR) models.
Estimation of geographical coverage
Assess emergency obstetric care accessibility in urban Nigeria using fiﬁil;aetsorfnizr f?ﬁifi?%?ﬁfiﬁﬁ?ﬁ
[24] travel time. Identify facility locations, travel times, and population ) & Y

distribution for care.

and use of higher-resolution spatial scale.
Consideration of bypassing nearest facility,
routine travel, and vehicle availability.

Urban areas are particularly susceptible to various types of fire disasters due to their
dense populations and the prevalence of commercial establishments. Understanding the
nature and extent of fire disaster risk is crucial for effective emergency service planning.
This section of the article delves into the specific fire disaster risks faced by urban areas,
with a focus on Chiang Rai city. The findings from this research are intended to inform
and guide urban planners and policymakers in enhancing fire disaster preparedness and
response strategies.

1.4. Spatial Analysis and GIS Applications

Spatial analysis and GIS are indispensable tools across various disciplines, particularly
in environmental monitoring and urban planning. These tools enable the identification,
modeling, and visualization of spatial data, such as population density, natural growth
dynamics, and the distribution of critical resources [30]. By integrating and managing
multi-source and heterogeneous data, spatial data collection, processing, analysis, sharing,
and service can be significantly enhanced [31].

GIS techniques, when combined with remote sensing and spatial analysis, are par-
ticularly effective for monitoring and assessing environmental risks, such as water and
soil pollution, air quality, and wind erosion hazards [32]. Furthermore, spatial analysis
and remote sensing can support environmental impact assessments by providing baseline
information, understanding spatial and temporal patterns, and facilitating decision-making
processes [33]. In the context of urban disaster management, spatial analysis and GIS
applications offer powerful tools for examining the distribution of emergency facilities,
identifying risk factors, and assessing the accessibility of services. This study explores the
applications of GISs in assessing the service coverage of fire disaster risk facilities in Chiang
Rai city, highlighting the critical role that spatial analysis plays in disaster management.
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Through GISs, this research aims to provide actionable insights for improving emergency
response strategies, ensuring that urban areas are better equipped to handle fire disasters.

1.5. Web Scraping and Geospatial Data

Web scraping is a powerful technique for collecting geospatial data from the World
Wide Web, providing researchers with valuable insights into geographic patterns and pro-
cesses. This method allows for near-real-time access to geolocated data at the object level,
which can be captured in a cost-effective manner. However, web scraping presents unique
challenges, particularly related to location, including ethical and legal concerns such as
intellectual property rights, informed consent, and privacy issues [34]. Additionally, techni-
cal, and statistical challenges, such as data inconsistencies, biases, and limited historical
coverage, can affect the quality and reliability of the data [35,36]. Geospatial analyses often
require the automated extraction and resolution of toponyms or addresses, which adds
another layer of complexity to the process [37]. Despite these challenges, web scraping has
been successfully utilized in various fields, including marketing, where it is used to gather
data from dynamic web environments. Ensuring the validity of these datasets necessitates
the careful consideration of the associated technical, legal, and ethical concerns.

In the context of this research, web scraping is employed to collect and analyze
geospatial data from interactive maps and other publicly available web resources. This
method is particularly useful for gathering data on the locations of fire-risk merchandise
shops and emergency facilities. The data obtained through web scraping play a crucial role
in the spatial analysis conducted in this study, enabling a more dynamic and up-to-date
assessment of emergency service coverage in Chiang Rai city.

2. Methodology

This research employs a comprehensive methodology to analyze the service coverage
of emergency facilities in Chiang Rai city, Thailand, with a particular emphasis on their
efficiency in responding to fire-risk situations, as illustrated in Figure 1, which outlines the
study’s roadmap. The methodology integrates advanced geospatial analysis techniques,
including GIS data overlaying, travel time and distance analysis, and an assessment of
service coverage efficiency.

e . : : Coverage effectiveness :
Data Acquisitions Data Overlaying Spatial analysis & : Recommendations
Evaluation
| | | |
Emergency t Emergency - Travel Time t
Response Facility [=» Response Facility Trav.el Time and COVErage Ll within cut-off 1
b | distance Calculation " ] o —T
locations (Lat-Long) ] Overlay . . timeframes i| Implication of findings
| i l i i| and suggested strategies
—— i ' Tsochn ; : ' ! for emergency response
MFltt;Rl;l_( | Fire-Risk ri‘)acch:;itw;r:;lsr :f Coverage distance | | 1|  improvement plan
ferchandize Merchandize ye > ||  within cut-off i
Facility locations ! Facility Overl. emergency services within timeframes |
(Lat-Long) t actity Pveray cut-off timeframes :
| | | |
| | | |
| | | |
Tools: | Tools: | Tools: OpenRouteService | Tools: OpenRouteService !
+  Google Maps I+ QGIS | (ORS), aQGIS plug-in | (ORS), aQGIS plug-in |
*  Web scraping (GIS |« OpenStreetMap i i |
data | | i |

Figure 1. The study’s roadmap.

The analysis categorizes the data by the type of emergency facility and examines
various factors that influence travel time and distance, including the type of emergency
vehicle, the type of road, and the urban/rural speed limits. The initial phase involves a
descriptive analysis of the dataset to understand the distribution and characteristics of
emergency facilities and fire-risk merchandise locations. Key metrics include average travel
time, distance, and spatial distribution across the district.
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The first step in the methodology involves meticulous data acquisition. The study
employs web scraping techniques to gather detailed information on the locations of emer-
gency facilities and fire-risk areas. Utilizing the Instant Data Scraper [38], a Google Chrome
extension, the study extracts structured data from Google Maps, focusing on key param-
eters such as facility names, types, and geographic coordinates. These data form the
foundation of analysis, enabling us to map the locations of emergency services and fire-risk
facilities accurately.

Subsequently, the study conducts an in-depth GIS data overlaying process, where
these locations are plotted onto OpenStreetMap using QGIS version 3.28 [39], revealing
their spatial relationships and distribution patterns. This step is followed by a detailed
travel time and distance analysis, informed by isochrones generated through the Open
Route Service (ORS), a QGIS plug-in application [40], which considers local road networks,
traffic conditions, and legal speed limits to assess the accessibility of emergency facilities.
Finally, the study evaluates the service coverage efficiency of these facilities, determining
their reach and effectiveness within various time thresholds.

This comprehensive approach not only highlights the current state of emergency
services in the region but also identifies potential areas for improvement, contributing
to more informed and effective emergency response strategies. The subsequent sections
detail the specific steps and analyses undertaken in this study, providing a clear and precise
description of the experimental results, their interpretation, and the conclusions that can be
drawn from them.

2.1. Identifying Emergency Facilities and Fire-Risk Facilities

The first critical step in the analysis is the identification of emergency facilities and
fire-risk facilities within Chiang Rai city. This process is foundational to the subsequent
spatial and service coverage analysis, as it ensures that the dataset is both comprehensive
and relevant. To identify these facilities, the study employed a targeted approach using
specific keywords. For fire-risk facilities, keywords such as “chemical fertilizer supplier”,
“gas shop”, and “gas station” were utilized. These terms were strategically selected to
represent a wide spectrum of potential fire hazards, considering both the nature of the
operations and the materials handled at these locations. Similarly, for emergency facilities,
keywords like “police station”, “fire station”, “disaster prevention and mitigation center”,
and “hospital” were used. These facilities are pivotal in emergency response, and their
identification is essential for a thorough analysis of service coverage.

The significance of this step cannot be overstated, as it establishes a solid foundation
for the entire study. By capturing a wide array of facilities associated with emergency
response and fire risk, the study ensures that the analysis is not only comprehensive but
also directly applicable to the urban safety challenges faced by Chiang Rai city.

2.2. Facilities Location Acquisition Using Data Scraping

The acquisition of precise location data for facilities is a critical component of this
study, and data scraping proved to be an innovative and effective method for gathering the
necessary geospatial information. The use of the Instant Data Scraper, a Google Chrome
extension, is particularly noteworthy in this research. This tool is adept at extracting
structured data from dynamic web pages, such as those on Google Maps, which is essential
for the study’s purposes. The scraping process the study employed was systematic and
efficient. By activating the Instant Data Scraper on Google Maps pages that displayed search
results for the specified keywords, the study was able to automatically extract relevant data
points, including facility names, types, latitude, longitude, and other available metadata, as
shown in Figure 2. This process ensured a high-level of accuracy and comprehensiveness
in the dataset.
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Figure 2. Facility GIS data scraping from Google Maps using Instant Data Scraper application. Source:
Google Maps.

The scraped data then underwent a rigorous process of verification and cleaning. This
step was crucial to ensure the accuracy and relevance of the data. It involved formatting
and standardizing the data for GIS analysis, thereby making it usable for the subsequent
geospatial analysis. The accuracy and comprehensiveness of the data scraping methodology
directly influenced the quality of the spatial analysis and the reliability of conclusions
regarding emergency service coverage and preparedness. This approach demonstrates
how modern data acquisition techniques can be leveraged to obtain crucial geographic
information efficiently. It highlights the intersection of technology and geographic research,
opening avenues for more sophisticated and detailed spatial analysis in various fields.

2.3. Geospatial Analysis

The geospatial analysis at the core of this study synthesizes the scraped data into
actionable insights, encompassing GIS data overlaying, travel time and distance analysis,
and service coverage efficiency assessment. Each of these elements plays a crucial role in
understanding the spatial dynamics of emergency service coverage in Chiang Rai city. The
first phase is GIS data overlaying, which involves integrating the locations of emergency
and fire-risk facilities into a GIS using QGIS version 3.28 software. This process not only
maps these locations but also reveals the spatial relationships and distribution patterns
across Chiang Rai city. By visualizing these patterns, the study establishes a foundation for
deeper analysis, particularly in terms of accessibility and coverage.

The next step is travel time and distance analysis, which shifts the focus to the prac-
ticalities of emergency response. Here, the study examines how swiftly and effectively
emergency services can be delivered to fire-risk locations. Using the ORS extension in QGIS,
the study conducted a detailed travel time and distance analysis. This analysis considered
real-world factors such as local road networks, way types, and speed limits to determine
the reachability of emergency services within critical cut-off timeframes. This element
of the study is vital for emergency management and planning, as it provides a realistic
assessment of the service coverage area.

The final aspect of the study’s geospatial analysis is the assessment of service coverage
efficiency. This involves evaluating how effectively emergency facilities can respond within
various travel time thresholds—3, 5, and 10 min. By calculating the percentage of fire-risk
facilities reachable by emergency services within these intervals, the study gains valuable
insights into the overall efficiency of the service coverage. This analysis not only highlights
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areas where current emergency services are performing well but also identifies potential
gaps in coverage that could be addressed to improve emergency response strategies.

3. Case Study
3.1. Study Area

Chiang Rai city, located in Chiang Rai province, northern Thailand, serves as the
focal point of this case study. With an estimated population ranging between 200,000
and 250,000, the city spans an area of approximately 1286 square kilometers, see Figure 3.
This gives it a population density of roughly 155 to 195 individuals per square kilometer.
The city’s strategic position in northern Thailand makes it a vital hub for residents, cross-
border medical centers, and tourists, contributing to the city’s dynamic and complex
urban landscape.
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Figure 3. Map of Chiang Rai city (study area), Chiang Rai province, Thailand. Source: OpenStreetMap
and QGIS.

3.2. Data of Emergency and Fire-Risk Merchandise Facilities

Chiang Rai city is supported by a network of essential emergency services that play a
critical role in maintaining public safety and mitigating disaster risks. The city hosts nine
disaster prevention and mitigation centers (DPMCs), which are fully equipped with a range
of emergency response equipment and machinery to handle various disaster scenarios,
including fires, floods, and chemical incidents. These centers are also responsible for
coordinating disaster response and mitigation efforts across the district.

In addition to the DPMCs, Chiang Rai city is home to 18 hospitals, ensuring that
residents and visitors have access to necessary healthcare services during emergencies and
medical crises. The presence of nine police stations further enhances law enforcement and
public safety, reinforcing the district’'s commitment to maintaining order and effectively
responding to various incidents. The city also faces challenges related to fire risk due to the
presence of facilities handling hazardous materials. The city hosts 15 agrochemicals’ shops
and 28 household liquefied petroleum gas (LPG) shops, both of which involve potential
fire hazards. Moreover, the city contains thirty-five gas/petrol stations, highlighting the



Urban Sci. 2024, 8, 140

9 of 15

need for stringent safety measures and regulatory oversight to minimize fire risks and
environmental hazards.

Figure 4 illustrates the spatial distribution of these emergency and fire-risk facilities
across the city, providing a foundation for the subsequent spatial analysis. This compre-
hensive mapping underscores the district’s responsibility to ensure adequate emergency
facility coverage and highlights the importance of proactive measures to mitigate potential
emergencies and disasters effectively.
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Figure 4. Facilities” overlay for spatial analysis. Source: OpenStreetMap and QGIS.

4. Results

This research embarked on a comprehensive exploration of the dynamics surrounding
emergency service coverage in Chiang Rai city, Thailand, with a particular focus on fire
disaster risk. The analysis spanned multiple facets, including geospatial distribution, travel
time efficiency, and the effectiveness of service coverage by emergency facilities. This
section presents the findings from each analytical component, weaving them together to
form a cohesive understanding of the current state of emergency services in the city.

4.1. Travel Time and Distance Analysis

The study began by evaluating the efficiency of emergency response in terms of travel
time and distance, considering various influencing factors. This involved a thorough factor
analysis to examine the impact of different variables such as vehicle type, road type, surface
condition, and speed limits on travel time and distance. Statistical methods were employed
to determine the significance of these factors, ensuring a comprehensive understanding
of what affects emergency response times and distances. The data were meticulously
grouped and prepared, with segmentation based on factors like vehicle type and road type.
Descriptive statistics were then used to compute the average travel time and distance for
each group, providing a clear picture of the current state of emergency response efficiency.
A GIS-based network analysis was conducted to determine the most efficient routes from
emergency facilities to fire-risk locations. This approach allowed for the calculation of the
shortest and quickest paths, which is crucial for assessing the actual reach of emergency
services within critical time frames.
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The results revealed that the average travel times to reach fire-risk locations were
2.98 min for DPMCs, 2.60 min for hospitals, and 2.74 min for police stations, as shown in
Figure 5a. These findings highlight efficient emergency response capabilities across the
district, showcasing the effectiveness of the current emergency infrastructure in ensuring
timely assistance in crisis situations. The average distances to fire-risk locations were
1.94 km for DPMCs, 2.36 km for hospitals, and 1.72 km for police stations. This spatial
distribution indicates a strategic alignment of emergency services with the potential to
respond swiftly in fire-risk scenarios, as illustrated in Figure 5b.

6.00 6.00
’@ 5.00 4.94- 5.00
3 z
g 4.00 2 4.00
% Ll 34 330 e 32
Q
% 3.0012.93 k| 3.00 28
A 23 17 .
A 2.00 > 2200 2.08!
° 1.6 1.6 s
8 1.23 =
& 1.00{1.02! : 1.02 1.00
028 0.67 051 0.64
0.00 —0.0L ' 0.001—0.01
DPMC Hospital Police_station DPMC Hospital Police_station
Emergency Facilities Emergency Facilities
(a) (b)

Figure 5. Travel time analysis (a) and travel distance analysis (b) from emergency facilities to fire-risk
facilities, grouped by emergency facilities.

4.2. Service Coverage Efficiency Analysis

Service coverage efficiency analysis is a vital tool in assessing the effectiveness of
emergency response systems, particularly in terms of their ability to reach high-risk areas
promptly. This evaluation focuses on two key metrics: travel time and distance, which
determine the proportion of high-risk areas accessible within critical time thresholds.

The methodological approach includes defining service coverage efficiency, with an
emphasis on the percentage of fire-risk facilities reachable by emergency services within
time intervals of 3, 5, and 10 min, based on standard benchmarks and the specific context
of the area. The process involves collecting and preprocessing detailed geospatial data,
followed by robust GIS-based spatial and network analyses to map emergency and fire-risk
facilities and compute efficient travel routes, as depicted in Figure 6. Coverage efficiency
was calculated both individually and in aggregate across facilities, supported by statistical
analysis that provides descriptive statistics and comparative insights. This analysis is more
than just a metric; it is instrumental in revealing coverage gaps, guiding resource allocation,
and enhancing infrastructure to bolster community resilience against fire disasters and
other emergencies.

The results showed that within a 3 min threshold, hospitals covered 41.69% of fire-
risk facilities, while DPMCs and police stations covered 38.87% and 44.73%, respectively.
Expanding to a 5 min threshold, coverage improved significantly, with hospitals reaching
100.00%, DPMCs 84.52%, and police stations 80.19%. By the 10 min threshold, both DPMCs
and police stations achieved 100.00% coverage. This analysis provides a clear picture of
emergency service reach, highlighting areas with potential for improvement in emergency
response speed and coverage, as shown in Table 3.
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Figure 6. Map of emergency facilities” service coverage based on different time thresholds, timeframe:
3,5, and 10 min. Source: OpenStreetMap and QGIS.

Table 3. The efficiency of service coverage of emergency facilities.

Emergency Facilities Service Coverage Time in Minutes

<3 min <5 min <10 min Total
DPMCs ! 38.87% 45.65% 15.48% 100.00%
Hospital 41.69% 58.31% - 100.00%
Police Station 44.73% 35.46% 19.81% 100.00%

! Disaster prevention and mitigation centers.

In terms of emergency facility efficiency, hospitals stood out with the highest cover-
age efficiency, reflecting their strategic positioning for quick responses. DPMCs showed
moderate efficiency, aligned with their focus on disaster prevention and mitigation. Police
stations, however, exhibited the lowest coverage efficiency, due to their broader role in
public safety beyond fire-related emergencies.

After evaluating the emergency facilities, the study focused on analyzing service
coverage efficiency from the perspective of diverse types of fire-risk facilities. This analysis
was crucial for understanding how well emergency services addressed the needs of specific
high-risk locations. The study categorized fire-risk facilities into three groups: agrochem-
icals shops, gas/petrol stations, and household LPG shops, and assessed their coverage
within the critical time thresholds of 3, 5, and 10 min.

The results were revealing. For agrochemical shops, 53.33% were reachable within
3 min, with coverage increasing to 100% within 5 min. Gas/petrol stations showed 62.86%
coverage within 3 min, which escalated to 94.29% within 5 min and reached 100% by the
10 min mark. Similarly, household LPG shops achieved 57.14% coverage within 3 min,
improving to 96.43% within 5 min, and reaching 100% within 10 min. These findings
highlight the high responsiveness of emergency services to critical fire-risk locations,
particularly within the 5 to 10 min window, reflecting an effective emergency response
system tailored to various risk scenarios.

As detailed in Table 4, the assessment of fire-risk facility accessibility indicates that
agrochemical shops, gas/petrol stations, and household LPG shops are effectively covered
within the 5 and 10 min response times, demonstrating the strong reach of emergency
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services. However, coverage within the crucial 3 min window is less comprehensive,
suggesting opportunities for improving the speed of emergency response.

Table 4. The efficiency of service coverage for each type of fire-risk facility.

Fire-Risk Facility Service Coverage Time in Minutes
<3 min <5 min <10 min Total
Agrochemical shop 53.33% 46.67% - 100.00%
Gas/petrol station 62.86% 31.43% 5.71% 100.00%
Household LPG shop 57.14% 39.29% 3.57% 100.00%

5. Discussion and Limitations

The findings of this study underscore the critical importance of optimizing the place-
ment and coverage of emergency services in urban areas, particularly in rapidly expanding
cities like Chiang Rai city, Thailand. The spatial analysis reveals that while hospitals
provide the most effective coverage within critical timeframes, there are notable gaps in
the coverage provided by police stations and DPMCs, especially within the crucial 3 min
response window. This variability in response efficiency suggests a need for targeted
improvements in the strategic allocation of emergency resources.

5.1. Implications of Findings and Proposed Strategies

The comprehensive analysis of emergency service coverage in Chiang Rai city leads
to important implications and strategies for enhancing emergency response, particularly
for fire-risk facilities. The observed variability in response efficiency among different
emergency facilities, such as hospitals, DPMCs, and police stations, highlights the need for
strategic resource allocation and facility placement.

To improve fire disaster response capabilities, especially for police stations, a more
tactical approach in positioning and resourcing these facilities is imperative. Additionally,
while the high coverage efficiency within the 5 and 10 min thresholds reflects a robust
emergency response framework, the lower efficiency within the critical 3 min window
points to areas needing urgent improvement. For scenarios requiring immediate inter-
vention, revising emergency response protocols and optimizing resource allocation are
essential. Proposed strategies to address these findings include enhancing road and traffic
infrastructure to facilitate quicker emergency responses, improving emergency vehicle
dispatch systems for more efficient mobilization, and increasing community awareness
about the locations and capabilities of emergency services. Policymakers and emergency
service providers in Chiang Rai city must focus on these areas to augment the district’s
emergency response effectiveness.

Moreover, an integrated emergency management approach is recommended, consid-
ering geographical, infrastructural, and traffic-related factors in planning and operational
strategies. Policymakers should prioritize enhancing road infrastructure, optimizing traffic
management systems, and strategically placing emergency facilities to boost response capa-
bilities. Special attention is needed in areas identified with coverage gaps. Engaging the
community in emergency preparedness through awareness campaigns and involvement is
crucial for quick disaster response and risk mitigation. These strategies aim to build a com-
prehensive emergency management framework, embracing not only immediate response
but also strategic planning, infrastructure development, and community engagement. The
integration of technology, such as GIS and data analytics, is pivotal in modern emergency
management, offering precision in emergency preparedness and response capabilities.
Policymakers can use these data-driven insights for strategic decision-making regarding
resource allocation, facility placement, and infrastructure development. The research also
opens avenues for further investigation, advocating for the inclusion of dynamic factors
such as real-time traffic data and advanced spatial modeling. Continuous improvement
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in emergency services, informed by ongoing research and technological advancements, is
crucial to adapt to evolving risks and enhance public safety and disaster resilience.

5.2. Limitations

Despite the valuable insights provided by this study, several limitations must be
acknowledged. The reliance on static geospatial data does not account for dynamic factors
such as real-time traffic conditions, road closures, and seasonal variations, which can
significantly affect travel times and emergency response effectiveness. Moreover, while the
study focuses on fire disaster risks, it does not encompass the full spectrum of potential
emergencies, such as medical crises or natural disasters, limiting the generalizability of the
findings. Another limitation is the study’s exclusion of temporal variations, such as peak
and off-peak hours, which could impact the accuracy of the service coverage assessment.
These temporal factors could influence the effectiveness of emergency response services,
and their exclusion may lead to an incomplete assessment of service coverage.

Future research should aim to incorporate these dynamic and temporal factors to
provide a more comprehensive understanding of emergency service coverage in urban
areas. By addressing these limitations, future studies can offer even more accurate and
actionable insights for improving emergency management strategies in rapidly growing
cities like Chiang Rai city.

6. Conclusions

This study offers a detailed analysis of emergency service coverage in Chiang Rai
city, with a specific focus on fire disaster risks. The findings reveal that while hospitals are
strategically positioned to provide effective emergency coverage, there are significant gaps
in the coverage offered by DPMCs and police stations, particularly within the crucial 3 min
response window. These gaps highlight the need for targeted improvements in resource
allocation and infrastructure to enhance the city’s overall emergency response capabilities.

To address these challenges, the study recommends several strategies, including
optimizing the placement of emergency facilities, improving road and traffic infrastructure
to facilitate faster response times, and increasing community awareness of emergency
service locations and capabilities. Additionally, integrating real-time data into emergency
planning could further refine response strategies, making them more adaptable to changing
conditions. By implementing these recommendations, Chiang Rai city can better prepare
for and respond to fire disasters and other emergencies, creating a more resilient and safer
urban environment. The study underscores the importance of continuous improvement
and adaptation in emergency management practices to meet the evolving challenges of
urban disaster risk.

Author Contributions: Conceptualization, S.A. and T.A.; methodology, S.A. and T.A.; software, S.A;
validation, S.A. and T.A.; formal analysis, S.A.; investigation, T.A. and M.A_; resources, S.A.; data
curation, S.A.; writing—original draft preparation, S.A., S.P. and T.A.; writing—review and editing,
S.A., S.P. and T.A,; visualization, S.A.; supervision, M.A.; project administration, T.A. All authors
have read and agreed to the published version of the manuscript.

Funding: This work was partially supported by Mae Fah Luang University, Thailand.
Data Availability Statement: Data are unavailable due to privacy.

Conflicts of Interest: The authors declare no conflicts of interest.

1.  Ma, X.; Zhang, X.; Zhao, X. Service Coverage Optimization for Facility Location: Considering Line-of-Sight Coverage in
Continuous Demand Space. Int. J. Geogr. Inf. Sci. 2023, 37, 1496-1519. [CrossRef]

2. Okumura, K.; Ogoshi, T.; Asada, T.; Arimura, M.; Arreeras, T. Development of Downscaling Method Using the RBF Network
Assessing the Hourly Population Inflow: A Case Study of the Sapporo Urban Area. Asian Transp. Stud. 2020, 6, 100019. [CrossRef]

3. Eboli, L.; Forciniti, C.; Mazzulla, G. Service Coverage Factors Affecting Bus Transit System Availability. Procedia Soc. Behav. Sci.
2014, 111, 984-993. [CrossRef]


https://doi.org/10.1080/13658816.2023.2193829
https://doi.org/10.1016/j.eastsj.2020.100019
https://doi.org/10.1016/j.sbspro.2014.01.133

Urban Sci. 2024, 8, 140 14 of 15

10.
11.
12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Boyukliyski, S.; Petrova-Antonova, D.; Somanath, S. Evaluation of Social Facilities Coverage: A Case Study of Sofia City.
IFAC-PapersOnLine 2022, 55, 48-53. [CrossRef]

Kurniawati, U.F.; Nurlaela, S.; Susetyo, C.; Firmansyah, F. Spatial Analysis of Health Facility Service Coverage in Handling of
COVID-19 Patients in the Area Surabaya City Settlement. IOP Conf. Ser. Earth Environ. Sci. 2022, 1015, 012019. [CrossRef]
Shaymaa, I. Al-Jumailey Planning of Operation Policies for Fixed Bus Routes in Baghdad City. In Proceedings of the 2011
International Conference on Remote Sensing, Environment and Transportation Engineering, Nanjing, China, 24-26 June 2011;
pp. 8395-8398.

York, T.W.; MacAlister, D. Security Department Organization and Staffing. In Hospital and Healthcare Security; Butterworth-
Heinemann: Boston, MA, USA, 2015; pp. 129-152. [CrossRef]

Mo Jang, W,; Lee, ].; Jun Eun, S.; Yim, J.; Kim, Y.; Young Kwak, M.I.; Mahmud Khan, M. Travel Time to Emergency Care Not by
Geographic Time, but by Optimal Time: A Nationwide Cross-Sectional Study for Establishing Optimal Hospital Access Time to
Emergency Medical Care in South Korea. PLoS ONE 2021, 16, e0251116. [CrossRef] [PubMed]

Mattsson, B.; Juds, B. The Importance of the Time Factor in Fire and Rescue Service Operations in Sweden. Accid. Anal. Prev. 1997,
29, 849-857. [CrossRef] [PubMed]

Jaldell, H. How Important is the Time Factor? Saving Lives Using Fire and Rescue Services. Value Health 2015, 18, A535. [CrossRef]
Wilde, E.T. Do emergency medical system response times matter for health outcomes? Health Econ. 2013, 22, 790-806. [CrossRef]
Chief, F; Manager, G.; Services, F. Report for Action Toronto Fire Services Response Metrics; City of Toronto: Toronto, ON,
Canada, 2017.

NFPA 1710; Standard for the Organization and Deployment of Fire Suppression Operations, Emergency Medical Operations, and
Special Operations to the Public by Career Fire Departments. National Fire Protection Association: Boston, MA, USA, 2020.
Saeheng, P.; Chavanasporn, K.; Phanrangsee, P.; Waikila, N.; Santaweephol, N.; Noosila, N.; Saimon, T.; Limjeamrangsai, T.;
Kwanyou, P.; Mesprasart, N.; et al. The Response Time and The Adequacy of Emergency Medical Service Team for Elderly
Patients in Bangkok: A Case Study of Bangkok Emergency Medical Service Center, (Erawan Center). Vajira Med. J. |. Urban Med.
2019, 63, S65-S72.

Ministry of Home Affairs (India). Fire Hazard and Risk Analysis in the Country for Revamping the Fire Services in the Country Final
Report-State Wise Risk Assessment, Infrastructure and Institutional Assessment of Pilot States; Directorate General NDRF & Civil
Defence (Fire), Ministry of Home Affairs: New Delhi, India, 2011.

UK Home Office. Response Times to Fires Attended by Fire and Rescue Services: England, April 2019 to March 2020. Available
online: https:/ /www.gov.uk/government/statistics /detailed-analysis-of-response-times-to-fires-year-to-march-2023/ detailed-
analysis-of-response-times-to-fires-attended-by-fire-and-rescue-services-england-april-2022-to-march-2023 (accessed on 11
January 2024).

The Singapore Civil Defence Force (SCDF). SCDF Service Quality Handbook. Available online: https://www.scdf.gov.sg/home/
about-us/media-room/publications (accessed on 11 January 2024).

Mohri, S.S.; Akbarzadeh, M.; Sayed Matin, S.H. A Hybrid Model for Locating New Emergency Facilities to Improve the Coverage
of the Road Crashes. Socioecon. Plann Sci. 2020, 69, 100683. [CrossRef]

Holguin, J.; Escobar, D.; Moncada, C. Access to Emergency Medical Services: An Urban Planning Methodology for the Generation
of Equity. Glob. ]. Health Sci. 2018, 10, 181. [CrossRef]

Zhang, B.; Peng, ].; Li, S. Covering Location Problem of Emergency Service Facilities in an Uncertain Environment. Appl. Math.
Model. 2017, 51, 429-447. [CrossRef]

Larson, R.C. A Hypercube Queuing Model for Facility Location and Redistricting in Urban Emergency Services. Comput. Oper.
Res. 1974, 1, 67-95. [CrossRef]

Vini Indriasari, A.R.M.N.A. and A.R.M.Shariff. Maximal Service Area Problem for Optimal Siting of Emergency Facilities. Int. ].
Geogr. Inf. Sci. 2010, 24, 213-230. [CrossRef]

Seong, K.; Jiao, ].; Mandalapu, A. Effects of Urban Environmental Factors on Heat-Related Emergency Medical Services (EMS)
Response Time. Appl. Geogr. 2023, 155, 102956. [CrossRef]

Banke-Thomas, A.; Wong, K.L.M.; Olubodun, T.; Macharia, PM.; Sundararajan, N.; Shah, Y.; Prasad, G.; Kansal, M.; Vispute, S.;
Shekel, T.; et al. Geographical Accessibility to Functional Emergency Obstetric Care Facilities in Urban Nigeria Using Closer-to-
Reality Travel Time Estimates: A Population-Based Spatial Analysis. Lancet Glob. Health 2024, 12, e848-858. [CrossRef]

Noori, S.; Mohammadi, A.; Miguel Ferreira, T.; Ghaffari Gilandeh, A.; Mirahmadzadeh Ardabili, S.J. Modelling and Mapping
Urban Vulnerability Index against Potential Structural Fire-Related Risks: An Integrated GIS-MCDM Approach. Fire 2023, 6, 107.
[CrossRef]

Dandoulaki, M.; Lazoglou, M.; Pangas, N.; Serraos, K. Disaster Risk Management and Spatial Planning: Evidence from the
Fire-Stricken Area of Mati, Greece. Sustainability 2023, 15, 9776. [CrossRef]

Palazzi, N.C.; Julia, P.B.; Ferreira, T.M.; Rosas, J.; Monsalve, M.; de la Llera, J.C. Fire Risk Assessment of Historic Urban
Aggregates:An Application to the Yungay Neighborhood in Santiago, Chile. Int. |. Disaster Risk Reduct. 2023, 86, 103550.
[CrossRef]

Rani, G.; Siddiqui, N.A.; Yadav, M.; Ansari, S. Hierarchical Integrated Spatial Risk Assessment Model of Fire Hazard for the Core
City Areas in India. Land Use Policy 2023, 126, 106536. [CrossRef]


https://doi.org/10.1016/j.ifacol.2022.08.047
https://doi.org/10.1088/1755-1315/1015/1/012019
https://doi.org/10.1016/B978-0-12-420048-7.00006-4
https://doi.org/10.1371/journal.pone.0251116
https://www.ncbi.nlm.nih.gov/pubmed/33939767
https://doi.org/10.1016/S0001-4575(97)00054-7
https://www.ncbi.nlm.nih.gov/pubmed/9370021
https://doi.org/10.1016/j.jval.2015.09.1674
https://doi.org/10.1002/hec.2851
https://www.gov.uk/government/statistics/detailed-analysis-of-response-times-to-fires-year-to-march-2023/detailed-analysis-of-response-times-to-fires-attended-by-fire-and-rescue-services-england-april-2022-to-march-2023
https://www.gov.uk/government/statistics/detailed-analysis-of-response-times-to-fires-year-to-march-2023/detailed-analysis-of-response-times-to-fires-attended-by-fire-and-rescue-services-england-april-2022-to-march-2023
https://www.scdf.gov.sg/home/about-us/media-room/publications
https://www.scdf.gov.sg/home/about-us/media-room/publications
https://doi.org/10.1016/j.seps.2019.01.005
https://doi.org/10.5539/gjhs.v10n6p181
https://doi.org/10.1016/j.apm.2017.06.043
https://doi.org/10.1016/0305-0548(74)90076-8
https://doi.org/10.1080/13658810802549162
https://doi.org/10.1016/j.apgeog.2023.102956
https://doi.org/10.1016/S2214-109X(24)00045-7
https://doi.org/10.3390/fire6030107
https://doi.org/10.3390/su15129776
https://doi.org/10.1016/j.ijdrr.2023.103550
https://doi.org/10.1016/j.landusepol.2023.106536

Urban Sci. 2024, 8, 140 15 of 15

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Chen, B.; Wu, S,; Jin, Y.; Song, Y.; Wu, C.; Venevsky, S.; Xu, B.; Webster, C.; Gong, P. Wildfire Risk for Global Wildland-Urban
Interface Areas. Nat. Sustain. 2024, 7, 474-484. [CrossRef]

Abdurakhmonov, S.; Berdiyev, D.; Gulov, S.; Hazatqulov, S.; Bozorov, M. Application of GIS Technologies in the Methods of
Geodetic Work in the Mapping of Demographic Processes. E3S Web Conf. 2023, 386, 04004. [CrossRef]

Li, J.; Sun, E; Chen, Y. Research on Spatial Data Management and Application. In Proceedings of the 2022 2nd International
Conference on Electronic Information Engineering and Computer Technology (EIECT), Yan'an, China, 28-30 October 2022; IEEE:
Yan’an, China, 2022; pp. 65-69. [CrossRef]

Chen, L.; Mao, Y.; Zhao, R. GIS Application in Environmental Monitoring and Risk Assessment. In Proceedings of the 2022 3rd
International Conference on Geology, Mapping and Remote Sensing, ICGMRS 2022, Zhoushan, China, 22-24 April 2022; IEEE:
Zhoushan, China, 2022; pp. 908-917. [CrossRef]

Dorogyy, Y.; Kolisnichenko, V. Devising a Method for Rapid Data Retrieval Using Explorers for Blockchain Analysis. East.-Eur. ].
Enterp. Technol. 2023, 4, 6-16. [CrossRef]

Zhu, Z.; Qiu, S.; Ye, S. Remote Sensing of Land Change: A Multifaceted Perspective. Remote Sens. Environ. 2022, 282, 113266.
[CrossRef]

Boegershausen, J.; Datta, H.; Borah, A.; Stephen, A.T. Fields of Gold: Scraping Web Data for Marketing Insights. J. Mark. 2022,
86, 1-20. [CrossRef]

Nekrasov, H.A; Polivoda, D.E.; Prokofeva, E.N. The Geospatial Data Mining Concept Using Scrapping Technology. In Proceedings
of the 2020 Moscow Workshop on Electronic and Networking Technologies (MWENT), Moscow, Russia, 11-13 March 2020; IEEE:
Moscow, Russia, 2020. [CrossRef]

Cheng, Q.; Zhu, Y.; Zeng, H.; Song, J.; Wang, S.; Zhang, J.; Qian, L.; Qi, Y. A Method for Identifying Geospatial Data Sharing
Websites by Combining Multi-Source Semantic Information and Machine Learning. Appl. Sci. 2021, 11, 8705. [CrossRef]

Instant Data Scraping Extension, Web Robots. Available online: https://webrobots.io/instantdata/ (accessed on 22
January 2024).

QGIS Geographic Information System, Open Source Geospatial Foundation Project. Available online: http://qgis.org (accessed
on 25 January 2024).

Open Route Service (ORS), Heidelberg Institute for Geoinformation Technology, Heidelberg, Germany. 2024. Available online:
https:/ /openrouteservice.org/ (accessed on 25 January 2024).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1038/s41893-024-01291-0
https://doi.org/10.1051/e3sconf/202338604004
https://doi.org/10.1109/EIECT58010.2022.00018
https://doi.org/10.1109/ICGMRS55602.2022.9849269
https://doi.org/10.15587/1729-4061.2023.286079
https://doi.org/10.1016/j.rse.2022.113266
https://doi.org/10.1177/00222429221100750
https://doi.org/10.1109/MWENT47943.2020.9067406
https://doi.org/10.3390/app11188705
https://webrobots.io/instantdata/
http://qgis.org
https://openrouteservice.org/

	Background 
	Service Coverage for City’s Emergency Service Facilities 
	Service Coverage Assessment 
	Emergency Response Cut-Off Parameters 
	Existing Emergency Service Coverage Studies 

	Fire Disaster Risk in Urban Areas 
	Spatial Analysis and GIS Applications 
	Web Scraping and Geospatial Data 

	Methodology 
	Identifying Emergency Facilities and Fire-Risk Facilities 
	Facilities Location Acquisition Using Data Scraping 
	Geospatial Analysis 

	Case Study 
	Study Area 
	Data of Emergency and Fire-Risk Merchandise Facilities 

	Results 
	Travel Time and Distance Analysis 
	Service Coverage Efficiency Analysis 

	Discussion and Limitations 
	Implications of Findings and Proposed Strategies 
	Limitations 

	Conclusions 
	References

