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Abstract: Background: Indonesia’s geographic position at the convergence of three major tectonic plates, its 

location along the Ring of Fire, tropical climate, and exposure to both natural and non-natural hazards demand 

robust and resilient disaster mitigation, response, and management capabilities. 

Objectives: This study examines the current readiness of civilian and military hospitals in addressing CBRNE 

threats, analyzes regulatory fragmentation, and formulates evidence-based policy recommendations. 

Methods: An exploratory mixed-methods design was employed using both primary and secondary data. Data were 

collected through interviews and structured questionnaires. Qualitative analysis was conducted with NVivo, while 

quantitative analysis employed SEM-PLS 4. The study was conducted in two hospitals—one civilian and one 

military - located in the Jakarta region. 

Results: Qualitative findings reveal that CBRNE threats in Indonesia are real, recurrent, geographically dispersed, 

and primarily chemical, biological, radiological, and explosive in nature. These threats constitute a complex system, 

necessitating civil-military interoperability in management. The lack of permanent cooperation agreements 

represents a major barrier to effective mitigation, response, and management. Quantitative results show that hospital 

capacity, preparedness, and response capabilities significantly and negatively affect the effectiveness of CBRNE 

threat management, with a path coefficient of –0.622, T-statistics of 9.442, a p-value of 0.000, and an effect size (F²) 

of 0.632. This negative relationship reflects empirical limitations in human resources, technology, and governance 
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that directly reduce response effectiveness. 

Conclusion: Strengthening hospital preparedness requires integrated measures, including regulatory harmonization, 

permanent civil-military cooperation mechanisms, and improvements in human resources, technology, and 

governance. 

Novelty: This study proposes a risk-based modeling framework that quantitatively integrates hospital capacity, 

emergency response readiness, and CBRNE hazard characteristics, providing a systematic approach to enhance 

hospital preparedness and public health resilience. 

Keywords: CBRNE, Hospital Preparedness, Health Security, Indonesia, Civil-Military Interoperability. 

基于风险的建模方法：增强医院应对化学、生物、放射、核与爆炸威胁

的准备能力以提升公共卫生水平 

摘要：背景： 

尼地处三大主要板块交汇处，位于环太平洋火山带，气候为热带，并且面临自然与非自然灾害的

威胁，这要求其具备强大且有弹性的灾害减缓、应对和管理能力。 

目标： 

本研究旨在评估民用和军用医院应对CBRNE威胁的现状，分析法规碎片化问题，并提出基于证据

的政策建议。 

方法： 

本研究采用探索性混合方法设计，结合了原始数据和二手数据。数据通过访谈和结构化问卷收集

。定性分析使用NVivo进行，定量分析采用SEM-PLS 4。研究在雅加达地区的两家医院进行——

一家民用医院和一家军用医院。 

结果： 

定性结果显示，印尼的CBRNE威胁真实存在且反复发生，地理分布广泛，以化学、生物、放射和

爆炸事件为主。这些威胁构成了一个复杂系统，需要民用与军用机构在管理中实现互操作性。缺

乏长期合作协议是有效减缓、应对和管理的主要障碍。定量结果表明，医院能力、应急准备和响

应能力对CBRNE威胁管理的有效性具有显著负向影响，其路径系数为–

0.622，T统计量为9.442，p值为0.000，效应量（F²）为0.632。此负向关系反映了人力资源、技术

与治理方面的实际限制直接降低了响应效果。 

结论： 

提升医院应急准备能力需要综合措施，包括法规协调、建立长期民用与军用合作机制，以及在人

力资源、技术和治理方面的改进。 

创新点： 

本研究提出了一种基于风险的建模框架，将医院能力、应急响应准备和CBRNE危险特性定量整合

，为系统性增强医院准备能力和公共卫生韧性提供方法。 

关键词：CBRNE、医院应急准备、健康安全、印尼、民用-军用互操作性 
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1. Introduction
Although CBRNE threats are widely recognized

as strategic risks to public health security, a substantial 

gap persists between the expected level of hospital 

preparedness and actual practices on the ground[1], [2]. 

Hospital capacities remain limited, the implementation 

of theoretical preparedness frameworks is fragmented, 

and regulatory execution is not yet fully integrated with 

the national security system. Moreover, lessons learned 

from previous health crises have not been 

systematically institutionalized in a sustainable 

manner[3], [4], [5]. 

Indonesia is geographically located at the 

convergence of three major tectonic plates the Eurasian 

(Asian), Indo-Australian, and Pacific plates rendering 

the country highly vulnerable to earthquakes, tsunamis, 

and volcanic activity[6], [7], [8]. The southern and 

eastern regions of Indonesia lie along the volcanic belt 

known as the Ring of Fire, which significantly 

increases the risk of volcanic eruptions, earthquakes, 

landslides, and flooding[9]. In addition, Indonesia’s 

tropical climate, characterized by distinct dry and rainy 

seasons, contributes to a high frequency of 

hydrometeorological disasters, as evidenced by the 

recent natural disasters in Sumatra[10], [11], [12], [12]. 

Beyond natural hazards, non-natural disasters 

such as Chemical, Biological, Radiological, Nuclear, 

and Explosive (CBRNE) threats constitute 

multidimensional risks with direct implications for 

public health, social resilience, and national security. 

Exposure to CBRNE agents can result in high 

morbidity and mortality, long term health 

consequences, and environmental contamination that is 

difficult to remediate[13]. Effective management of 

such threats requires cross-sectoral coordination, 

resilient and technologically advanced health facilities, 

and integrated crisis management capabilities. High 

population density, persistent vulnerability to disasters, 

and the limited availability of specialized CBRNE 

referral hospitals further exacerbate risks to public 

health, social stability, and national security[14]. In this 

context, differences in functions, roles, and resources 

between civilian hospitals and TNI-affiliated hospitals 

become critical determinants of response 

effectiveness[8]. 

Hospitals play a strategic and fundamental role 

in responding to CBRNE threats, as they serve as the 

frontline of health services during mass-casualty 

incidents and extraordinary events. In the CBRNE 

context, hospitals are not limited to curative care but 

also function as centers for early detection, medical 

triage, decontamination, isolation, and specialized 

referral to prevent the escalation of health impacts[7]. 

Hospitals are responsible for ensuring the safety of 

patients, health workers, and the environment through 

strict infection control protocols, appropriate use of 

personal protective equipment, and safe management 

of hazardous and contaminated waste. Owing to these 

multidimensional functions, hospitals represent a key 

pillar in maintaining the resilience of the national 

health system against complex and high risk CBRNE 

threats[15]. 

At present, however, civilian hospitals and 

hospitals within the Ministry of Defense in Indonesia 

have not been fully positioned as the primary frontline 

in responding to CBRNE threats. This is reflected in 

uneven and suboptimal levels of capacity, 

preparedness, and response capability across regions. 

The implementation of early detection, triage, 

decontamination, isolation, and specialized referral 

functions remains constrained by limitations in 

infrastructure readiness, trained human resources, and 

adequate CBRNE-related technology. Furthermore, 

cross-sectoral collaboration in CBRNE management 

remains largely reactive and has yet to be integrated 

into a unified national system, thereby hindering the 

speed and effectiveness of response[16]. 

Civilian hospitals currently serve as the primary 

authority in managing CBRNE threats, as mandated by 

Law No. 17 of 2023 on National Health, in conjunction 

with Law No. 24 of 2007 on Disaster Management, 

Law No. 6 of 2018 on Health Quarantine, Law No. 10 

of 1997 on Nuclear Energy, Law No. 5 of 2018 on the 

Eradication of Terrorism, and Law No. 32 of 2009 on 

Environmental Protection and Management. Within 

this framework, civilian hospitals hold the principal 

mandate for mitigation, response, and recovery from 

the health impacts of CBRNE threats. Conversely, 

Ministry of Defense-TNI hospitals provide defense 

health support through the function of Military 

Operations Other Than War (OMSP), as regulated 

under Law No. 3 of 2025 on the TNI, in conjunction 

with Law No. 3 of 2002 on National Defense and 

Ministry of Defense Regulation No. 32 of 2014. 

Nevertheless, effective collaboration between civilian 

and military hospitals remains constrained by 

differences in institutional roles and authorities, as well 

as the absence of permanent Cooperation Agreements 

as operational derivatives of these regulations. This 

condition has resulted in suboptimal integration of 

mitigation, response, and recovery efforts related to 

CBRNE threats in Indonesia[17]. 

Based on these conditions, the research gap lies 

in the absence of comprehensive and integrated studies 

that analyze the capacity, preparedness, and response 

capability of civilian hospitals and Ministry of Defense 

affiliated hospitals in addressing CBRNE threats in 

Indonesia. Previous studies have tended to examine 

disaster management or public health aspects in a 

fragmented manner, without simultaneously assessing 

legal mandates, infrastructure readiness, human 

resource competencies, technological support, and the 

effectiveness of civil-military collaboration within a 

unified operational framework. Moreover, empirical 
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assessments of the impact of regulatory fragmentation 

and the lack of permanent cooperation mechanisms on 

the effectiveness of CBRNE mitigation, response, and 

recovery remain limited, underscoring the need for this 

study as a scientific basis for strengthening CBRNE 

response governance in Indonesia[18]. 

Accordingly, this study aims to comprehensively 

and integratively analyze the capacity, preparedness, 

and response capability of civilian hospitals and 

Ministry of Defense affiliated hospitals in addressing 

CBRNE threats in Indonesia, by examining differences 

in legal mandates, infrastructure readiness, human 

resource competencies, technological support, and the 

effectiveness of civil-military collaboration. In 

addition, the study seeks to evaluate the implications of 

regulatory fragmentation and the absence of permanent 

cooperation mechanisms on the effectiveness of 

CBRNE mitigation, response, and recovery, in order to 

formulate more integrated and adaptive policy and 

governance recommendations to strengthen national 

CBRNE response resilience[19]. 

The novelty of this study lies in the application 

of a mixed-methods approach that simultaneously 

integrates qualitative and quantitative analyses to 

examine CBRNE threats as a unified and non-

fragmented spectrum, while formulating a civil-

military collaboration policy based on permanent 

Cooperation Agreements   as an institutional and 

operational mechanism to address regulatory 

fragmentation, strengthen capacity and preparedness, 

enhance the effectiveness of national CBRNE 

response, and prevent reactive patterns of threat 

management[20]. 

2. Methods
2.1. Materials. Data Sources. Primary data were

collected through in-depth interviews with 10

participants across two hospitals, focus group

discussions with five CBRNE experts from the Defense

Health and National Security Concentration at the

Defense University, and direct field observations by the

researcher. Secondary data were derived from a

literature review and systematic screening of online

mass media, supported by prior studies published in

Scopus-indexed journals.

2.2. Methods. This study employed an exploratory

mixed methods design to comprehensively examine

hospital capacity, preparedness, and response

capabilities in addressing CBRNE threats. The

qualitative phase was conducted first to explore

institutional capacity, governance arrangements, and

patterns of civil-military collaboration through in-depth

interviews, focus group discussions, and field

observations. Findings from the qualitative phase

informed the development of the quantitative research

instrument. Subsequently, the quantitative phase

utilized Structural Equation Modeling-Partial Least

Squares (SEM-PLS 4) to empirically test the 

relationship between hospital capacity and the 

effectiveness of CBRNE threat management. 

Integration of qualitative and quantitative findings was 

carried out at the interpretation stage to ensure 

analytical convergence and to enhance the validity and 

robustness of the results(Open et al., 2021). 

2.2.1.Study Sites and Period. The research was 

conducted at two hospitals: Fatmawati Hospital, South 

Jakarta, representing a Ministry of Health referral 

hospital, and the National Defense Central Hospital 

(RSPPN) Panglima Besar Soedirman, representing a 

defense/military hospital under the Ministry of 

Defense-TNI Health. The study was carried out from 

August to November 2025 in Jakarta. 

2.2.2. Research Instruments. In the qualitative phase, 

eight medical professionals were selected purposively 

as key informants, with each in-depth interview lasting 

approximately 45 minutes. In the quantitative phase, a 

questionnaire was administered using purposive 

sampling to 100 respondents, comprising medical 

personnel, health workers, and administrative staff 

from both hospitals[23]. 

2.2.3. Data Analysis. Qualitative data were analyzed 

using NVivo 12 through thematic analysis, inter-theme 

relationship analysis, and thematic hierarchy mapping 

to identify patterns and dynamics in CBRNE 

response[24][25]. Quantitative analysis was conducted 

using Structural Equation Modeling-Partial Least 

Squares (SEM-PLS 4), including assessments of the 

outer model, inner model, and overall model 

fit[26][27]. 

2.2.4. Ethical Considerations and Data Validation. The 

study obtained ethical clearance and research 

authorization from the Defense University, as well as 

institutional approval from each participating hospital. 

Data validity was strengthened through source 

triangulation to enhance the credibility of the findings. 

2.2.5. Proposition. Theoretically, civil-military 

collaboration based on permanent Cooperation 

Agreements, as operational derivatives of CBRNE-

related regulations, is expected to enhance the capacity, 

preparedness, and response capability of civilian 

hospitals and Ministry of Defense-TNI Health hospitals 

in addressing CBRNE threats in Indonesia[28]. 

2.2.6. Data Validation. Source triangulation was 

employed[29]. 

2.2.7. Research Stages. The study commenced with an 

official research assignment from the Defense 

University, followed by the preparation and submission 

of research permits to the two target hospitals, the 

acquisition of institutional approvals, field data 

collection, data processing and analysis, presentation of 

findings to five CBRNE experts in Defense Health at 

the Defense University, discussion and refinement of 

results, and the preparation of a manuscript for 

publication of the research findings[30]. 
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Data Source: Developed by the authors 

Figure 1: Research Design and Analytical 

Framework 

3. Results

3.1  Qualitative Results 

3.1.1 Findings Based on Qualitative Analysis 

Interview Excerpt from a Participant at the National 

Defense Central Hospital (RSPPN) Panglima Besar 

Soedirman: 

“Currently, the National Defense Central 

Hospital (RSPPN) Panglima Besar Soedirman 

does not yet have a dedicated decontamination 

facility, specialized personal protective 

equipment, or adequately trained personnel. 

Within the defense health system, the Indonesian 

National Armed Forces (TNI) possess Nuclear, 

Biological, and Chemical (NBC/Nubika) units 

within the Army, and the TNI demonstrated 

considerable experience and effectiveness in 

managing the COVID-19 pandemic. However, to 

the best of my knowledge, no hospital within the 

defense sector has been formally designated as a 

referral hospital for CBRNE threats, particularly 

hospitals located in regional areas”[31]. 

Interview Excerpt from a Participant at Fatmawati 

General Hospital: 

“Fatmawati General Hospital is indeed one of 

the three hospitals officially designated by the 

Indonesian Ministry of Health to handle CBRNE 

threats. The other two hospitals are the 

Infectious Disease Hospital (RSPI) Prof. Dr. 

Sulianti Saroso and Ali Sadikin Hospital. 

Fatmawati Hospital is equipped with a 

decontamination room and specialized personal 

protective equipment; however, it faces 

limitations in terms of trained personnel and 

critical technologies. These include the limited 

availability of multi-gas detectors, chemical 

agent monitors, ion mobility spectrometry, real-

time PCR analyzers, bioaerosol detectors, Geiger 

Müller counters, gamma spectrometers, and 

personal dosimeters for early detection”[32], 

[33], [34]. 

“For protection and decontamination, 

hospitals require comprehensive systems such as 

decontamination shower units, Level B-C 

hazmat suits, powered air-purifying respirators 

(PAPR), self-contained breathing apparatus 

(SCBA), HEPA filtration units, and radiation 

shielding equipment. From the perspective of 

medical and laboratory services, hospitals must 

be equipped with Class II/III biosafety cabinets, 

BSL-2 or BSL-3 laboratories, rapid CBRNE 

diagnostic tools, antidote kits such as atropine, 

pralidoxime, and cyanide kits, auto-injector 

antidotes, as well as ICU ventilators and 

extracorporeal membrane oxygenation (ECMO) 

systems”[35], [36].  

“In addition, effective crisis management 

requires the establishment of a Hospital Incident 

Command System (HICS) and an Emergency 

Operations Center (EOC), integrated health 

information systems, GIS-based mapping 

systems, and secure communication platforms. 

From a security and training standpoint, 

hospitals also require X-ray scanners, explosive 

trace detectors, bomb-disposal robots, 

surveillance drones, and digital-based CBRNE 

simulation and training systems”[37]. 

3.1.2. Synthesis of Interview Findings, Field 

Observations, and Literature Review 

Overall, the combined findings from interviews, field 

observations, and the literature indicate a significant 

disparity between policy designation and operational 

readiness in addressing CBRNE threats. While selected 

civilian hospitals have been formally appointed and 

partially equipped, substantial gaps persist in human 

resource capacity, advanced detection technology, 

integrated command systems, and intersectoral 

coordination. In contrast, defense sector hospitals 

remain institutionally underprepared, despite the 

existence of specialized military CBRNE units and 

prior operational experience in large scale health 
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emergencies. This condition underscores the urgent 

need for a nationally integrated CBRNE preparedness 

framework that aligns civilian and military health 

systems, strengthens infrastructure and workforce 

capacity, and ensures equitable readiness across both 

central and regional healthcare facilities[38]. 

3.1.2. Results of Interview, Observation, and Literature 

Review Analysis Using NVivo 12 

Data Source: Developed by the authors 

Figure 2: Coding Coverage of Interview Themes 

(NVivo 12) 

Figure 2 illustrates the percentage distribution of major 

thematic categories derived from the coding of 

interview data related to CBRNE response. The 

dominance of themes concerning response capability 

and civil-military interoperability indicates that 

participants primarily emphasized operational aspects 

during crisis situations, while preparedness and 

governance received comparatively less attention. This 

pattern reflects a discernible gap at the pre-crisis stage 

of CBRNE management[39]. 

Stakeholder orientation in addressing CBRNE 

threats remains largely reactive, with a predominant 

focus on response capacity and coordination once a 

crisis has already occurred. The relatively limited 

emphasis on preparedness and governance signifies 

structural weaknesses in the pre-crisis phase, 

particularly in strategic planning, system strengthening, 

and institutional arrangements that should serve as the 

foundation for prevention and mitigation. Such 

conditions suggest that Indonesia’s CBRNE response 

system has not yet fully adopted a long term risk 

management perspective, thereby increasing systemic 

vulnerability when confronted with complex and large 

scale CBRNE incidents[40]. 

The implications of these findings underscore 

the necessity for a paradigm shift in CBRNE 

management, moving from a predominantly reactive 

approach toward the systematic strengthening of pre-

crisis preparedness and governance. A planned, 

integrated, and sustainable framework is essential to 

reduce the vulnerability of the national response system 

and to enhance resilience against complex and large 

scale CBRNE incidents[41]. 

Data Source: Developed by the authors 

Figure 3: Word Cloud Analysis of CBRNE Interview 

Data 

Figure 3 presents a visualization of the most frequently 

occurring words in the interview data. The most 

prominent and dominant themes revolve around 

“CBRNE,” “defense,” and “hospital,” indicating that 

the primary focus of the study lies in hospital responses 

within the defense context to CBRNE threats. Other 

key themes that emerge strongly include “capacity,” 

“preparedness,” and “response,” which represent the 

three main dimensions of hospital preparedness 

analysis[42]. 

In addition, supporting themes such as 

“management,” “governance,” “law,” and 

“designation” emphasize the importance of regulatory 

frameworks, governance structures, and institutional 

designation in responding to CBRNE threats. 

Operational aspects are also highly evident through the 

frequent appearance of themes such as “facilities,” 

“infrastructure,” “trained personnel,” and 

“decontamination,” reflecting the interconnection 

between physical readiness, technological capability, 

and human resources[38]. 

Overall, the dominance of these themes indicates 

that CBRNE is understood as a complex health defense 

issue that is highly dependent on the integration of 

institutional capacity, system preparedness, and 

hospitals operational response capabilities. The 

implications for strengthening CBRNE response should 

therefore be directed toward the development of 

hospital systems that are institutionally, operationally, 

and regulatorily integrated, by balancing the 

enhancement of technical capacity, pre-crisis 

preparedness, and civil-military collaborative 

governance, so that responses move beyond a reactive 

approach toward a long-term risk management 

orientation[20]. 
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Data Source: Developed by the authors 

Figure 4. Tex Search Query-Result NVivo 12 

The thematic relationship map shows that “CBRNE” 

functions as the central node linking various 

institutional, operational, and policy dimensions within 

the defense health response. The theme of “capacity 

and preparedness” is directly associated with the 

availability of basic infrastructure, such as 

decontamination facilities, diagnostic laboratories, and 

crisis management centers, which determine the 

effectiveness of “hospital response” to large-scale or 

complex CBRNE incidents[43]. The absence of formal 

designation of defense hospitals as referral hospitals, 

along with the lack of an integrated operational 

framework, weakens the clarity of institutional roles 

and authority, resulting in responses that tend to be 

partial and ad hoc. This relationship is further 

reinforced by the themes of “governance” and “referral 

system,” indicating that without permanent cooperation 

agreements and institutionalized coordination 

mechanisms, national response capacity to CBRNE 

threats will remain limited[44]. 

CBRNE threats thus serve as a unifying issue 

that demands cross-dimensional integration across 

institutional, operational, and policy frameworks within 

defense health. The close linkage between capacity and 

preparedness and the effectiveness of hospital response 

indicates that hospital readiness is largely determined 

by the availability of critical infrastructure and robust 

crisis management systems, particularly in addressing 

large-scale or complex CBRNE incidents. The lack of 

formal designation of defense hospitals as referral 

centers, combined with the absence of an integrated 

operational framework, reflects weak governance and 

fragmented authority, which in turn leads to 

uncoordinated and ad hoc responses. The themes of 

governance and referral system play a central role as 

structural connectors that determine the extent to which 

capacity and preparedness can be transformed into 

effective national response capabilities. Without clear 

institutionalization of cooperation and coordination, 

CBRNE response resilience will remain 

constrained[45]. 

Therefore, the strengthening of the national 

CBRNE response requires the institutionalization of 

governance arrangements through the formal 

designation of referral hospitals, the development of an 

integrated operational framework, and the 

establishment of permanent cooperation agreements. 

These measures are essential to ensure that hospital 

capacity and preparedness can be effectively converted 

into coordinated and sustainable response 

capabilities[46]. 

Data Source: Developed by the authors 

Figure 5.  Tree Map/Code Co-occurrence Analysis 

Figure 5  illustrates the distribution and relative 

weighting of the main themes derived from the 

qualitative analysis. The themes of “civil-military 

interoperability” and “response capability” appear as 

the most dominant, underscoring that the effectiveness 

of CBRNE response is strongly influenced by the level 

of integration and coordination between civilian and 

military institutions, as well as by operational capacity 

in managing crises[47]. The themes of “human 

resources” and “technology” emerge as determining 

factors that either strengthen or constrain capacity and 

preparedness, particularly in relation to the availability 

of trained personnel and specialized CBRNE 

technological support. Meanwhile, the themes of 

“capacity” and “governance” reflect the structural and 

institutional dimensions that form the foundation of 

response sustainability, including policy frameworks, 

governance arrangements, and infrastructure 

availability. Overall, this visualization indicates that 

CBRNE response constitutes a complex system that is 

highly dependent on the interlinkages among civil–

military interoperability, response capability, human 

resources, technology, and an integrated governance 

framework[48]. 
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CBRNE response represents a complex and 

interdependent system across multiple key dimensions. 

The dominance of civil-military interoperability and 

response capability highlights that the effectiveness of 

CBRNE crisis management is largely determined by 

cross-sectoral integration and coordination, as well as 

by operational readiness during incidents. This finding 

reinforces the argument that hospital technical capacity 

alone cannot function optimally without clear and 

effective civil-military cooperation mechanisms. 

Furthermore, the emergence of human resources and 

technology as critical determinants indicates that 

limitations in trained health personnel and specialized 

CBRNE technologies constitute major barriers that 

directly weaken preparedness and response capacity. In 

addition, capacity and governance function as 

structural foundations that determine system 

sustainability, as without adequate policies, governance 

mechanisms, and infrastructure, integration and 

response capabilities cannot be maintained 

consistently[49]. 

The implications suggest that strengthening 

CBRNE response must be pursued through a holistic 

approach, encompassing the institutionalization of 

civil-military interoperability, the enhancement of 

human resource competencies and specialized 

technologies, and the reinforcement of governance and 

structural capacity. Such an approach is essential to 

ensure that hospital response capabilities operate 

effectively and sustainably in the face of CBRNE 

crises[50]. 

3.1.3. Findings from Online Mass Media Sources 

Table 1. List of CBRNE Incidents in Indonesia 

Threat Type Incident Year 

Chemical Ammonia leak at   PIM Aceh, Ltd 2016 

Radiological Reactors (Bandung, Yogyakarta, Serpong) Cesium-137 2000 

Chemical Ammonia leak at  KFI Cilegon, Ltd 2020 

Chemical Ammonia leak in Gresik 2022 

Chemical Pertamina Plumpang Depot explosion 2023 

Biological Anthrax outbreak in Kulon Progo-Yogyakarta 2019 

Biological Covid-19 2019-2022 

Biological Anthrax outbreak in Gunungkidul 2023 

Biological Anthrax cases in Papua 2022 

Radiological Cesium-137 exposure in Batan Indah Housing 2020 

Radiological Cikande Shrimp Case, Tangerang Banten  2025 

Radiological  Clove Case, Lampung Selatan-Sumatra 2025 

Radiological Radioactive material found in Lampung 2018 

Radiological Loss of industrial radiography sources 2016-2022 

Nuclear Anomalies at BATAN nuclear research facility 2014-2020 

Explosive Tangerang fireworks factory explosion 2017 

Explosive Cimahi ammunition warehouse explosion 2023 

Explosive Series of terrorism related explosions in Indonesia 2016-2021 

Explosive Molotov bomb incidents in Indonesia 2025 

Data Source: Developed by the authors 

Table 1 demonstrates that CBRNE incidents in 

Indonesia are tangible, recurrent, and cross-sectoral in 

nature, with threat patterns predominantly 

characterized by chemical, biological, radiological, and 

explosive events occurring over extended periods and 

dispersed across diverse geographical regions. 

Incidents such as ammonia leaks, anthrax outbreaks, 

the COVID-19 pandemic, exposure to and loss of 

radioactive sources, as well as explosions at industrial 

facilities and ammunition depots, affirm that CBRNE 

threats are not hypothetical. Rather, they have occurred 

and continue to manifest within the contexts of 

industrial activity, public health, nuclear research, and 

national security. The persistence and diversity of these 

incidents indicate a high level of national vulnerability 

to non-conventional risks, while simultaneously 

highlighting the close interconnection between 

industrial safety, environmental health, and public 

security[51]. 

From a scientific perspective, these findings 

reinforce the argument that CBRNE preparedness 

must be positioned as a strategic priority within 

both health and defense domains. This necessitates 

the strengthening of early detection capabilities, 

the development of integrated medical response 

systems, and the establishment of sustained cross-

sectoral coordination across all regions of 

Indonesia[52]. 

The implications of these quantitative 

findings suggest that Indonesia requires a 
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nationally coordinated, continuous, and cross-

sectoral approach to CBRNE preparedness. Such 

an approach should focus on enhancing early 

warning and detection capacity, integrated medical 

response mechanisms, and institutionalized health 

defense coordination in order to mitigate the 

health, environmental, and security risks posed by 

recurrent and geographically dispersed CBRNE 

incidents[53]. 

Table 2. Indikator Variabel X -Capacity Preparedness and Response Capability of Hospitals 

Indicator 

X1- Infrastructure Readiness 

X2- Human Resource Competence 

X3- Technological Capability and Operational Procedures and SOPs 

X4-Training and Simulation Preparedness 
Data Source: Developed by the authors 

Table 2 conceptualizes Variable X (Hospital Capacity, 

Preparedness, and Response Capability) as a construct 

formed by four interrelated core indicators. 

Infrastructure readiness (X1) reflects the availability of 

physical facilities that support  

CBRNE response; human resource competence (X2) 

represents the skills and expertise of healthcare 

personnel; technological capability together with 

operational procedures and standard operating 

procedures (X3) indicates the extent of technological 

support and the application of standardized work 

processes; while preparedness through training and 

simulation (X4) captures the level of hospitals’ 

operational readiness in responding to emergency 

situations. Collectively, these four indicators determine 

the overall level of hospital preparedness and the 

effectiveness of response to CBRNE threats[54]. 

Enhancing the effectiveness of hospital 

responses to CBRNE threats can only be achieved 

when capacity strengthening is conducted 

simultaneously across infrastructure, human resource 

competence, technological and SOP support, and 

preparedness through continuous training and 

simulation. Deficiencies in any single indicator will 

undermine the overall readiness and resilience of the 

hospital response system[55]. 

Table 3.  Indikator Variabel Y-Effectiveness of CBRNE Threat Management in Indonesia 

Indicator 
Y1-Response Timeliness,Coordination and Interoperability, and  Casualty and Exposure Control. 

Y2-Service Continuity and System Resilience, Compliance with Safety and Regulatory Standards. 

Data Source: Developed by the authors 

Table 3 describes Variable Y (Effectiveness of CBRNE 

Threat Management in Indonesia), which is measured 

through two principal indicators. Timeliness of 

response, coordination and interoperability, and the 

control of casualties and exposure (Y1) reflect the 

system’s capacity to respond to CBRNE incidents in a 

rapid, coordinated, and effective manner in order to 

minimize health impacts. Meanwhile, service 

continuity and system resilience, along with 

compliance with safety standards and regulatory 

requirements (Y2), illustrate the ability of the health 

and defense systems to maintain operations in a 

sustained and safe manner in accordance with 

established regulations. Together, these two indicators 

represent the overall level of effectiveness in national 

CBRNE threat management[56]. 

The effectiveness of CBRNE threat management 

in Indonesia is therefore strongly determined by the 

system’s capacity to deliver timely and coordinated 

responses while simultaneously ensuring service 

continuity and adherence to safety standards. 

Accordingly, the strengthening of operational response 

capabilities must proceed in parallel with efforts to 

enhance system resilience and regulatory 

governance[57]. 

3.2 Quantitative Results 

3.2.1.Outer Model 

Data Source: Developed by the authors 

Figure 6. Outer Loading Sem Pls-4 
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The figure represents a SEM-PLS structural 

model that explains the relationship between Variable 

X (Capacity, Preparedness, and Response Capability of 

Hospitals) and Variable Y (Effectiveness of CBRNE 

Threat Management in Indonesia), along with their 

respective indicators[58]. From the measurement 

model (outer model), the outer loading values for 

indicators X1-X4 (approximately 0.77-0.86) and Y1-

Y2 (approximately 0.84-0.87) indicate that all 

indicators demonstrate strong convergent validity, as 

their values exceed the recommended threshold of 

0.70. This confirms that each indicator consistently and 

reliably reflects its corresponding latent construct[59]. 

Within the structural model (inner model), the 

path coefficient from Variable X to Variable Y is –

0.622, indicating a statistically significant but negative 

relationship. Substantively, this finding suggests that 

lower levels of hospital capacity, preparedness, and 

response capability are associated with reduced 

effectiveness in managing CBRNE threats. This 

relationship highlights the presence of structural and 

operational unpreparedness that exerts a systemic 

impact on national CBRNE management effectiveness. 

The R² value of 0.387 for Variable Y indicates that 

approximately 38.7% of the variance in the 

effectiveness of CBRNE threat management can be 

explained by hospital capacity, preparedness, and 

response capability, while the remaining variance is 

influenced by other factors not captured within the 

model[60]. The implications of these findings indicate 

that improving the effectiveness of CBRNE threat 

management in Indonesia requires systematic 

strengthening of hospital capacity, preparedness, and 

response capability as key explanatory factors. At the 

same time, it underscores the necessity of integrating 

additional determinants beyond the hospital sector into 

national policies and governance frameworks in order 

to mitigate the systemic consequences of structural 

unpreparedness[61]. 

Table 4. Construct Validity and Reability 

Variable 

Cronbach's 

alpha 

Composite reliability 

(rho_a) 

Composite 

reliability 

(rho_c) 

Average variance 

extracted (AVE) 

X-capacity

preparedness an

response hospitals

0.858 0.860 0.904 0.702 

Y-effectiveness of

cbrne threat
0.635 0.640 0.845 0.732 

Data Source: Developed by the authors 

Table 4 indicates that the research constructs have met 

acceptable criteria for validity and reliability. The 

Cronbach’s alpha and composite reliability values 

(rho_a and rho_c) for Variable X exceed the minimum 

threshold of 0.70, demonstrating strong internal 

consistency, while Variable Y attains a level of 

reliability that remains acceptable for exploratory 

research. In addition, the Average Variance Extracted 

(AVE) values for both variables exceed 0.50, 

confirming adequate convergent validity and indicating 

that the indicators are able to represent their respective 

latent constructs in a robust and reliable manner[62]. 

The implications of these results indicate that the 

research instrument demonstrates both methodological 

robustness and empirical reliability in capturing the 

multidimensional nature of hospital capacity, 

preparedness, and response capability, as well as the 

effectiveness of CBRNE threat management. The 

satisfactory levels of validity and reliability confirm 

that the selected indicators accurately reflect the 

underlying constructs and are suitable for analyzing 

complex, high-risk health security contexts. 

Consequently, the structural relationships identified in 

the model can be interpreted with a high degree of 

confidence, as they are grounded in consistent and 

stable measurements. This provides a solid empirical 

basis for drawing meaningful conclusions regarding 

systemic strengths and weaknesses in hospital 

preparedness. Moreover, the credibility of the 

analytical framework supports its use as a reference for 

policy formulation, enabling decision-makers to design 

targeted, evidence-based interventions aimed at 

strengthening institutional capacity, improving 

intersectoral coordination, and enhancing national 

resilience against CBRNE threats[63]. 
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Table 5. Discriminat Validity-HTMT 

Variable 
X-capacity preparedness

an response hospitals

Y-effectiveness

of  CBRNE threat 

X-capacity

preparedness an

response hospitals

Y-effectiveness of

cbrne threat
0.831 

Data Source: Developed by the authors 

Table 5 demonstrates that discriminant validity 

between the constructs has been satisfactorily 

established, as indicated by the Heterotrait-Monotrait 

Ratio (HTMT) value of 0.831, which remains below 

the recommended threshold of 0.90. This finding 

confirms that Variable X (Capacity, Preparedness, and 

Response Capability of Hospitals) and Variable Y 

(Effectiveness of CBRNE Threat Management) are 

conceptually distinct constructs, while still maintaining 

an adequate level of association within the research 

model. Accordingly, each construct measures a 

different conceptual domain without evidence of 

measurement overlap[64]. The research model 

therefore exhibits strong conceptual clarity, as each 

construct is measured in a specific and non-overlapping 

manner. This ensures that the causal relationship 

between hospital capacity and the effectiveness of 

CBRNE threat management can be interpreted with 

greater accuracy and validity[65]. 

Tabel 6. Discriminat Validity-Fornell Lacrker-Criterion 

Variable 
X-Capacity preparedness an response

hospitals 

Y-Effectiveness of  cbrne

threat 

X-capacity preparedness an response

hospitals
0.838 

Y-effectiveness of  cbrne threat -0.622 0.856 

Data Source: Developed by the authors 

Table 6 indicates that discriminant validity based on 

the Fornell-Larcker criterion has been adequately 

established. The square root values of the Average 

Variance Extracted (AVE) for each construct (0.838 for 

Variable X and 0.856 for Variable Y) are higher than 

the inter-construct correlation (–0.622). This confirms 

that each construct explains its own indicators more 

strongly than it explains other constructs, thereby 

demonstrating that Variable X and Variable Y are 

conceptually and empirically distinct within the 

research model[66]. 

Accordingly, the measurement model exhibits 

strong conceptual and empirical precision, enabling the 

relationship between hospital capacity and the 

effectiveness of CBRNE threat management to be 

examined without bias arising from construct 

overlap[67]. 

3.2.2. Inner Model 

Table 7. Hypothesis Testing Results 

Variable 
Original 

sample (O) 

Sample 

mean (M) 

Standard 

deviation 

(STDEV) 

T -Statistics 

(|O/STDEV|) 

P 

values 

X-capacity preparedness an

response hospitals -> Y-

effectiveness of  cbrne threat

-0.622 -0.631 0.066 9.442 0.000 

Data Source: Developed by the authors 

Table 7 presents the hypothesis testing results, 

confirming that hospital capacity, preparedness, and 

response capability have a significant effect on the 

effectiveness of CBRNE threat management in 

Indonesia. The path coefficient of –0.622, with a T-

statistic of 9.442 and a p-value of 0.000 (< 0.05), 
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indicates that the relationship is statistically significant; 

therefore, the research hypothesis is accepted[68]. 

The negative direction of the relationship 

signifies that empirically low levels of hospital 

capacity, preparedness, and response capability are 

directly associated with lower effectiveness in 

managing CBRNE threats in Indonesia. This finding 

points to structural and operational weaknesses within 

the health and defense systems, particularly in relation 

to the limited availability of CBRNE-specific 

infrastructure, insufficient human resource competence, 

inadequate technological support, and the absence of 

institutionalized cross-sector coordination mechanisms. 

From an analytical perspective, when hospitals are not 

systemically prepared, responses to CBRNE incidents 

tend to be delayed, fragmented, and poorly 

coordinated, thereby increasing the risks of exposure, 

casualties, and disruptions to the continuity of 

healthcare services. Accordingly, the negative 

relationship reflects the urgent need to strengthen 

hospital capacity as a fundamental prerequisite for 

improving national CBRNE management 

effectiveness[69]. 

These findings underscore that improvements in 

the effectiveness of CBRNE management are highly 

dependent on the systematic and integrated 

strengthening of hospital capacity. This includes the 

development of dedicated CBRNE infrastructure, 

enhancement of human resource competencies, 

utilization of CBRNE detection and response 

technologies, and reinforcement of governance 

arrangements and cross-sector interoperability, 

enabling hospitals to respond to CBRNE threats in a 

rapid, coordinated, and sustainable manner[70]. 

The policy implications of this study indicate 

that strengthening hospital capacity, preparedness, and 

response capability must be positioned as a strategic 

priority within national CBRNE policy frameworks, as 

deficiencies in these areas have been shown to directly 

undermine response effectiveness. From a policy 

standpoint, the findings call for targeted investment in 

CBRNE-specific infrastructure, the development of a 

trained and specialized workforce, the adoption of 

detection and response technologies, and the 

establishment of institutionalized coordination and 

interoperability mechanisms across sectors. Without 

such systemic strengthening, CBRNE responses are 

likely to remain slow and fragmented, thereby 

exacerbating public health risks, disrupting healthcare 

services, and generating broader national security 

implications[71]. 

Table 8.  R-square 

Variable R-Square R-Square adjusted

Y-effectiveness of  cbrne threat 0.387 0.381

Data Source: Developed by the authors 

Table 8 indicates that the R-square value is 0.387 and 

the adjusted R-square is 0.381, meaning that 38.7% of 

the variance in the effectiveness of CBRNE threat 

management can be explained by hospital capacity, 

preparedness, and response capability within the 

proposed research model. This value reflects a 

moderate explanatory power, empirically confirming 

that hospital capacity plays a significant role, while 

also indicating the presence of other influential factors 

beyond the model, such as national governance 

structures, cross-sectoral policies, and institutional 

interoperability, which also affect the effectiveness of 

CBRNE threat management in Indonesia[72]. 

Accordingly, improving the effectiveness of CBRNE 

threat management requires not only the strengthening 

of hospital capacity but also the integration of external 

determinants, including national governance, cross-

sector policy alignment, and institutional 

interoperability. Such integration is essential to ensure 

that CBRNE responses are implemented in a more 

comprehensive, coordinated, and effective manner[73]. 

Table 9. F-square 

Variable 
Y-Capacity preparedness an response

hospitals 

Y-Effectiveness of  CBRNE

threat 

X-Capacity preparedness an response

hospitals
0.632 

Y-Effectiveness of  cbrne threat

Data Source: Developed by the authors 

Table 9 shows an F-square value of 0.632, indicating 

that Variable X (Capacity, Preparedness, and Response 

Capability of Hospitals) exerts a strong influence (large 

effect size) on Variable Y (Effectiveness of CBRNE 

Threat Management). This value confirms that the 

contribution of hospital capacity to the effectiveness of 

CBRNE threat management is both substantively 

meaningful and practically significant. Accordingly, 

strengthening hospital capacity, preparedness, and 

response capability constitutes a key determinant in 

improving the overall effectiveness of CBRNE 
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management in Indonesia[74]. The strengthening of 

hospital capacity, preparedness, and response 

capability should therefore be prioritized as a central 

policy strategy, given that this factor has been 

empirically demonstrated to exert a substantial and 

decisive practical impact on the effectiveness of 

CBRNE threat management in Indonesia[75]. 

3.2.3.Model FIT 

Table10. Model Fit 

Model Saturated model Estimated model 

SRMR 0.116 0.116 

Data Source: Developed by the authors 

Table 10 presents the results of the model fit 

assessment using the Standardized Root Mean Square 

Residual (SRMR) indicator. The SRMR value of 0.116 

for both the saturated model and the estimated model 

indicates that the model demonstrates an acceptable 

level of fit for exploratory research, although it does 

not yet reach the category of a very good fit. This 

finding suggests that the structural relationships among 

variables are able to represent the empirical data in a 

reasonably adequate manner, while also indicating the 

presence of room for further model refinement through 

the inclusion of additional relevant variables to 

enhance overall model fit[76]. 

Accordingly, the research model is appropriate 

for use as an initial analytical framework. However, 

further model development by incorporating other 

strategic variables such as cross-sectoral governance 

and institutional interoperability is necessary to 

improve the precision and explanatory strength of 

future CBRNE studies[77]. 

Table 11. MV Prediction  Summary-Overview 

Variable Q²predict PLS-SEM_RMSE PLS-SEM_MAE LM_RMSE LM_MAE 

Y1 0.228 0.424 0.347 0.423 0.338 

Y2 0.298 0.412 0.339 0.377 0.286 

Data Source: Developed by the authors 

Table 9 presents the results of the evaluation of the 

model’s predictive capability (MV Prediction 

Summary). The positive Q²predict values for indicators 

Y1 (0.228) and Y2 (0.298) confirm that the model 

demonstrates adequate predictive relevance with 

respect to the effectiveness of CBRNE threat 

management. Furthermore, the comparison of Root 

Mean Square Error (RMSE) and Mean Absolute Error 

(MAE) between the PLS-SEM model and the Linear 

Model (LM) indicates that the prediction errors 

generated by PLS-SEM are relatively comparable and, 

for several indicators, superior to those of the linear 

model. These findings suggest that the proposed model 

possesses sufficient predictive accuracy, thereby 

affirming the relevance of hospital capacity, 

preparedness, and response capability constructs in 

predicting the effectiveness of CBRNE threat 

management in Indonesia[78]. 

Overall, the model is not only robust in its 

explanatory power but also demonstrates satisfactory 

predictive capability. Consequently, hospital capacity, 

preparedness, and response capability may be regarded 

as reliable determinants for forecasting and designing 

policy interventions aimed at enhancing the 

effectiveness of CBRNE threat management in 

Indonesia[79]. 

Table 12. CPAT-PLS SEM vs. Indicator Average (A1) 

Y-Variable PLS loss IA loss Average loss difference t value p value 

Y-effectiveness of  CBRNE threat 0.175 0.237 -0.063 3.450 0.001 

overall 0.175 0.237 -0.063 3.450 0.001 

Data Source: Developed by the authors 

Table 12 presents the results of the Comparative 

Predictive Ability Test (CPAT), which compares the 

predictive performance of the PLS-SEM model with 

the Indicator Average (IA) approach in explaining the 

effectiveness of CBRNE threat management. The 

lower PLS loss value (0.175) compared to the IA loss 

(0.237), with a mean loss difference of –0.063, 

demonstrates the superior predictive performance of 

the PLS-SEM model. The statistical test results, 

indicated by a t-value of 3.450 and a p-value of 0.001 

(< 0.05), confirm that this difference is statistically 

significant. These findings indicate that the developed 

PLS-SEM model predicts the effectiveness of CBRNE 

threat management more accurately than the indicator-

average approach, thereby strengthening the model’s 
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validity and practical utility in explaining the 

relationship between hospital capacity and the 

effectiveness of CBRNE management in Indonesia[80]. 

Accordingly, the proposed PLS-SEM model 

demonstrates significant predictive superiority and is 

suitable for use as a robust analytical framework to 

support evidence-based policy formulation aimed at 

improving the effectiveness of CBRNE threat 

management in Indonesia[81]. 

4. Discussion
4.1  Interpretation of Qualitative Findings

The qualitative findings of this study reveal that

hospital responses to CBRNE threats in Indonesia are

shaped by a complex interaction of institutional

capacity, governance arrangements, technological

readiness, human resource competence, and civil-

military interoperability. Data derived from in-depth

interviews, focus group discussions, field observations,

and NVivo-based thematic analysis consistently

indicate that existing CBRNE response mechanisms

remain predominantly reactive rather than preventive.

Hospitals tend to prioritize response actions once an

incident occurs, while preparedness and governance

dimensions receive comparatively limited institutional

attention. This pattern reflects a systemic weakness at

the pre-crisis stage, where strategic planning, risk

anticipation, and institutional readiness should form the

foundation of effective CBRNE management.

A critical qualitative insight concerns the disparity

between formal policy designation and actual

operational readiness. While several civilian hospitals

have been officially appointed as CBRNE referral

hospitals, this designation has not been fully translated

into comprehensive readiness in terms of trained

personnel, advanced detection technologies, and

integrated command systems. NVivo coding results

demonstrate that themes related to response capability

and interoperability dominate stakeholder narratives,

whereas preparedness, governance, and long-term

capacity development appear less emphasized. This

imbalance suggests that institutional readiness is often

interpreted narrowly as the ability to respond during

emergencies, rather than as a continuous process

encompassing mitigation, preparedness, response, and

recovery.

Qualitative evidence also highlights significant 

limitations within defense-affiliated hospitals. Despite 

the existence of specialized military CBRNE units 

within the Indonesian National Armed Forces (TNI) 

and prior operational experience during large-scale 

health emergencies such as the COVID-19 pandemic, 

defense hospitals have not been formally designated or 

institutionally prepared as CBRNE referral centers. 

This situation creates ambiguity in roles and 

responsibilities during CBRNE incidents and 

undermines the potential contribution of military 

medical infrastructure to national response efforts. The 

absence of permanent cooperation agreements between 

civilian and military health institutions emerges as a 

central governance gap, reinforcing fragmented and ad 

hoc coordination patterns. 

Furthermore, the qualitative findings underscore the 

importance of human resources and technology as 

critical enabling factors of preparedness and response. 

Interviews reveal that shortages of trained CBRNE 

personnel, limited access to specialized detection and 

diagnostic equipment, and inadequate simulation-based 

training significantly constrain hospital readiness. 

NVivo word frequency and thematic relationship 

analyses demonstrate strong linkages between capacity, 

preparedness, and response effectiveness, indicating 

that deficiencies in any single component can have 

cascading effects across the entire response system. 

From an interpretative standpoint, these findings affirm 

that hospital preparedness for CBRNE threats must be 

understood as a systemic construct rather than a 

collection of isolated technical capabilities. 

Overall, the qualitative interpretation indicates that 

CBRNE threats in Indonesia are perceived by 

stakeholders as real, recurrent, and geographically 

dispersed, requiring an integrated and sustained 

response framework. The dominance of reactive 

orientations, combined with fragmented governance 

and the lack of institutionalized civil-military 

collaboration, limits the effectiveness and sustainability 

of current response mechanisms. Consequently, 

strengthening CBRNE preparedness demands a 

paradigm shift from crisis-driven response toward 

proactive, integrated, and governance-based 

preparedness models that institutionalize cooperation, 

enhance capacity development, and align civilian and 

military health systems within a unified national 

framework. 

4.2 Interpretation of Quantitative Findings 

The quantitative findings of this study provide strong 

empirical evidence regarding the relationship between 

hospital capacity, preparedness, and response 

capability and the effectiveness of Chemical, 

Biological, Radiological, Nuclear, and Explosive 

(CBRNE) threat management in Indonesia. The 

Structural Equation Modeling–Partial Least Squares 

(SEM-PLS 4) analysis demonstrates that hospital 

capacity, preparedness, and response capability have a 

statistically significant effect on the effectiveness of 

CBRNE threat management, as indicated by a path 

coefficient of –0.622, a T-statistic of 9.442, and a p-

value of 0.000. These results confirm that the tested 

relationship is statistically robust and not attributable to 

random variation. 
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The negative direction of the relationship should be 

interpreted substantively as a reflection of current 

empirical conditions. The negative coefficient indicates 

that lower levels of hospital capacity, preparedness, 

and response capability are directly associated with 

reduced effectiveness in managing CBRNE threats. In 

practical terms, limitations in infrastructure readiness, 

human resource competence, technological support, 

and operational preparedness through training and 

simulation significantly weaken hospitals’ ability to 

respond effectively to CBRNE incidents. This finding 

underscores that insufficient institutional preparedness 

translates directly into diminished national response 

performance when facing high-risk and complex 

threats. 

The assessment of the measurement model (outer 

model) shows that all indicators of hospital capacity, 

preparedness, and response capability—including 

infrastructure readiness, human resource competence, 

technological capability and standard operating 

procedures, and preparedness through training and 

simulation—exhibit strong outer loading values 

exceeding the recommended threshold. This confirms 

that the indicators reliably and consistently represent 

the underlying latent construct. Similarly, the indicators 

measuring the effectiveness of CBRNE threat 

management, such as response timeliness, coordination 

and interoperability, casualty and exposure control, 

service continuity, and compliance with safety and 

regulatory standards, demonstrate satisfactory validity 

and reliability. 

In terms of explanatory power, the R-square value of 

0.387 indicates that approximately 38.7% of the 

variance in the effectiveness of CBRNE threat 

management can be explained by hospital capacity, 

preparedness, and response capability. This represents 

a moderate level of explanatory strength, suggesting 

that while hospital capacity is a critical determinant, 

other factors beyond the hospital domain also influence 

CBRNE management effectiveness. These factors may 

include national governance arrangements, cross-

sectoral policy coordination, crisis leadership, and the 

degree of institutional interoperability between civilian 

and military actors. 

Furthermore, the effect size (F-square) value of 0.632 

indicates a strong practical influence of hospital 

capacity, preparedness, and response capability on the 

effectiveness of CBRNE threat management. This 

finding highlights that strengthening hospital capacity 

is not merely supportive in nature but constitutes a key 

determinant with substantial practical implications for 

improving response outcomes. Investments in 

infrastructure, human resource development, advanced 

detection and protection technologies, and systematic 

training and simulation therefore have a direct and 

meaningful impact on enhancing national CBRNE 

response effectiveness. 

Overall, the interpretation of the quantitative 

findings confirms that the effectiveness of CBRNE 

threat management in Indonesia is highly dependent on 

the level of institutional preparedness of hospitals as 

frontline actors within the health system. The 

significant negative relationship observed reflects the 

empirical reality that structural and operational 

limitations systematically undermine response 

effectiveness. Consequently, strengthening hospital 

capacity, preparedness, and response capability must be 

positioned as a strategic priority within national 

CBRNE policy frameworks, not only to improve 

emergency response performance but also to build a 

more resilient, adaptive, and sustainable health system 

capable of addressing complex and high-risk threats in 

the future. 

4.3 Integration of Results and Policy Implications 

Qualitative findings derived from in-depth interviews, 

focus group discussions, and field observations indicate 

that responses to CBRNE threats are understood as a 

complex system characterized by strong 

interdependencies among multiple key elements. Civil–

military interoperability emerged as a critical 

prerequisite linking operational response capability 

with the availability of human resources and 

technological support. Limitations in any single 

component such as the shortage of trained personnel or 

the absence of specialized CBRNE technologies were 

found to directly undermine response effectiveness, 

even when policy frameworks were formally in place. 

Furthermore, the lack of integrated governance 

structures reinforces fragmented and reactive response 

patterns. Interpretatively, these findings suggest that 

strengthening CBRNE response cannot be pursued 

through sectoral approaches, but rather requires a 

holistic strategy that integrates institutional, 

operational, and policy dimensions to ensure effective 

and sustainable system performance[82]. 

Qualitative findings from secondary data based 

on the literature review further emphasize that the 

absence of permanent cooperation agreements 

constitutes a fundamental barrier to CBRNE 

mitigation, response, and management. This condition 

results in cross-sector collaboration being largely ad 

hoc, non-institutionalized, and highly dependent on 

crisis situations. Substantively, these findings 

demonstrate that without permanent and operational 

cooperation frameworks, inter-agency coordination 

remains weak, roles and authorities become 

ambiguous, and CBRNE responses risk being 

ineffective and unsustainable[83]. 
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Qualitative analysis of secondary data from 

online mass media sources reveals that CBRNE threats 

in Indonesia are real, recurrent, and cross-sectoral, 

occurring over extended periods and dispersed across 

diverse geographical areas. The predominance of 

chemical, biological, radiological, and explosive 

incidents indicates that CBRNE threats are not 

incidental phenomena, but rather structural risks that 

continuously affect public health, the environment, and 

national security. Substantively, these findings 

underscore the urgency of strengthening an integrated 

national preparedness and response system, as 

recurrent and geographically dispersed threat patterns 

demand response capacities that are not merely 

reactive, but also sustainable and adaptive[84]. 

Quantitative findings reinforce and confirm the 

qualitative evidence by demonstrating that hospital 

capacity, preparedness, and response capability exert a 

strong and significant influence on the effectiveness of 

CBRNE threat management in Indonesia, as reflected 

by a path coefficient of –0.622, a T-statistic of 9.442, a 

p-value of 0.000, and an F-square value of 0.632.

Interpretatively, the negative direction of this

relationship reflects the current empirical reality in

which limitations in hospital capacity across human

resources, technology, and governance are directly

associated with lower effectiveness of CBRNE

response. These results are consistent with the

qualitative findings, which emphasize that CBRNE

response constitutes a complex system reliant on civil-

military interoperability, technological support, and

integrated governance frameworks, and is further

weakened by the absence of permanent cooperation

agreements and predominantly reactive collaboration

patterns[85].

Taken together, the convergence of qualitative 

and quantitative evidence consistently demonstrates 

that strengthening CBRNE response requires a holistic 

and systemic approach rather than a sectoral one, in 

order to effectively address CBRNE threats that are 

real, recurrent, and geographically dispersed across 

Indonesia[86]. 

This study ultimately demonstrates that 

strengthening CBRNE response in Indonesia must be 

regarded as a cross-sectoral strategic agenda that 

demands comprehensive governance reform, rather 

than merely partial improvements in hospital technical 

capacity. The consistency between qualitative and 

quantitative findings confirms that without 

institutionalized civil-military interoperability, 

adequately trained human resources, specialized 

CBRNE technologies, and clearly defined permanent 

cooperation frameworks, response effectiveness will 

remain limited and reactive. Therefore, the key 

practical implication is the necessity of a policy 

paradigm shift from ad hoc emergency response toward 

the development of a holistic, adaptive, and sustainable 

national CBRNE preparedness system, in order to 

ensure more effective protection of public health, the 

environment, and national security[87]. 

5. Conclusions
The capacity, preparedness, and response

capability of civilian hospitals and hospitals within the 

Ministry of Defense in addressing CBRNE threats 

remain insufficiently integrated. Both qualitative and 

quantitative analyses consistently confirm the existence 

of divergent legal mandates, limited infrastructure 

readiness, gaps in human resource competencies, 

inadequate availability of CBRNE-specific 

technologies, and weak effectiveness of civil–military 

collaboration. Furthermore, this study demonstrates 

that regulatory fragmentation and the absence of 

permanent cooperation mechanisms have a tangible 

impact on the low effectiveness of CBRNE mitigation, 

response, and recovery. 

The findings provide a robust empirical 

foundation, supported by convergent qualitative and 

quantitative evidence identifying key determinants of 

CBRNE response effectiveness, including institutional 

hospital capacity, human resource readiness, 

technological support, and civil-military collaboration 

mechanisms. This empirical evidence indicates that 

weaknesses in CBRNE response are not merely 

technical in nature, but are rooted in fragmented 

governance and the absence of permanent cooperation 

frameworks that impede cross-sectoral integration. 

Accordingly, the study advocates the development of 

more integrated, adaptive, and sustainable governance 

arrangements to strengthen national CBRNE response 

resilience. 

This research provides a multidisciplinary 

contribution to the field of applied natural sciences by 

examining hospital preparedness and response to 

CBRNE threats as biological, chemical, physical, and 

environmental phenomena with direct implications for 

human life. Contributions to biological and 

environmental sciences are reflected in the analysis of 

biological risks and environmental impacts on public 

health system resilience. Within the domains of 

chemical and material sciences, the study emphasizes 

the importance of detection, decontamination, and 

medical protection technologies in responding to 

chemical and radiological exposures, which must be 

supported by systematic training and capacity building 

for hospital medical personnel with expertise in nuclear 

medicine. Meanwhile, contributions to the physical 

sciences are realized through the assessment of 

radiological, nuclear, and explosive risks to healthcare 

facilities and critical infrastructure. Empirically, this 

study bridges natural sciences with their practical 

application in CBRNE risk management, thereby 
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supporting the strengthening of resilient public health 

systems, environmental protection, and the 

enhancement of Indonesia’s national security and 

resilience in a sustainable manner. 

This study is limited by its focus on only two 

hospitals located in the Jakarta region and a relatively 

restricted number of respondents, which may limit the 

generalizability of the findings to the broader national 

context of CBRNE preparedness and response in 

Indonesia. 

Future studies are recommended to expand the 

geographical scope and sample of hospitals, 

incorporate more detailed national governance and 

cross-sector interoperability variables, and employ 

longitudinal or comparative designs to better capture 

the dynamics of CBRNE preparedness and response 

over time. 
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