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 This study evaluated the disaster preparedness of Public Health Centres (PHCs) in terms 
of structural safety, non-structural safety, and emergency and disaster management 
capacity. Ensuring that healthcare facilities remain functional during emergencies is 
essential for maintaining service continuity, particularly in disaster-prone regions such 
as Indonesia. This cross-sectional descriptive study was conducted in 2024 across 14 
PHCs located in disaster-prone areas of North Sumatra Province, Indonesia. A total of 70 
participants were involved, with five staff members selected from each PHC based on 
their roles in facility management and disaster preparedness. Data were collected using 
structured observations, interviews, checklists, and document reviews based on the 
Hospital Safety Index (HSI) framework. Ethical approval was obtained from the Faculty 
of Public Health, Universitas Indonesia, and informed consent was secured from all 
participants. The safety index scores ranged from 0.2394 (23.94%) to 0.7234 (72.34%), 
with PHC C achieving the highest score and PHC I the lowest. Functional preparedness 
consistently emerged as the weakest component across most PHCs, indicating significant 
challenges in maintaining essential health services during emergencies. PHCs located in 
Medan City and North Padang Lawas Regency demonstrated higher preparedness levels 
compared to those in Toba and Padang Lawas Regencies. Disaster preparedness among 
PHCs varied considerably across regions, with functional capacity identified as the most 
critical area requiring improvement. Strengthening operational readiness and 
integrating disaster preparedness into routine health system management are essential 
to enhance resilience. Future research should evaluate the effectiveness of long-term 
interventions and explore the role of community engagement in disaster preparedness. 

 
Introduction 

Indonesia has a high risk of disasters because of the country's geological and geographical location. 
Geologically, Indonesia is located at the meeting point of four major plates, namely Eurasia, Indo Australia, 
the Philippines, and the Pacific, which makes Indonesia prone to earthquakes, tsunamis, and volcanic 
eruptions. On the other hand, Indonesia's geographical conditions in the tropics and at the meeting point of 
two oceans and two continents make this region prone to floods, landslides, flash floods, extreme weather, 
extreme waves and abrasion, and droughts which can also trigger forest and land fires (BNPB, 2023b). 
Indonesia is a disaster-prone country, both natural disasters, non-natural disasters, man-made disasters, 
man-made disasters, and complex emergencies. From January to July 2021, there were 1584 natural 
disasters in Indonesia which resulted in 347 health facilities being damaged (BNPB, 2021b).  

Natural disasters often cause damage to health facility infrastructure such as hospitals, public health 
centers, pharmaceutical warehouses, and others. Damage to these health facilities can certainly disrupt 
health services provided during a disaster, especially because hospitals act as referral facilities for handling 
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disaster victims. Hospitals as one of the public facilities often experience functional and structural 
disruptions due to internal disasters (for example, fires, collapsed buildings, and poisoning) or external 
disasters, for example, the presence of many patients/victims at almost the same time so that the hospital 
becomes paralyzed (collapsed). In addition, in disaster or emergency conditions, efforts are needed to 
strengthen hospitals so that they can function again to provide guaranteed referral services for people who 
need specialist assistance (1,2). Experience in the earthquake in Yogyakarta and Central Java in 2006 and 
the flood disaster in Jakarta in 2007, hospitals as referral health service facilities experienced functional and 
structural disorders so that health services were paralyzed. It’s also happened in the earthquake and 
liquefaction in Palu Donggala in 2018, that 7 Puskesmas units were severely damaged in Palu, 9 hospitals in 
Palu 1 hospital in Donggala and 2 hospitals in Sigi were damaged, so they could not provide health services 
to the disaster victims  [1,2]. 

North Sumatra Province, with its capital in Medan City, has an area of 71,981.23 km2. Geologically, 
North Sumatra has a complex structure and rocks and has experienced several collisions from tectonic 
processes. The topography of North Sumatra is divided into 3 groups of regions, namely, the eastern part is 
a relatively flat area, the central part is undulating to hilly, and the western part is undulating plains, the 
west coast, highlands and the east coast. Based on the 2022 Indonesian Disaster Data and Information 
(DIBI), the most common disasters in North Sumatra Province are floods, tornadoes, and landslides. 
However, this year, North Sumatra also experienced 5 earthquakes with a magnitude of 6.0 with the 
epicenter on land 15 km northwest of North Tapanuli on October 1, 2022. A total of 1,316 houses were 
damaged, houses of worship, government buildings, roads, bridges, and irrigation channels were damaged. 
Based on the results of the 2022 Indonesian Disaster Risk Index (IRBI) measurement, North Sumatra 
Province has a high-risk class with a value of 142.51 (moderate) [3].  

To address these challenges, the World Health Organization and the Pan American Health 
Organization developed the Hospital Safety Index (HSI), a standardized assessment tool designed to 
evaluate the ability of health facilities to remain functional during disasters. The HSI framework assesses 
healthcare facility safety across several key domains, including structural safety, non-structural safety, and 
emergency and disaster management capacity. By applying this tool, health authorities can identify 
vulnerabilities within health facilities and prioritize interventions to improve disaster preparedness and 
resilience [4–6]. 

Several international studies have applied the Hospital Safety Index framework to evaluate disaster 
preparedness in healthcare facilities. For instance, a study assessing hospital disaster preparedness using 
the HSI framework found that significant variations exist in safety performance across health facilities, 
highlighting the need for systematic assessments and improvements in emergency planning and 
infrastructure resilience [7]. Another study examining healthcare facility resilience using the WHO HSI 
framework demonstrated that although many hospitals achieve relatively high safety scores, important 
vulnerabilities remain in critical infrastructure systems such as electricity, water supply, and emergency 
communication networks [8]. Similarly, research conducted in several Indonesian provinces using the HSI 
framework reported that while some hospitals were classified as highly safe, others still showed moderate 
preparedness levels, indicating the need for continuous monitoring and improvement of disaster 
preparedness systems [9,10].  

These studies demonstrate the importance of using standardized assessment tools such as the 
Hospital Safety Index to evaluate healthcare facility preparedness. However, most existing studies focus 
primarily on large hospitals or tertiary healthcare facilities, while primary healthcare facilities receive 
comparatively limited attention in disaster preparedness research. This represents an important gap 
because primary healthcare facilities, including Public Health Centres (PHCs), play a critical role as the first 
point of healthcare access for communities during emergencies and disasters.  

Therefore, this study aims to assess the disaster preparedness and safety level of Public Health 
Centres in North Sumatra Province by evaluating structural safety, non-structural safety, and emergency and 
disaster management capacity using the Hospital Safety Index framework. The findings of this study are 
expected to contribute to the development of evidence-based strategies for improving disaster 
preparedness and strengthening the resilience of primary healthcare facilities in disaster-prone regions. 

This study offers a novel contribution by applying the Hospital Safety Index framework to 
systematically evaluate the disaster preparedness of Public Health Centres (PHCs) in a disaster-prone region 
of Indonesia. While previous studies have predominantly focused on hospital-level preparedness, limited 
research has examined the resilience of primary healthcare facilities, which represent the first line of health 
service delivery during emergencies. By assessing structural safety, non-structural safety, and emergency 
and disaster management capacity across multiple PHCs in North Sumatra Province, this study provides 
empirical evidence on the safety and preparedness level of primary healthcare facilities in both urban and 
rural settings. The findings contribute to the growing body of literature on healthcare facility resilience and 
provide practical insights for health authorities and policymakers to strengthen disaster preparedness 
strategies at the primary healthcare level. In addition, the use of a standardized international assessment 
framework developed by the World Health Organization and the Pan American Health Organization 
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enhances the comparability of the results with studies conducted in other countries, thereby supporting 
global efforts to improve health system resilience in disaster-prone regions. 
 

Methods 
This study employed a descriptive cross-sectional design to assess disaster preparedness and safety 

levels of Public Health Centres (PHCs) using the Hospital Safety Index (HSI) assessment tool. The study was 
conducted in four districts/cities in North Sumatra Province, Indonesia: Medan, Toba Regency, North 
Padang Lawas Regency, and Padang Lawas Regency. Data collection was carried out over a 24-month period 
from August 2023 to August 2025. A total of 14 Public Health Centres (PHCs) were included in the study. In 
Medan City, six PHCs were assessed (PHC A, PHC B, PHC C, PHC D, PHC E, and PHC F). In Toba Regency, three 
PHCs participated (PHC G, PHC H, and PHC I). Two PHCs were selected from North Padang Lawas Regency 
(PHC J and PHC K), while three PHCs were included from Padang Lawas Regency (PHC L, PHC M, and PHC 
N). This distribution provided representation from both urban and rural primary healthcare facilities. PHCs 
were selected using purposive sampling, based on geographical vulnerability and exposure to potential 
disaster risks. 

The study involved five respondents from each PHC, resulting in a total of 70 respondents. 
Respondents were selected based on their roles in facility management and safety preparedness. The 
respondents included PHC heads or managerial representatives, environmental health officers, 
administrative staff, building and infrastructure personnel, and occupational safety and health (OSH) 
officers. The inclusion criteria were: staff members who had worked at the PHC for at least one year, 
personnel responsible for environmental health, administration, infrastructure management, or 
occupational safety and health, and individuals involved in facility maintenance, disaster preparedness, or 
emergency response activities.  

Data were collected using multiple methods, including structured observations, in-depth interviews, 
focus group discussions (FGDs), and document reviews. Observations and assessments were conducted 
using the Hospital Safety Index (HSI) checklist for small and medium hospitals. Data collection was 
performed by a multidisciplinary team of four trained surveyors, consisting of a hospital crisis management 
specialist, a nurse, a public health professional, and a civil engineer. Due to the complexity of the HSI 
assessment, each PHC required approximately 14 days for complete data collection, including interviews, 
observations, and document verification. Interviews were conducted to obtain collective perspectives 
regarding disaster preparedness and safety conditions. Participants included PHC heads, administrative 
personnel, emergency response staff, building maintenance staff, electrical technicians, and public health 
officers. In addition, document reviews were conducted to evaluate safety policies, disaster preparedness 
plans, infrastructure maintenance records, and related institutional documents.  

Disaster preparedness and safety levels of PHCs were assessed using the Hospital Safety Index (HSI) 
Guidelines for Small and Medium Hospitals developed by WHO/PAHO, which consist of four modules with 
a total of 166 indicators: geographical hazards (22 items), structural safety (14 items), non-structural safety 
(47 items), and functional capacity (33 items). Each indicator was scored according to the HSI guideline as 
high (1), average (0.5), or low (0). The scores were calculated for each module and weighted according to 
the HSI methodology. The overall HSI score was obtained by averaging the scores of the structural safety, 
non-structural safety, and functional capacity modules. The final HSI score was interpreted using the 
standard classification system: Category A (0.66–1.00): High safety level – the facility is likely to remain 
functional during disasters, Category B (0.36–0.65): Moderate safety level – the facility can function but 
requires improvements, Category C (0.00–0.35): Low safety level – the facility is at risk of failing during 
disasters. Descriptive statistical analysis was used to summarize the safety index scores and preparedness 
levels across PHCs. 

 

Instrument Validity 

The assessment instrument used in this study was adapted from the World Health Organization / Pan 
American Health Organization Hospital Safety Index (HSI) Guidelines for Small and Medium Hospitals (4th 
edition). The HSI is an internationally recognized tool designed to evaluate the safety and disaster 
preparedness of healthcare facilities. The instrument includes standardized indicators covering 
geographical hazards, structural safety, non-structural safety, and functional capacity. Prior to data 
collection, the checklist was reviewed and adapted to the primary healthcare facility context to ensure 
relevance to PHCs. The adaptation process involved expert consultation with professionals in public health, 
disaster management, civil engineering, and hospital safety management. A pilot assessment was conducted 
in one PHC outside the study sample to ensure clarity, feasibility, and applicability of the instrument. 
Feedback from the pilot assessment was used to refine the wording and interpretation of several indicators. 
To improve the consistency of scoring, all surveyors participated in a training and calibration session prior 
to field data collection. This training ensured that the assessors had a shared understanding of the HSI 
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indicators and scoring criteria. 

 

Data Triangulation 

To enhance the validity and reliability of the findings, this study applied a methodological 
triangulation approach. Data were collected from multiple sources using several complementary methods, 
including structured observations, in-depth interviews, focus group discussions (FGDs), and document 
reviews. Observational assessments were conducted using the HSI checklist to evaluate the physical 
condition of PHC facilities. In-depth interviews were carried out with key informants responsible for facility 
management, environmental health, and occupational safety. Focus group discussions were conducted with 
PHC staff, including administrators, emergency response personnel, and maintenance staff, to obtain a 
collective understanding of disaster preparedness practices. Document reviews were also conducted to 
examine institutional policies, disaster preparedness plans, infrastructure maintenance records, and safety 
management documentation. The findings from these different data sources were compared and cross-
verified to ensure consistency and accuracy in the assessment of PHC safety and disaster preparedness. 

 

Ethical Considerations 
This study was approved under the ethical clearance Number Ket-

552/UN2.F10.D11/PPM.00.02/2023 issued by the ethics committees of the Research and Community 
Engagement, Faculty of Public Health, Universitas Indonesia 

 
Results 

The study involved a cross-sectional descriptive design conducted across Public Health Centres 
(Puskesmas) in four cities/regencies of North Sumatera Province over a 20-month period. A total of 14 PHCs 
were enrolled, with inclusion criteria being location in disaster-prone areas and availability of key 
informants, while facilities outside these regions or lacking essential staff were excluded. The demographics 
of the study population included health officers responsible for environmental health, administration, 
infrastructure, and occupational safety, as well as provincial and district health office staff. Participants were 
not randomly assigned to experimental or control groups, as this study was observational in nature. 

The province of North Sumatra, with its capital in Medan City, has an area of 71,981.23 km2 (North 
Sumatra in 2022 figures). Geologically, North Sumatra has a complex structure and rocks and has 
experienced several collisions from tectonic processes. The topography of North Sumatra is divided into 3 
groups of areas, namely, the eastern part is a relatively flat area, the central part is undulating to hilly, and 
the western part is an undulating plain, the west coast, highlands, and the east coast. The research finding 
provided an index Map of Disaster Risk Province North Sumatera Year 2022, structural safety assessment, 
non-structural safety assessment, functional aspect, and overall hospital safety index. 

 
Figure 1. Index Map Disaster Risk Province North Sumatera Year 2024 [3,11] 
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Figure 1 present the disaster risk index map of North Sumatra Province in 2022, thirteen districts/cities 
have a high-risk class marked in red and twenty districts/cities have a medium risk class marked in yellow. 

 

Table 2. Disaster Risk Score   

City/Regency Score Risk Level Risk 
Medan 97.68 Medium Earthquakes, tsunamis, volcanoes, 

floods, landslides, droughts, extreme 
weather, extreme waves, and abrasion, 

as well as forest and land fires. 

Toba 107.20 Medium 
North Padang Lawas 138.00 Medium 

Padang Lawas 152.76 High 

 

Table 2 illustrates the Indonesian Disaster Data and Information (DIBI) in 2022, the most common 
disasters in North Sumatra Province are floods, tornadoes, and landslides. However, this year, North Sumatra 
also experienced 5 earthquakes with a magnitude of 6.0 with the epicentre on land 15 km northwest in 
North Tapanuli on October 1, 2022. A total of 1,316 houses were damaged, houses of worship, government 
buildings, roads, bridges, and irrigation channels were damaged. Based on the results of the 2022 
Indonesian Disaster Risk Index (IRBI) measurement, North Sumatra Province has a high-risk with a value 
of 142.51 (moderate) [3,12].  

 

Table 3 Structural, Non-structural, Functional Safety, and Safety Index 

No Item Medan City Toba Regency North 
Padang 
Lawas 

Regency 

Padang 
Lawas 

regency 

PH
C A 

PH
C B 

PH
C C 

PH
C D 

PH
C E 

PH
C F 

PH
C G 

PH
C H 

PH
C I 

PH
C J 

PH
C K 

PH
C L 

PH
C M 

PH
C N 

2 Aspect relating to structural safety. 
Columns, beams, walls, slabs, and other structural elements from part of the support system of the building. 
These aspects to be evaluate by structural engineers and depends on their experienced judgement. 

2.1 Degree of 
safety related 
to the history 
of the hospital. 

1.5 2 2 3 3 2.5 2.5 3 1.5 2.5 1.5 2.5 3 1.5 

2.2 Safety related 
to the 
structural 
system and the 
type of 
materials used 
in the hospital 

10 11 8 10 9.5 8.5 9 11 3.5 9.5 9.5 9 11 3.5 

Sub-total score 11.
5 

13 10 13 12.
5 

11 11.
5 

14 5 12 11 11.
5 

14 5 

Structural Safety 
Ratio 

0.8
2 

0.9
3 

0.7
1 

0.9
3 

0.8
9 

0.7
9 

0.8
2 

1 0.3
6 

0.8
6 

0.7
9 

0.8
2 

1 0.3
6 

Average 0.85 0.73 0.82 0.73 
3 Safety of non-structural elements. 

Elements that do not part of the support system. This section corresponds to architectural elements, 
equipment, and systems necessary to the operation of the hospital. 

3.1 Critical System 
3.1.
1 

Electrical 
system 

3 3 4 4.5 3.5 1.5 2.5 4 2 2.5 2.5 2.5 3.5 2 

3.1.
2 

Telecommunica
tion system 

4 4 4 2 2 2 1 1 0 0.5 0.5 1 1 0 

3.1.
3 

Water supply 
system 

6 2 5 4 5.5 0.5 3 4 2 4 4 3 4 2 

3.1.
4 

Fuel storage 
(gasoline, 
diesel, and 
others) 

0 0 0 0 1 0 0 0.5 1 0.5 0 0 0.5 1 

3.1.
5 

Medical gases 
(oxygen, 
nitrogen, etc.) 

2.5 3 3 0.5 3 1 0.5 0 0 2 1 0.5 0 0 

3.1. Sanitation 3 2 1.5 1.5 3 2.5 2 0.5 2.5 1.5 1 2 0.5 2.5 
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Table 3 presents the historical observation results of hospitals and safety levels by considering the 

structural design and types of materials used in the building, 2 PHC (I, N) are included in category C. PHC I 
and PHC N have experienced floods and earthquakes where the damaged buildings were only partially 
repaired. Therefore, the condition of the PHC I and PHC N buildings can pose a safety risk to workers and 

No Item Medan City Toba Regency North 
Padang 
Lawas 

Regency 

Padang 
Lawas 

regency 

PH
C A 

PH
C B 

PH
C C 

PH
C D 

PH
C E 

PH
C F 

PH
C G 

PH
C H 

PH
C I 

PH
C J 

PH
C K 

PH
C L 

PH
C M 

PH
C N 

6 System 
3.1.
7 

Storm drainage 
system 

0 0 0 0 1 0 0 0 0 0.5 0.5 0 0 0 

3.2 Heating, 
ventilation, and 
air 
conditioning 
and/or hot 
water systems, 
mainly in 
critical area 

2 2 1 2 2 0 0 0 0 1.5 1 0 0 0 

3.3 Furniture and 
fitting, office, 
and storeroom 
equipment 

3 3 2.5 2.5 4 3 2 3.5 2 2.5 2 2 3.5 2 

3.4 Medical and 
laboratory 
equipment and 
supplies used 
for diagnosis 
and treatment 

2 2 2 2 2 1.5 1 2 1 1.5 1.5 1 2 1 

3.5 Architectural 
components 

15 15 12 13.
5 

16 11 8.5 9.5 5 8.5 7.5 8.5 9.5 5 

Sub-total score 40.
5 

36 35.
5 

32.
5 

34 23 20.
5 

25 15.
5 

25.
5 

21.
5 

20.
5 

25 15.
5 

Non-Structural Safety 
Ratio 

0.8
6 

0.7
7 

0.7
6 

0.6
9 

0.7
2 

0.4
9 

0.4
4 

0.5
3 

0.3
3 

0.5
4 

0.4
6 

0.4
4 

0.5
3 

0.3
3 

Average 0.76 0.43 0.50 0.43 
4 Safety level as determined by Functional Aspect of the hospital. 

It refers to the level of training of hospital personnel for mass emergencies and disasters as well as the 
degree of implementation of the hospital plan for cases of disaster. 

4.1 Organization of 
the hospital’s 
disaster 
committee 

0 0 0 1 0 0 0 0 0 1 0 0 0 0 

4.2 Hospital’s 
disaster 
response plan 

3 9 15.
5 

8 7 12 1 1 1 11.
5 

8.5 1 1 1 

4.3 Availability of 
medications, 
supplies, 
instruments, 
and equipment 
for disaster 
situation. 

4.5 5.5 7 3 7 5.5 1 1 1 3.5 3.5 2 2 2 

Sub-total score 7.5 14.
5 

22.
5 

12 14 17.
5 

2 2 2 16 12 3 3 3 

Functional capacity 
Ratio 

0.2
3 

0.4
4 

0.6
8 

0.3
6 

0.4
2 

0.5
3 

0.0
6 

0.0
6 

0.0
6 

0.4
8 

0.3
6 

0.0
9 

0.0
9 

0.0
9 

Average 0.44 0.06 0.42 0.09 
SAFETY INDEX 0.6

3 
0.6
8 

0.7
2 

0.6
1 

0.6
8 

0.6
0 

0.3
6 

0.4
4 

0.2
4 

0.5
7 

0.4
7 

0.3
7 

0.4
5 

0.2
5 

Category B A A B A B B B C B B B B C 
SAFETY INDEX 0.68 0.41 0.58 0.42 

CATEGORY A B B B 
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patients during a disaster and require immediate handling. The safety of non-structural elements of the 
hospital shows the escape routes, equipment, architectural elements, access routes, and internal and 
external circulation of the PHC. The results of the non-structural assessment showed that 5 PHCs were in 
category A, 7 PHCs were in category B, and 2 PHCs were in category C. PHCs in category C were not equipped 
with adequate equipment to function effectively during emergencies and disasters. The functional aspect 
shows the evaluation of the institutional organization level, implementation of preparedness plans and 
programs to respond to adverse situations, availability of resources, and level of staff training. The functional 
aspect assessment results show that only 1 PHC is in category A, 6 PHCs are in category B, while 7 PHCs are 
in category C. PHCs in category C indicate that existing safety measures and emergency and disaster 
response protocols are inadequate to ensure the safety of patients and health workers when a disaster 
occurs. the Hospital Safety Index (HSI) across four cities/regencies reveals considerable variation in hospital 
safety levels. Medan City demonstrates the highest safety index (0.68), reflecting relatively better 
preparedness and resilience of its hospitals. North Padang Lawas Regency (0.58) falls into a moderate 
category, while Padang Lawas Regency (0.42) and Toba Regency (0.41) exhibit comparatively lower safety 
levels. These findings indicate that while some progress has been made in enhancing hospital safety, 
particularly in Medan City. 

 

 
Figure 2. Average Structural, Non-Structural, and Functional Safety Index at Four City/Regencies 

 
Figure 2 shows that the average Structural Safety Aspect Index of PHC in 4 cities/regencies is in category A. 
In the Non-Structural Safety aspect, PHC in Medan City is in category A, while 3 other regencies are in 
category B. In the functional safety aspect, PHC in Medan City and North Padang Lawas Regency is in 
category B, while Toba and Padang Lawas Regencies are in category C. 
 

 
Figure 3. Average of Hospital Safety Index in Four Cities/Regencies 
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The figure 3 shows that the Hospital Safety Index (HSI) across four cities/regencies reveals 

considerable variation in hospital safety levels. Medan City demonstrates the highest safety index (0.68), 
reflecting relatively better preparedness and resilience of its hospitals. North Padang Lawas Regency (0.58) 
falls into a moderate category, while Padang Lawas Regency (0.42) and Toba Regency (0.41) exhibit 
comparatively lower safety levels. These findings indicate that while some progress has been made in 
enhancing hospital safety, particularly in Medan City.  

This study assessed the level of disaster preparedness in 14 Public Health Centres (PHCs) based on 
three main components: structural safety, non-structural safety, and functional aspects. The results 
demonstrated significant variation in safety index scores, indicating differing levels of readiness to respond 
effectively in disaster situations. The overall safety index ranged from 0.2394 to 0.7234, with corresponding 
percent achievements between 23.94% and 72.34%. The highest safety index was recorded at PHC C, which 
obtained a total score of 68, translating to a safety index of 0.7234 (72.34%). This was followed by PHC B 
with a score of 63.5 and a safety index of 0.6755 (67.55%), and PHC E with a score of 60.5 and a safety index 
of 0.68 (68%).  

In contrast, the lowest safety index was observed at PHC I, which scored 22.5, corresponding to a 
safety index of 0.2394 (23.94%). Similarly, PHC N and PHC G recorded low levels of preparedness, with 
safety indices of 0.25 (25%) and 0.3617 (36.17%), respectively. Regarding the individual components of the 
assessment, structural safety scores ranged from 5 (0.36) to 14 (1.00), non-structural safety scores from 
15.5 (0.33) to 40.5 (0.86), and functional aspect scores from 2 (0.06) to 23 (0.68). Among these, the 
functional aspect emerged as the weakest component across most PHCs, with several facilities scoring 
extremely low, suggesting critical gaps in maintaining essential health services during emergencies. 
Geographically, PHCs located in Medan City and North Padang Lawas Regency generally achieved higher 
safety scores compared to those in Toba Regency and Padang Lawas Regency, where facilities tended to fall 
within lower safety index categories. 

 
Discussion 

This study assessed the disaster preparedness of public health centres (PHCs) across multiple 
regions in Indonesia using the Hospital Safety Index (HSI) framework. The HSI evaluates three core 
domains—structural safety, non-structural safety, and functional capacity—to provide a comprehensive 
measure of facility readiness during emergencies. The results reveal wide disparities in preparedness levels, 
highlighting critical gaps particularly in the functional and non-structural dimensions of many centres. The 
highest safety index observed in this study was 0.7234 (PHC C), while the lowest was 0.2394 (PHC I), with 
an overall range between 23.94% and 72.34% in terms of percent achievement. Notably, PHCs such as B, C, 
and E showed relatively stronger preparedness scores (>65%), aligning them with Category A on the HSI 
scale, which indicates a likely capacity to remain functional during and after disaster events [10]. However, 
most PHCs fell into Category B or C, denoting a partial to high risk of service disruption during emergencies. 

The findings mirror national and international studies which have identified similar patterns. Research from 
several accredited hospitals in Yogyakarta, Indonesia, suggests that hospitals with plenary accreditation 
tend to score higher on the HSI, largely due to better management systems and infrastructure investments 
[13]. Research finding at Hospital in Padang, preparedness level was low level, means inadequate to protect 
the lives of patients and hospital staffs during and after disaster, and urgent intervention measures are 
needed [14]. A study in Tabriz, Iran, also found that although functional safety was relatively acceptable, 
structural, and non-structural safety aspects were only modest [15].Research on medical facility in Poland 
shows the facility exhibited strengths in infrastructural requirements and inter-facility cooperation [16]. 
This pattern is evident in our dataset, where PHCs such as G, H, and I exhibited significant deficits in 
functional preparedness, scoring between 0.06 and 0.09 in the functional domain, highlighting a critical 
vulnerability.  

The underlying reasons for these deficiencies are multifaceted. Budget constraints, low prioritization 
of disaster planning, the lack of knowledge, willingness, and limited human resource capacities were 
repeatedly cited in both the current study and supporting literature [10,13,15,17–19].  For instance, at RSUP 
Dr. Mohammad Hoesin, a high preparedness index of 0.81 was accompanied by persistent challenges in 
budgeting and service focus, especially concerning functional readiness [20]. Moreover, in Toba Regency, 
despite structural adequacy in centres like Ajibata, poor non-structural and functional preparedness 
rendered facilities less capable of sustaining operations during disasters [17]. Comparative studies in 
Tunisia and Australia further underscore the importance of holistic preparedness. While Tunisian university 
hospitals exhibited overall safety indices between 0.37 and 0.62, many scored below 0.20 in emergency and 
disaster management [19].  In contrast, Australian hospitals demonstrated high HSI scores yet still faced 
vulnerabilities in utility services and emergency planning, reinforcing the notion that strong infrastructure 
alone does not guarantee operational resilience [20]. 
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Multiple Correspondence Analysis 

As outlined in the data analysis section, Multiple Correspondence Analysis (MCA) was employed to 
further explore the data and identify relationships among categorical variables. The case study included 
four regions in North Sumatra Province: six PHCs located in Medan city, three PHCs located in Toba regency, 
two PHCs located in North Padang Lawas regency, and three PHCs located in Padang Lawas regency. Table 4 
presents the model summary of the MCA analysis, and Figure 4 displays the joint plot of the category points. 
The model summary indicates that the two-dimensional solution captures 54.947% of the total variance, 
with both dimensions having eigenvalues greater than 1. Dimension 1 reflects the level of HSI, while 
Dimension 2 corresponds to the four regions involved in the case study. 

Table 4. Multiple Correspondence Analysis Test Result 

Dimension 
Cronbach’s 
Alpha 

Variance Accounted For 
Total 
(Eigenvalue) Inertia % of Variance 

1 0.817 2.583 0.646 64.575 
2 0.597 1.812 0.453 45.300 

Total  4.395 1.099  
Mean 0.727a 2.197 0.549 54.937 

a. Mean Cronbach’s Alpha is based on the mean Eigenvalue. 

 

 

Figure 4. Joint Plot of Category Points 

The joint plot of category points illustrates the association between cities and different aspects of 
functionality, structural safety, and non-structural safety. The positioning of points indicates that North 
Padang Lawas Regency is closely related to Functional Aspect B and Non-Structural Safety B, suggesting a 
stronger emphasis on these factors. Medan City is associated with Functional Aspect A and Non-Structural 
Safety A, reflecting its alignment with basic functional and non-structural safety elements. Padang Lawas 
Regency lies near Functional Aspect C, implying a moderate connection to this category. Meanwhile, Toba 
Regency shows proximity to Structural Safety B and Non-Structural Safety C, highlighting a stronger linkage 
to safety-related attributes. These spatial relationships demonstrate that each city has distinct priorities or 
strengths in terms of functionality and safety, with Dimension 1 largely differentiating functional versus 
non-structural aspects, while Dimension 2 reflects the relative emphasis on safety compared to 
functionality. These findings demonstrate that each city exhibits distinct priorities or strengths, which carry 
important implications for regional planning and safety policy. 
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Conclusion 
The analysis demonstrates that public health centres in the studied regions exhibit significant 

differences in safety performance. Category A facilities show strong resilience and require ongoing 
maintenance, Category B facilities highlight structural adequacy but operational weaknesses, and Category 
C facilities reflect critical vulnerabilities requiring immediate intervention. Importantly, the findings confirm 
that resilience depends not only on structural safety but also on non-structural and functional readiness. In 
line with WHO’s Hospital Safety Index and the Safe Hospitals framework, the study underscores the need 
for integrated strategies that prioritize functional continuity alongside infrastructure strength. 
Strengthening facility resilience will not only safeguard public health services but also ensure their role as 
vital lifelines during disasters and emergencies. 

Based on the identified disparities in safety performance and resilience across public health centres, 
it is recommended that Category A facilities sustain their strong performance through routine maintenance, 
regular functional drills, and digital systems for monitoring infrastructure conditions; Category B facilities 
prioritize strengthening operational and functional readiness by updating emergency procedures, 
enhancing staff capacity, and improving non-structural safety features; and Category C facilities undergo 
immediate structural assessments, targeted retrofitting of critical service areas, and temporary continuity 
measures to maintain essential services during upgrades. Across all categories, facilities should develop 
integrated resilience plans aligned with the WHO Hospital Safety Index, incorporate resilience indicators 
into budgeting and regional coordination mechanisms, install redundant utility and communication 
systems, and routinely test continuity-of-operations plans through stress simulations. Strengthening 
monitoring and early-warning systems including resilience dashboards, hazard sensors, and periodic safety 
scoring will support data-driven decision-making, while policy and research efforts should focus on 
integrating functional and non-structural dimensions into safety frameworks, developing predictive 
resilience models, and evaluating cost-effective strategies for retrofitting, workforce preparedness, and 
supply chain robustness. 
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