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Abstract: In addition to the spatial analysis, this study also considered the implications of population
density and urban development patterns on the effectiveness of fire and rescue services. Sub-districts
with high population densities and complex road networks, such as Rungkut and Dukuh Pakis, were
particularly vulnerable due to delays in response time caused by traffic congestion and narrow street
access. Furthermore, newly developed residential and industrial zones, particulatly in the outskirts like
Benowo and Pakal, showed inadequate emergency coverage due to the lack of nearby fire stations and
limited road connectivity. The study underscores the importance of incorporating demographic and
infrastructural data into emergency planning. Fire service planning that solely relies on theoretical
models such as circular buffer zones tends to overlook the real-world constraints posed by road
networks, traffic conditions, and topographic barriers. As a result, relying on network-based service
area analysis provides a more realistic and operationally relevant perspective for decision-making. To
enhance coverage, the study recommends optimizing station placement through Geographic
Information System (GIS)-based modeling that factors in dynamic urban growth, accessibility, and
service demand projections. Establishing satellite fire stations or deploying mobile fire units in the
underserved sub-districts could be effective interim solutions while longer-term infrastructure
developments are underway. Moreover, collaboration between fire departments, urban planners, and
transportation authorities is essential to integrate fire safety considerations into city planning processes.
By doing so, Surabaya can not only improve its emergency response performance but also build urban
resilience in the face of increasing fire risks due to climate change and urban expansion.
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1. Introduction

Disaster risk management in public health is a systematic approach that integrates
preparedness, response, recovery and mitigation. [1]. Prevention, mitigation and preparedness
for disasters are needed as an effort to reduce the impact of disasters, especially casualties in
a certain area and time. Decree of the Minister of Home Affairs Number 364.1-306 of 2020
concerning Guidelines for the Development of Fire Fighting Volunteers explains that the
type of basic service that must be provided by the fire department is rescue and evacuation
services for fire victims, which must be received by all citizens who become and/or are
affected by fire, within a response time of 15 minutes. [2]

The success of Surabaya City in achieving the title as a pilot city in 2024 with the
Response Time 7 Minute Free Blackout Service (Roti 7 Lapis) program is a manifestation of
the comprehensive reform of the emergency service system [3] . This predicate was obtained
thanks to Surabaya City's success in recording an average response time of 7 minutes. This
figure significantly exceeds the national standard of 15 minutes by the Ministry of Home
Affairs and demonstrates the efficiency and effectiveness of disaster management services in
Surabaya City.

Fire protection management in Indonesia is specifically regulated in the Minister of
Public Works Regulation No. 20/PRT/M/2009 on Technical Guidelines for Fire Protection
Management in Urban Areas. This regulation mandates that each Fire Management Area
(WMK) must be designed to ensure that service coverage does not exceed a travel distance
of 7.5 km and that response time is less than 15 minutes. For high density areas that are
already built up and occupied, protection standards are tightened with the obligation that the
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area must be reachable by the nearest fire station with the obligation that the area must be
reachable by the nearest fire station with a maximum radius of 2.5 km .[4]

Evaluation of compliance and effectiveness of service coverage with the regulatory
framework can be done through Geographic Information Systems (GIS). GIS is a system
used in decision making based on spatial analysis [5] . The GIS concept integrates cartographic
principles, statistics, and computing technology to obtain an efficient and effective way of
analyzing geographic data [6] . One of the features of GIS is the ability to analyze proximity
through distance-based analysis between layers to produce values or count areas [7] . Such
proximity analysis can be done by utilizing buffer analysis and network analysis techniques.

The application of buffer analysis makes it possible to identify zones or areas of
reachability around specific features based on Euclidean distance, often used in emergency
planning for quick estimation of theoretical service coverage (Number Analytics, 2025).
However, network analysis offers a more operationally realistic perspective by accounting for
actual road networks, impedances, and travel conditions (ArcGIS Pro documentation, 2025;
Hashtatrkhani et al., 2024).

A buffer is defined as a zone drawn around a point, line, or polygon that includes all
areas within a certain straight-line distance from the feature (Wikipedia Buffer Analysis, 2023).
In contrast, network analysis evaluates movement through real-world roads, intersections,
and access constraints to delineate service areas (ArcGIS Network Analyst service areas, 2025;
Kiparisov & Lagutov, 2024).

This study aims to spatially analyze fire and rescue service coverage in Surabaya City by
comparing buffer-based (radius) coverage with network analysis—based (road-miles) coverage
to identify sub-districts with actual service gaps. It acknowledges that macro-level coverage
assumptions do not incorporate additional variables such as water source locations, micro-
accessibility (e.g., road width, portals), topographic constraints, or dynamic traffic
conditions—meaning findings represent idealized scenarios rather than real-world
constraints.

Previous case studies support the importance of network-based approaches for
emergency services. For example, Hashtarkhani et al. (2024) demonstrated that travel time
catchments based on network data enable more equitable accessibility assessments in
healthcare services. Similarly, Yunus et al. (2023) utilized GIS-based network service
delineation to identify under-served fire service areas in Kano, Nigeria, revealing critical
access gaps unrecognizable in buffer-based models. Kiparisov and Lagutov (2024) further
highlighted how combining GIS and network analysis enhances urban resilience assessment
following extreme events by capturing actual travel limitations. Additionally, research in
Victoria, Canada emphasized the advantage of network-based catchment zones over simple
buffers when evaluating spatial-temporal availability of public facilities (Yao et al., 2021).

Collectively, these studies reinforce the need for network-based evaluation in emergency
planning to accurately identify vulnerable areas and to inform targeted intervention and
station placement strategies.

2. Proposed Method

The type of research conducted is descriptive quantitative research with a spatial
approach. This research uses statistical analysis contained in buffer analysis and network
analysis to determine service coverage. The population in this study is the location of 21 fire
stations in Surabaya City and listed in the Strategic Plan of the Surabaya City Fire and Rescue
Service for 2021-2026. The data analysis method used is spatial analysis using ArcGIS Pro
3.4.0 Geographic Information System (GIS) software. The data used in this study are detailed

in Table 1.
Table 1. Research Data
No Data Type Scale Year Data Source of Data Acquisition
Format

1 Fire  Station - 2025 Tabular Fire and Rescue Department of
Location Surabaya City

2 Administrative ~ 1:25.000 2022 .shp Geospatial Information Agency
Boundary

3 Road Network  1:25.000 2022 .shp Geospatial Information Agency
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The research methodology used in analyzing the range of fire and rescue services in the
city of Surabaya is described in the research flow diagram in Figure 1.
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Figure 1. Research Flow Chart

The stages of this research are divided into three parts, namely:

Data Preparation and Collection

This section includes preliminary studies that support the determination of
research locations and data collection conducted online.

Data Processing

This section includes plotting the coordinate points of the location of fire
extinguisher posts, creating service areas and buffer zones, and making intersects
between the areas that have been made with the administrative boundaries of
Surabaya City.

Data Analysis

This section includes analyzing the range of fire fighting and rescue services based
on the location of fire stations using service area analysis and buffer zones and
drawing conclusions from the analysis that has been catried out.

3. Results and Discussion

The result of this research is a map of fire and rescue service coverage based on the
placement of 21 fire stations in Surabaya City which is calculated with a buffer zone and
service area of 2.5 km and 7.5 km. Visualization of the range of fire and rescue services formed
can be seen in Figure 2 and Figure 3.
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Figure 2 Map of Fire and Rescue Service Reach of Surabaya City with Buffer Analysis. (a) 2.5
km Buffer Zone, (b) 7.5 km Buffer Zone

Figure 2 shows information that in the 2.5 km Buffer Zone, fire and rescue services have
not been able to reach all existing areas, while in the 7.5 km Buffer Zone, all areas have been
served by fire and rescue services. Information on the coverage of fire and rescue services
with buffer analysis within a radius of 2.5 km and 7.5 km is described in Table 2.

Table 2. Distribution of Fire and Rescue Setvice Coverage of Each Sub-district with 2.5
km and 7.5 km Buffer Analysis

Sub-district Service Area Radius 2.5 km Radius 7.5 km
Status n % n %
Reached Entirely 10 32 31 100
Partially Reached 21 68 0 0
Total 31 100 31 100

Table 2 shows that at a radius of 2.5 km, there are 10 sub-districts (32%) whose areas
are fully covered by fire and rescue services and 21 sub-districts (68%) are still partially

covered. At a radius of 7.5 km, all sub-districts in Surabaya City are fully covered by fire and
rescue services.

PETA LAYANAN DAN PENYELATAMAN PETA LAYANAN DAN PENYELATAMAN
DPKP KOTA SURABAYA DPKP KOTA SURABAYA
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(b)
Figure 3 Map of Fire and Rescue Service Coverage of Surabaya City with Network

Analysis. (a) Service Area 2.5 km, (b) Servie Area 7.5 km

Figure 3 shows information that in the 2.5 km Service Area, fire and rescue services have
not been able to reach all existing areas. Similatly, in the 7.5 km Service Area, there are still
some areas that have not been reached by fire and rescue services. Information on the
coverage of fire and rescue services with network analysis within a distance of 2.5 km and 7.5
km is described in Table 2.

Table 3. Distribution of Fire and Rescue Service Coverage of Each Sub-district with
Netwok Analysis Service Area 2.5 km and 7.5 km

Sub-district Service Distance 2.5 km Distance 7.5 km
Area Status n % n %
Entirely Affordable 1 3 23 74
Partially Reached 30 97 8 26
Total 31 100 31 100

Table 3 shows that at a distance of 2.5 km, there is 1 sub-district (3%) whose area is fully
covered by fire and rescue services and 30 sub-districts (97%) are still partially covered. While
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at a distance of 7.5 km, there are 23 sub-districts (74%) whose areas are fully covered by fire
and rescue services and 8 sub-districts (26%) that are still partially covered.

Discussion

Reach of Fire and Rescue Services in Surabaya City

Analysis of fire and rescue service coverage in Surabaya City based on the placement
of 21 fire stations revealed a gap between theoretical and operational service coverage.
The buffer analysis uses modeling of coverage based on straight (Euclidean) distances
which gives an optimistic picture of meeting regulatory standards. At a radius of 2.5 km,
which is the ideal standard according to Permen PU No. 20/PRT/M/2009, the results
show that service coverage is not yet comprehensive. Although 10 sub-districts (32%) are
tully served, the majority of wilatahs (68%) are only partially covered. This indicates that
theoretically, there are still many densely populated areas that are outside the ideal
prosimity radius of the nearest post. However, when the radius is expanded to 7.5 km,
which is the maximum travel distance within a WMK, the buffer analysis shows that
100% of sub-districts in Surabaya City are covered. From this perspective, theoretically,
the placement of the 21 existing posts is already qualified to cover the entire city area
according to the maximum distance standard set.

A much more realistic picture is provided by the service area network analysis, which
modifies the conclusions of the buffer analysis by taking into account the constraints of
the road network infrastructure. At a distance of 2.5 km, the service coverage drops
dramatically, with only one sub-district (3%) being fully served. The remaining 97% of
sub-districts are only partially covered. This data highlights how the topology of the road
network, the presence of one-way roads, and physical barriers significantly limit the real
accessibility of the fire fleet, despite their geometric proximity.

An important finding emerged in the service area analysis with a distance of 7.5 km.
In contrast to the buffer results which show 100% coverage, the network analysis reveals
that there are still 8 sub-districts (26%) which are only partially covered. This finding has
the important implication that there are areas in Suabaya City that are operationally
outside the maximum service coverage of 7.5 km even though they are theoretically
served. This suggests that road network accessibility constraints can create more
vulnerable service gaps because the travel time to reach locations based on distance can
exceed the set standard.

A direct comparison between the two analysis methods confirms that reliance on
buffer-based coverage models alone can lead to misinformation and ineffective policies.
The gap between 100% theoretical coverage in the 7.5 km buffer and only 74%
operational coverage in the 7.5 km service area is quantitative evidence of road
infrastructure playing a decisive role in the effectiveness of emergency services. The
placement of 21 fire stations in Surabaya City may be optimal in terms of geographical
distribution, but not necessarily optimal in terms of operational accessibility. Therefore,
service improvement strategies can not only focus on increasing the number of posts but
also consider route optimization, traffic management for emergency vehicles, and
placement of smaller posts for areas identified as difficult to reach.

Identification of Districts with Gaps in Fire and Rescue Services

Another important finding of this research is the identification of sub-districts that
experience service gaps, namely the disparity between theoretical service coverage (the
results of the buffer analysis) and operational service coverage (the results of the service
area network analysis). This gap is a key indicator of potential vulnerability in an area,
where coverage assumptions on paper do not match the reality of accessibility on the
ground. Figures 2 and 3 show that the most significant gap was identified in the analysis
with a distance parameter of 7.5 km. Buffer analysis at a radius of 7.5 km shows the result
that all sub-districts in Surabaya City are fully covered. This result provides a geographical
ideal, the placement of 21 fire stations is able to cover the entire city area according to
the maximum distance standard set by the regulation.

However, the picture changes drastically when the analysis is conducted using the
service area method which takes into account the road network. This analysis reveals that
there are 8 sub-districts whose status has decreased to 'pattially affordable', namely
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Asemrowo, Benowo, Dukuh Pakis, Gunung Anyar, Mulyorejo, Pakal, Rungkut, and
Sukolilo. The identification of these sub-districts is very important because being partially
reached (service area 7.5 km) implies that there are specific areas within the sub-district
that cannot be reached by fire trucks within the 7.5 km distance limit. The potential causes
of these gaps can be multifactorial such as geographical location where some of these
sub-districts are located in urban fringe areas where road network connectivity is likely
to be more limited than in city centers, road network topology where access limitations,
dead ends, or circuitous routes can significantly increase actual travel distances despite
short straight distances, and physical barriers such as rivers, toll roads, or railways. This
tinding confirms that road network-based evaluation is indispensable for strategic
planning, as it can reveal vulnerable areas that are not detected by conventional radius-
based analysis.

6. Conclusions
The conclusions of this research are;

e There is a significant gap between the theoretical and operational service coverage
of fire brigades in Surabaya City where the service area network analysis proves that
road infrastructure is the determinant that creates service gaps in 8 sub-districts,
even though the geographical placement of 21 fire brigade posts is optimal.

e This research identifies eight specific sub-districts including Asemrowo, Benowo,
Dukuh Pakis, Gunung Anyar, Mulyorejo, Pakal, Rungkut, and Sukolilo, as
experiencing gaps in firefighting and rescue services because the 7.5 km service area
network analysis proves the existence of real accessibility barriers that are not
detected by conventional buffer analysis.
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