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Abstract 
 
This study aimed to identify the primary barriers that undermine the resilience of hospitals operating in 
war and conflict environments and to prioritize these barriers according to their importance. Hospital 
resilience has become an important research area in recent years due to the increasing attacks and system 
vulnerabilities in terms of ensuring the continuity of healthcare services under crisis conditions. In the 
study, the Fuzzy Analytical Hierarchy Process (AHP) method, which is a multi-criteria decision-making 
method that can provide reliable prioritization under uncertainty conditions, was used to address the 
limited number of research gaps in the literature on the subject. The data obtained from eight experts 
selected through purposive sampling method were analyzed by following the Fuzzy AHP steps. The 
findings reveal nine key barriers. The highest priority barrier was identified as “Interruptions in the 
supply of medicines, medical supplies and oxygen” (0.2300), followed by “Healthcare worker loss and 
retention” (0.1348) and “Weak governance/coordination and financing fragility” (0.1287). The conclu-
sions show that for the sustainability of health services in war and conflict environments, the supply 
chain must be secured, health workers must be protected and retained, and governance and financial 
sustainability must be strengthened. The study contributes to the literature by providing an evidence-
based prioritization framework for policy makers and managers to increase hospital resilience under crisis 
conditions. 
 
Keywords: Hospital resilience, War and conflict environments, Supply chain disruption, Healthcare 
workers, Fuzzy AHP 
 
Öz 
 
Bu çalışma savaş ve çatışma ortamlarında faaliyet gösteren hastanelerin dayanıklılığını zayıflatan temel 
engelleri belirlemek ve bu engelleri önem derecelerine göre önceliklendirmek amacıyla gerçekleştirilmiş-
tir. Hastane dayanıklılığı, kriz koşullarında sağlık hizmetlerinin sürekliliğini sağlaması bakımından son 
yıllarda artan saldırılar ve sistem kırılganlıkları nedeniyle önemli bir araştırma alanı haline gelmiştir. 
Çalışmada, konuya ilişkin literatürde bulunan sınırlı sayıdaki çalışma boşluğunu gidermek üzere, belir-
sizlik koşullarında güvenilir önceliklendirme yapabilen çok kriterli karar verme yöntemlerinden Bulanık 
Analitik Hiyerarşi Prosesi (AHP) yöntemi kullanılmıştır. Amaçlı örnekleme yöntemiyle seçilen sekiz 
uzmandan elde edilen veriler Bulanık AHP adımları izlenerek analiz edilmiştir. Bulgular dokuz temel 
engeli ortaya koymaktadır. En yüksek önceliğe sahip engel “İlaç, tıbbi sarf ve oksijen tedarikinde kesinti-
ler” (0,2300) olarak belirlenmiş, bunu “Sağlık çalışanı kaybı ve elde tutamama” (0,1348) ve “Yöneti-
şim/koordinasyon zayıflığı ve finansman kırılganlığı” (0,1287) izlemiştir. Sonuçlar, savaş ve çatışma 
ortamlarında sağlık hizmetlerinin sürdürülebilirliği için öncelikle tedarik zincirinin güvence altına alın-
ması, sağlık çalışanlarının korunması ve elde tutulması ile yönetişim ve finansal sürdürülebilirliğin güç-
lendirilmesi gerektiğini göstermektedir. Çalışma, kriz koşullarında hastane dayanıklılığını artırmaya yö-
nelik politika yapıcılar ve yöneticiler için kanıta dayalı bir önceliklendirme çerçevesi sunarak literatüre 
katkı sağlamaktadır. 
 
Anahtar Kelimeler: Hastane dayanıklılığı, Savaş ve çatışma ortamları, Tedarik zinciri kesintisi, 
Sağlık çalışanları, Bulanık AHP 
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Introduction  
 
The multilayered impacts of crises necessitate re-
thinking the resilience of health systems and posi-
tioning them at the center of societal existence. War 
and conflict profoundly impact the functioning of 
health systems, threatening the continuity, accessi-
bility, and security of healthcare services. In recent 
years, war and conflict worldwide have led to a 
significant increase in attacks on healthcare facili-
ties and healthcare workers. These attacks not only 
damage physical infrastructure but also directly 
disrupt healthcare delivery (WHO, 2024). 

In 2024, the number of reported incidents of vi-
olence against or obstruction of healthcare services 
during war and conflict reached an all-time high. 
In 2024, 3.623 incidents targeting healthcare ser-
vices were identified, representing a 15% increase 
compared to 2023 and a 62% increase compared to 
2022 (SHCC, 2025). These incidents result in the 
deaths of hundreds of healthcare workers and the 
interruption of treatment for thousands of patients. 
Conflicts in the Middle East and Africa, in particu-
lar, have caused significant losses (WHO, 2024). In-
tense and persistent violence against healthcare 
services in Lebanon, Myanmar, Palestine, Sudan, 
and Ukraine not only increases the demand on 
healthcare systems in these regions but also nega-
tively impacts healthcare facilities. This not only 
leads to physical destruction but also negatively 
impacts patient safety, staff morale and continuity 
of care (SHCC, 2025). Accordingly, the resilience of 
hospitals, which constitute the largest and most 
important share among healthcare facilities, in cri-
sis situations, or in other words, their capacity to 
survive, emerges as a crucial issue. 

Hospital resilience is defined as the capacity of 
hospitals to continue providing services under ex-
traordinary circumstances such as crises, disasters, 
wars, or conflicts (Khalil et al., 2022). In other 
words, it is the ability of hospitals to emerge 
stronger from challenging circumstances by main-
taining the positive nature of their operations 
(Wulff et al., 2015).   It refers to the ability to antic-
ipate potential threats, overcome undesirable 
events, and facilitate organizational change to 
maintain healthcare services (Luke et al., 2023). Re-
silience does not only mean the preservation of 

physical infrastructure; it also encompasses hu-
man resources, managerial skills, supply chain 
management, and the continuity of social trust 
(Aburn et al., 2016). Barasa et al. (2018) consider the 
resilience of health systems through three capaci-
ties: absorption (tolerating current shocks), adap-
tation (adjusting to changing conditions) and 
transformation (structural and administrative re-
newal). Transformational capacity, in particular, is 
considered a critical dimension for sustainable 
healthcare services in crisis situations such as wars 
and conflicts (Mohtady Ali et al., 2023; Khalili et al., 
2023). 

Studies on this topic reveal various obstacles af-
fecting hospital resilience. Khalil et al. (2022) em-
phasize that there is no standard approach to con-
ceptualizing and measuring hospital resilience, 
and therefore, different obstacles may emerge in 
different contexts. Jolgehnejad et al. (2021) state 
that the main factors affecting hospital resilience 
are governance weaknesses, resource inadequa-
cies, and workforce loss. Similarly, Loosemore & 
Chand (2016) emphasize that the most significant 
obstacles limiting the resilience of Australian hos-
pitals to extreme weather events are infrastructure 
deficiencies, financial vulnerabilities, and strategic 
planning inadequacies. Experiences during the 
COVID-19 pandemic reveal that the fundamental 
problem of hospital management is a "lack of resil-
ience," stemming particularly from supply chain 
disruptions and leadership weaknesses (Ghah-
ramani et al., 2025). Jafari et al. (2023) state that 
high workloads, inadequate support mechanisms, 
and security concerns are factors that weaken the 
resilience of healthcare personnel during the pan-
demic. The fragility of physical infrastructure and 
administrative inadequacies are obstacles hospi-
tals face in the context of the climate crisis (Pascale 
& Jones, 2025).  

Research lists the most common obstacles en-
countered in conflict environments as loss of hu-
man resources, logistics and medicine shortages, 
infrastructure damage and financial constraints 
(Alameddine et al., 2019; Loosemore & Chand, 
2016; Ghahramani et al., 2025; Jafari et al., 2023; 
Blanchet et al. 2022). In this context, resilience is 
understood to be not only a technical capacity but 
also a social and managerial process. Husted & 
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Dalton (2025) state that the most significant factors 
weakening the “resilience” of healthcare personnel 
in high-risk environments are psychosocial pres-
sures and security concerns. In particular, the mi-
gration of healthcare workers and their abandon-
ment of their duties due to security concerns di-
rectly limits service delivery capacity (Devkota et 
al., 2023).  This situation increases the vulnerability 
of both the healthcare system and society to crises. 
These obstacles are of critical importance not only 
in times of peace but also in war and conflict envi-
ronments and need to be addressed holistically. 

The literature on measuring the resilience of 
hospital and healthcare systems employs different 
methodological approaches. Khalil et al. (2022) re-
veal that the indicators used to measure resilience 
are heterogeneous and lack standardization in this 
area. A bibliometric analysis by Cavalieri et al. 
(2025) indicates that research focuses on four main 
knowledge clusters: disaster response, information 
management systems applications, institutional 
capacity development and evaluation methods. 
Similarly, Ignatowicz et al. (2023) emphasize that 
frameworks used to measure resilience are often 
developed context-independently, thus highlight-
ing the need for scales specific to war and conflict 
conditions. 

In recent years, studies using multi-criteria de-
cision-making techniques to prioritize factors that 
strengthen or hinder hospital resilience have be-
come increasingly common (Haghighat & 
Mousavi, 2024; Fallah-Aliabadi, 2022). Ortíz-Bar-
rios et al. (2023) developed a hybrid model com-
bining IF-AHP, IF-DEMATEL, and VIKOR meth-
ods to assess hospital disaster preparedness, 
demonstrating the relationships and importance 
levels among criteria in a holistic manner. Simi-
larly, Singh & Prasher (2019) emphasize that prior-
itizing barriers in healthcare systems using Fuzzy 
Analytic Hierarchy Process (Fuzzy AHP) provides 
more applicable results for policymakers. The 
Fuzzy AHP, stands out for its ability to more relia-
bly model decision-makers' judgments in an envi-
ronment of uncertainty (Gedikli, 2025). This ap-
proach allows for the systematic prioritization of 
barriers that limit hospital resilience by determin-
ing the relative importance of different criteria (Liu 
et al., 2020; Singh & Prasher, 2019). 

While the literature on hospital resilience is rap-
idly expanding, most studies appear to focus on 
conceptual frameworks or general disaster prepar-
edness. A significant gap remains in measuring re-
silience and prioritizing debilitating barriers in 
war and conflict settings. In this regard, the aim of 
this study is to identify the primary barriers that 
undermine the resilience of hospitals operating in 
war and conflict environments and to prioritize 
these barriers according to their importance. This 
study systematically addresses this gap using the 
Fuzzy AHP method and ranks the obstacles that 
weaken hospital resilience according to their im-
portance. Unlike previous descriptive research, the 
study offers an evidence-based prioritization 
framework that integrates operational and mana-
gerial dimensions. In this respect, the study pro-
vides decision-making support for policymakers 
and practitioners on strengthening hospital resili-
ence in war and conflict environments. 
 
Method 
 
This study employed a quantitative research de-
sign to identify, based on a literature review, the 
barriers that undermine the resilience of hospitals 
operating in war and conflict environments and to 
prioritize them according to their importance. 
Fuzzy AHP, a multi-criteria decision-making 
method, was used in the study. This method al-
lows for more reliable results by expressing uncer-
tainty and subjective expert judgments using trian-
gular fuzzy numbers (Saaty, 2008; Chang, 1996; Liu 
et al., 2020). 

The primary research question of the study is: 
“What are the most critical barriers that undermine 
hospital resilience in war and conflict environ-
ments, and what is their priority under conditions 
of uncertainty?” 
 
Determination of Criteria 
 
Based on the conceptual framework and literature 
presented above, the criteria used in this study 
(barriers affecting hospital resilience) were system-
atically derived from existing empirical and con-
ceptual research. 
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The literature reveals that barriers affecting hos-
pital resilience arise at both physical and adminis-
trative levels. Frequently cited barriers include 
governance weaknesses, resource inadequacies, 
healthcare worker losses, and lack of coordination.  

 

 
Furthermore, studies on the COVID-19 pan-

demic and armed conflicts indicate that supply 
chain disruptions are a vital factor threatening ser-
vice continuity. Recent studies on the subject high-
light the lack of standardized assessment frame-
works for measuring hospital resilience. The nine 
criteria identified for this purpose are described in 
Table 1. 

The existing literature is quite limited in its sys-
tematic prioritization of these barriers under con-
ditions of uncertainty. This study addresses this 
gap using the Fuzzy AHP method to prioritize bar-
riers that impact hospital resilience in war and con-
flict environments. This study will make both a 
methodological and practical contribution, provid-
ing scientific evidence to strengthen decision-mak-
ing processes under crisis conditions. 
 

Research Population and Sample 
 
The research population consists of academics and 
professional hospital administrators specializing 
in healthcare delivery in war and conflict environ-
ments.  

 
The sample consisted of a total of eight experts: six 
academics and two professional hospital adminis-
trators, using a purposive sampling method.  

This sample size corresponds to the ideal num-
ber of experts recommended in the literature for 
AHP applications on specific topics: 5-10 (Camp-
bell et al., 2020; Saaty, 2004; Özdağoğlu & 
Özdağoğlu, 2007).  

Table 2 provides detailed information about the 
decision-makers. 
 
Fuzzy AHP 
 
The classical AHP method, developed by Saaty 
(1996), is one of the most widely used multi-criteria 
decision-making methods. This method allows de-
cision makers to express their priorities among 
multiple factors through pairwise comparisons 

Table 1. Obstacles identified for Fuzzy AHP and their explanations 
Obstacle Code Obstacles Explanation Resource 
AOH Attacks and obstructions against 

healthcare facilities/personnel 
Armed attacks, bombings, looting, and threats against 
healthcare workers directly disrupt the continuity of 
service delivery. 

Abbara et al., 2023; SHCC, 2025; 
WHO, 2024; WHO 2025a; WHO, 
2025b; OCHA, 2025 

PFS Power outages and fuel shortages Interruptions in energy infrastructure and fuel short-
ages lead to the shutdown of critical services such as 
intensive care, operating rooms and the pharmaceuti-
cal cold chain. 

Mahdi et al., 2025; WHO, 2025a; 
OCHA, 2025 

MSO Interruptions in the supply of med-
icines, medical supplies, and oxy-
gen 

Disruptions in the flow of medications, supplies, and 
oxygen cause vital treatments to be delayed or not 
performed in patient care. 

Shore et al., 2022; WHO, 2025b; 
OCHA, 2025; Ali, 2020; SHCC, 
2025; WHO 2025a; WHO, 2024 

HRL Healthcare worker loss and reten-
tion 

Migration, loss of healthcare personnel due to secu-
rity concerns and burnout, leads to a shortage of ex-
pertise and a serious decrease in service capacity. 

Onvlee et al., 2023; Witter et al., 
2017; Jafari et al., 2023; Sberro-Co-
hen et al., 2023; Shmul et al., 2024 

WSD Inadequate water, sanitation, hy-
giene (WASH) and medical waste 
management 

Deficiencies in access to clean water, hygiene condi-
tions and waste management increase the risk of in-
hospital infection and public health threats. 

Gnanasekaran et al., 2024; Ge-
breeyessus et al., 2023; Leal Filho et 
al., 2023; Lowe et al., 2021 

GFF Weak governance/coordination 
and financing fragility 

Lack of leadership in crisis management, inadequate 
inter-institutional coordination, and irregular financ-
ing limit the sustainability of health services. 

Alameddine et al., 2019; Ghah-
ramani et al., 2025; Qaddur et al., 
2025; Blanchet et al., 2020; Khalil et 
al., 2022 

OLW Organizational culture and leader-
ship/management capacity weak-
nesses 

Rigid and traditional organizational structures, inad-
equate leadership skills and resistance to change hin-
der rapid and effective responses to crises. 

Haghighat & Mousavi, 2024; Moh-
tady et al., 2023; Husted & Dalton, 
2021; Aburn et al., 2016; Wulff et al., 
2015 

MDS Mass displacement and sudden 
surge in demand 

Increasing population density due to war and migra-
tion waves creates sudden demand pressure that ex-
ceeds the capacity of hospitals, reducing the quality 
of service. 

Alameddine et al., 2019; Truppa et 
al., 2024; Haverkort et al., 2017; 
Sherwani et al., 2025; Orcutt et al., 
2018 

LSM Lack of measurement standards The lack of standardization in resilience indicators 
makes accurate prioritization of vulnerabilities and 
comparison across contexts difficult. 

Cavalieri et al., 2025; Ignatowicz et 
al., 2023; Fallah-Aliabadi et al., 
2022; Luke et al., 2022 
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(Meade and Sarkis, 1999; Haliloğlu & Odabaş, 
2018; Acer & İnci, 2020). These comparisons utilize 
the relative importance scale of 1-9, as proposed by 
Saaty (2008). The relative importance of the criteria 
is obtained from the eigenvectors of the pairwise 
comparison matrix. 
 
Table 2. Characteristics of Decision Makers 

Decision maker Profession Area of  
Expertise 

Professional  
Experience/ 
Year 

Decision maker 1 

Academician 

Emergency Aid and  
Disaster Management 

11 

Decision maker 2 Emergency Aid and  
Disaster Management 

15 

Decision maker 3 Health Management 16 
Decision maker 4 Health Management 22 
Decision maker 5 Health Management 9 
Decision maker 6 Health Management 10 
Decision maker 7 Hospital  

Administrator 
Deputy Chief Physi-
cian * 

18 

Decision maker 8 Hospital Manager ** 15 

*Has served as a physician and administrator in war and conflict zones. 
**He/she is the Hospital Emergency and Disaster Plan Manager. 

 
Because the classical AHP method cannot fully 

reflect uncertain and subjective expert judgments, 
it was extended with fuzzy set theory. This gave 
rise to the Fuzzy AHP (Buckley, 1985; Kumar & 
Kumar, 2008). In this study, the Fuzzy AHP 
method was applied to prioritize obstacles to hos-
pital resilience in war and conflict environments. 
The Fuzzy AHP application was carried out in ac-
cordance with the process shown in Figure 1. 

 

 
Figure 1. Fuzzy AHP Application 

In the first phase, the main barriers to hospital 
resilience were identified based on the literature 
review and conceptual framework. Information 
about the identified barriers is provided in Table 1. 
These barriers constituted the criteria set defined 
in the form C= {C1, C2,…, Cn}. 

An expert questionnaire form, including pair-
wise comparisons, was developed based on estab-
lished criteria, and data was collected from eight 
experts. Data collection took place between August 
and September 2025. Eight experts, who were in-
formed in advance and volunteered to participate, 
participated in the study face-to-face. Participant 
selection criteria included being an academic with 
expertise in healthcare delivery in war and conflict 
environments or a professional hospital adminis-
trator with experience in war and work environ-
ments. Data were collected from experts using a 
structured Fuzzy AHP comparison form. The rela-
tive importance scale proposed by Saaty (2008) 
was used in data collection. Fuzzy AHP question-
naire scores range from 1 to 9, with 9 representing 
Extremely Strong, 7 Very Strong, 5 Strong, 3 Me-
dium Strong, and 1 representing Equal. The Fuzzy 
AHP questionnaire was administered to partici-
pants face-to-face, prompting pairwise compari-
sons. Participants completed the forms in an aver-
age of 20-25 minutes, and the data were compiled 
by the researcher for Microsoft Excel-based analy-
sis.  

Experts are structured to evaluate all criteria 
and attributes in the form of linguistic variables 
(Xiaoqiong et al., 2004). Verbal expressions are 
transformed into triangular fuzzy numbers 
through fuzzy sets, as shown in Table 3. 

 
Table 3. Triangular fuzzy scales 

Linguistic Term Abbreviation Relative  
Importance 

Fuzzy 
Scales 

Inverse Fuzzy 
Scales 

Equal E 1 1,1,1 1/1, 1/1, 1/1 
Medium Strong MS 3 2,3,4 1/4, 1/3, 1/2 
Strong S 5 4,5,6 1/6, 1/5, 1/4 
Very Strong VS 7 6,7,8 1/8, 1/7, 1/6 
Extremely 
Strong 

ES 9 9,9,9 1/9, 1/9, 1/9 

Intermediate  
Values 

IV 2;4;6,8 1,2,3;3,4,
5;5,6,7;7,
8,9 

1/3, 1/2, 1/1; 1/5, 
1/4, 1/3; 1/7, 1/6, 
1/5; 1/9, 1/8, 1/7 

 
Then, a fuzzy comparison matrix of size n x n 

was created for each expert (Chang et al., 2004). 

Identifying barriers to hospital resilience in war and 
conflict environments 

Preparing a structured expert survey form based on 
the identified barriers and collecting expert opinions 

Creating pairwise comparison matrices using a trian-
gular fuzzy scale 

Measuring the consistency ratio (CR) of the matrices 

Calculating relative importance weights from fuzzy 
comparison matrices 

Determining the final weights of the barriers and rank-
ing them in order of priority 

CR ≤ 
0.10 

Yes 

No 
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The fuzzy comparison matrix is given as shown in 
Equation (1). 

 

𝐴" = $
𝑐!!" , 𝑐!!# , 𝑐!!$ ⋯ 𝑐!%" , 𝑐!%# , 𝑐!%$

⋮ ⋱ ⋮
𝑐#!" , 𝑐#!# , 𝑐#!$ ⋯ 𝑐#%" , 𝑐#%# , 𝑐#%$

*                   (1) 

 
The element cmn, which is given 𝑐&'" , 𝑐&'#, 𝑐&'$ , rep-

resents the comparison of the criteria m with crite-
ria n (i= j=1, 2, 3, …., n). Owing to the operational 
laws of fuzzy, the matrix 𝐴" can be denoted as Equa-
tion (2) by cmn with the corresponding reciprocal 
values (Sevkli et al., 2012; Tuzkaya & Önüt, 2008). 

 

𝐴" = $
1,1,1 ⋯ 𝑐!%" , 𝑐!%# , 𝑐!%$
⋮ ⋱ ⋮

!
(!"
# , !

(!"
! , !

(!"
$ ⋯ 1,1,1

*                              (2) 

 
One way to estimate fuzzy priorities is to use 

the logarithmic least squares method. This is the 
most effective and efficient method, as calculated 
in Equation (3) and Equation (4). This makes it pos-
sible to calculate the triangular fuzzy weights for 
the variables' relative importance, their feedback, 
and possible alternatives based on the factors sep-
arately (Ramik & Korviny, 2010). 

 

𝑤)* = 
+∏ (%&

'(
&)" -

"/(

∑ /∏ (+&
!(

&)" 0
"/((

+)&

 , sÎ{l,m,u}                                  (3) 

𝑤- k = 𝑤)"  , 𝑤)# , 𝑤)$      k: 1,2,3, ….., n                              (4) 
 
In the defuzzification phase, the fuzzy weights 

were converted to a single crisp value using the 
weighted centroid method as shown in Equation 
(5) (Büyüközkan & Çifçi, 2012; Opricovic & Tzeng, 
2003). 

 
𝐶& =

"+1#+1$+
2

                                                       (5) 
 
The final importance levels were determined by 

normalizing the obtained absolute weights as 
shown in Equation (6) (Opricovic & Tzeng, 2003). 
 
𝑤& =

3+
∑ 3,(
,)"

                                                       (6) 

Then, the consistency of expert judgments was 
measured on the crisp matrices obtained after de-
fuzzification in accordance with the classical AHP 
method (Equation 7). 
 
𝐶𝐼 = 4max5%

%5!
, 𝐶𝑅 = 36

76
                                             (7) 

 
Here, RI is the random consistency index. When 

CR ≤ 0.10 is met, the matrix is considered con-
sistent; when CR > 0.10, expert evaluations are re-
considered (Saaty, 2013). 

The final weights (wi) obtained in the final stage 
were ranked from largest to smallest to determine 
the relative priority of the obstacles. The criterion 
with the highest weight was considered the pri-
mary obstacle that most weakens hospital resili-
ence in war and conflict environments. 
 
Research Limitations 
 
This study has some limitations. The study was 
limited to a sample size of eight decision-makers. 
The findings cannot be generalized to a larger 
group of experts. The study was conducted on nine 
obstacles, excluding other potential obstacles. Be-
cause the study is based on expert judgment, the 
impact of subjective assessments should not be ig-
nored. 
 
Ethical Aspects of the Research 
 
The study was conducted in accordance with sci-
entific ethical principles and rules. Ethical ap-
proval was received for the study from the XXX 
University Non-Interventional Research Ethics 
Committee with decision number 1019 dated 
14.08.2025. 
 
Findings 
 
This section of the study presents the findings ob-
tained from the Fuzzy AHP analysis for prioritiz-
ing obstacles that undermine hospital resilience in 
war and conflict environments. The study was car-
ried out in accordance with Figure 1, with the pro-
cess of fuzzification, synthesis and defuzzification 
of the data obtained from the opinions of decision 
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makers and the calculation of the final criteria 
weights. 

The identified criteria were evaluated by the de-
cision makers, and comparison matrices were ob-
tained containing their opinions. For example, the 
decision matrix showing the perception of decision 
maker 1 is shown in Table 4. 

 
Table 4. Pairwise comparison matrix of criteria (Decision 
maker 1) 

  AOH PFS MSO HRL WSD GFF OLW MDS LSM 
AOH E VS VS MS VS E MS VS ES 
PFS 

 
E S VS E S VS VS VS 

MSO 
  

E E MS VS VS MS ES 
HRL 

   
E MS S MS ES ES 

WSD 
    

E MS VS S VS 
GFF 

     
E S MS MS 

OLW 
      

E ES S 
MDS 

       
E MS 

LSM                 E 

 
The importance levels of each criterion compar-

ison in the decision matrices were combined with 
the opinions of the other seven decision makers 
and expressed as fuzzy numbers in Table 3. Ac-
cordingly, an integrated fuzzy decision matrix was 
created, containing the consensus opinions of eight 
decision makers. Triangular fuzzy numbers were 
calculated for each criterion comparison in the in-
tegrated fuzzy decision matrix. 

 

 
The largest eigenvalue (λmax) was found to be 

9.454 in the calculations. The consistency index 
(CI) calculated using this value was 0.0568. For n = 
9, the random consistency index (RI) was taken as 
1.45, and accordingly, the consistency ratio (CR) 
was calculated as 0.0392. Since CR < 0.10, the pair-
wise comparison matrix was considered con-
sistent. 

Finally, the fuzzy weights, means, and normal-
ized relative weights of the criteria were calcu-
lated. Table 5 presents the final importance 
weights. 

According to the table, the highest priority cri-
terion among the barriers that weaken hospital re-
silience in war and conflict environments is “Med-
icine, medical supplies, and oxygen supply inter-
ruptions (MSO)”. This criterion has a normalized 
weight of 0.2300, significantly higher than all other 
criteria. “Healthcare worker loss and retention 
(HRL)” comes second, with a normalized weight 
of 0.1348. “Governance/coordination weakness 
and financing fragility (GFF)” comes third (0.1287). 
“Power outages and fuel shortages (PFS)” and “At-
tacks and obstructions against health facilities/per-
sonnel (AOH)” were identified as the fourth 
(0.1257) and fifth (0.1169) priority barriers, respec-
tively. Organizational and environmental factors 
were rated at a relatively lower priority level. “Or-
ganizational culture and leadership/management 
capacity weaknesses (OLW)” ranked sixth 
(0.1011), and “Inadequate water, sanitation, hy-
giene, and medical waste management (WSD)” 
ranked seventh (0.0970). The final two factors were 
“Mass displacement and sudden demand surge 
(MDS)” (0.0658) and “Lack of measurement stand-
ards (LSM)” (0.0234). 

 
The normalized weights obtained using the 

Fuzzy AHP method are presented in Figure 2 us-
ing a Pareto chart. The horizontal bars in the chart 
represent the normalized weights of each barrier, 
and the red line represents the cumulative percent-
age of these weights. 

Table 5. Fuzzy AHP Average and Normalization Weights and Importance Ranking 
Obstacle Code Obstacles Weight (Average) Weight  

(Normalization) 
Order of  
Importance 

MSO Interruptions in the supply of medicines, medical supplies, and oxygen 23,8327 0,2300 1 
HRL Healthcare worker loss and retention 13,9726 0,1348 2 
GFF Weak governance/coordination and financing fragility 13,3327 0,1287 3 
PFS Power outages and fuel shortages 13,0292 0,1257 4 
AOH Attacks and obstructions against healthcare facilities/personnel 12,1154 0,1169 5 
OLW Organizational culture and leadership/management capacity weaknesses 10,4753 0,1011 6 
WSD Inadequate water, sanitation, hygiene (WASH) and medical waste manage-

ment 
10,0544 0,0970 7 

MDS Mass displacement and sudden surge in demand 6,8164 0,0658 8 
LSM Lack of measurement standards 2,4300 0,0234 9 
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Figure 2. Pareto Chart of Obstacles Undermining Hospital Re-
silience 

 
An examination of the graph reveals that the 

criteria “Medicine, medical supplies, and oxygen 
supply interruptions (MSO),” “Healthcare worker 
attrition and retention (HRL),” “Governance/coor-
dination weakness and financing fragility (GFF),” 
and “Power outages and fuel shortages (PFS)” ac-
count for approximately 60% of the total im-
portance. “Attacks and obstructions against health 
facilities/personnel (AOH)” and “Organizational 
culture and leadership/management capacity 
weaknesses (OLW)” rank fifth and sixth, bringing 
the cumulative importance to 82%. The less im-
portant criteria “Water, sanitation, hygiene and 
medical waste management (WSD),” “Mass dis-
placement and sudden surge in demand (MDS),” 
and “Lack of measurement standards (LSM)” ac-
count for the remaining 18% of the total. 
 
Discussion 
 
In this study, the key resilience barriers faced by 
hospitals operating in war and conflict environ-
ments were prioritized using the Fuzzy AHP 
method. The analysis determined that the most im-
portant criterion was “Medicine, medical supplies, 
and oxygen supply interruptions (MSO)”, fol-
lowed by “Healthcare worker loss and retention 
(HRL)” and “Governance/coordination weakness 
and financing fragility (GFF)”. The least important 
criterion was “Lack of measurement standards 
(LSM)”. 

The findings reveal that supply chain disrup-
tions, specifically interruptions in logistics flows, 
are the most significant factor threatening the resil-
ience of hospitals in war and conflict conditions. 

This finding is consistent with the literature and re-
ports from international organizations. It is em-
phasized that supply chain disruptions are the 
most significant factors that weaken healthcare ser-
vices, especially in conflict zones such as Syria, 
Yemen, and Palestine (Ali, 2020; SHCC, 2025). 
WHO (2024) emphasizes that shortages of medi-
cine and medical equipment in conflict zones di-
rectly impede access to essential healthcare ser-
vices. Shore et al. (2022) state that disruptions in 
the supply chain of medicines and supplies under 
wartime conditions are one of the most critical ob-
stacles that increase mortality and morbidity rates, 
demonstrating that disruptions to oxygen and es-
sential medications, in particular, have fatal conse-
quences in emergency and intensive care settings. 
For example, in the Gaza context, OCHA (2025) 
and WHO (2025a) report that critical shortages of 
oxygen and fuel in hospitals have brought services 
to a standstill, forcing hospitals to share supplies 
among themselves, and prompting WHO to con-
duct high-risk missions to procure medicines and 
medical supplies. Similarly, in Ukraine, ensuring 
continued access to life-saving medical supplies, 
especially oxygen, is identified as a top priority. 
Meanwhile, a record increase in attacks on 
healthcare services further disrupts supply/logis-
tics flows, impacting access to medicines and med-
ical supplies (WHO, 2025b). This situation demon-
strates that in war and conflict zones, shortages of 
medicine and equipment directly disrupt both 
emergency and routine healthcare services.  

Healthcare worker attrition (HRL) poses a criti-
cal risk due to the migration or inability of special-
ist physicians and healthcare professionals to per-
form their duties due to security concerns. War 
and conflict environments contribute to the loss of 
healthcare workers through attacks on healthcare 
facilities, increased workload, stress, and de-
creased motivation (Onvlee et al., 2023). Witter et 
al. (2017) similarly demonstrate that push factors 
such as employment conditions, security threats, 
and challenging work environments for healthcare 
workers trigger migration and departure from the 
profession. Abbara et al. (2023) report that 
healthcare workers in Syria are being forced off-
site due to flight, displacement, and migration, di-
rectly impacting access to and quality of healthcare 
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services. WHO (2025a), states that many healthcare 
workers in Gaza have been killed, injured, or 
forced to flee due to the conflict, emphasizing that 
remaining healthcare personnel are struggling to 
cope with the increasing patient load. Sberro-Co-
hen et al. (2023) report that only 77.4% of hospital 
staff attended work during the Gaza conflict; they 
reveal that the reasons for absenteeism were re-
lated to the perception that the workplace was 
more dangerous and to childcare responsibilities. 
Shmul et al. (2024) emphasize that perceptions of 
threat negatively impacted the well-being and 
workplace resilience of healthcare workers during 
the Hamas attack on Israel in 2023, and that this 
impacted emergency room staff in particular. 
These findings clearly demonstrate that human re-
sources are one of the most important resilience 
factors in crisis situations. 

Governance/coordination weakness and financ-
ing fragility (GFF) are particularly associated with 
the equitable distribution of resources, the continu-
ity of health policies, and the failure to ensure in-
ter-institutional coordination. This weakness hin-
ders the effective use of existing resources and am-
plifies the impact of all other obstacles. In South 
Sudan, where conflict is intense, the government's 
limited investment in health leads to continued de-
pendence on international assistance; these obsta-
cles limit coordination and create fragmented ser-
vice delivery (Qaddour et al., 2024). Similarly, 
when humanitarian hospital programs in conflict 
settings are evaluated, it is seen that when local au-
thorities fail to address chronic vulnerabilities, the 
sustainability of health services is threatened 
(Tjoflåt & Hansen, 2018). The public healthcare sec-
tor was caught more unprepared and strained than 
the private healthcare sector in the attacks carried 
out by ISIS in Iraq. This situation demonstrated the 
limited preparedness and resilience of Iraq's na-
tional and local governments (Ibrahim et al., 2021). 
Truppa et al. (2024) state that studies analyzing 
healthcare services in war and conflict environ-
ments most frequently address governance-fo-
cused issues. This highlights the critical role of 
governance structures in determining resilience 
outcomes.  

According to their findings, power outages, fuel 
shortages (PFS), and attacks on healthcare facilities 

and personnel (AOH) stand out as factors that di-
rectly disrupt service continuity and hinder vital 
interventions. Disruptions in the supply chains of 
conflict-affected hospitals exacerbate existing chal-
lenges and place additional burdens on healthcare 
systems (Lowe et al., 2021). Mahdi et al. (2025) em-
phasize that only 12 out of 36 hospitals in Gaza are 
partially operational due to fuel shortages for gen-
erators, electricity shortages, or attacks. Fuel short-
ages, in particular, cause outages in critical hospi-
tal units such as operating rooms and intensive 
care units. WHO (2025a) states that a significant 
portion of health facilities in Gaza were damaged 
by attacks and rendered inoperable due to fuel and 
electricity shortages. This demonstrates that infra-
structure and energy security are among the prior-
ities for resilience. The number of attacks on health 
infrastructure worldwide increased significantly 
in 2024. These attacks disrupt not only physical in-
frastructure but also hospital energy systems and 
the functioning of medical devices (SHCC, 2025). 
Attacks on health facilities negatively impact hos-
pital resilience by directly harming service capac-
ity, security, and patient safety. 

The lower-ranked criteria, namely water, sani-
tation, hygiene, and medical waste management 
(WSD), organizational culture and leadership 
weaknesses (OLW), mass displacement and sud-
den demand surges (MDS), and lack of measure-
ment standards (OSE), have relatively lower 
weights. Problems with WASH infrastructure and 
inadequacies in waste management facilitate the 
spread of epidemics and create long-term risks. 
Global studies reveal that one-quarter of 
healthcare facilities lack basic water services, af-
fecting 1.8 billion people, and 21% of healthcare fa-
cilities lack sanitation, particularly in low- and 
middle-income countries (Gnanasekaran et al., 
2024). Gebreeyessus et al. (2022) highlight serious 
deficiencies in medical waste management in Ethi-
opia, including inadequate training for waste han-
dlers and a lack of medical waste protocols. 
Ukraine is a prime example of how war and con-
flict disrupt medical waste management, nega-
tively impacting the United Nations Sustainable 
Development Goals and requiring international 
partnerships for post-war recovery (Leal Filho et 
al., 2023). 
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In war and conflict environments, mass dis-
placement and sudden increases in demand se-
verely strain hospital systems and create critical 
gaps in healthcare delivery. War and conflict lead 
to mass population displacement and the collapse 
of healthcare infrastructure (Orcutt et al., 2018). For 
example, the mass migration caused by the Syrian 
civil war has caused a sudden and intense increase 
in demand for healthcare services in hospitals in 
Turkey. Approximately 50% of hospitals in war 
and conflict zones are rendered inoperable, creat-
ing a destructive cycle where increased demand 
for surgical care is compounded by reduced 
healthcare system capacity (Sherwani et al., 2025). 
Hospitals face significant challenges in managing 
sudden patient surges during mass events, requir-
ing specialized capacity expansion strategies and 
demand management approaches (Tariverdi et al., 
2018). Some countries have established specialized 
hospitals to meet their sudden capacity needs. The 
diversity of these hospitals varies depending on lo-
cal threat levels, from temporary buffer zones in 
Europe to fortified structures in conflict-prone ar-
eas like Israel (Haverkort et al., 2017).  

Research on healthcare delivery in war and con-
flict zones reveals significant challenges related to 
inadequate standards and planning. These chal-
lenges are particularly compounded when consid-
ering detention centers and prisons, where mass 
casualties and epidemics are often neglected (Ech-
everri et al., 2025). The lack of standardized com-
petency frameworks leads to under-fulfillment of 
training requirements and the failure to improve 
service delivery standards. This leaves healthcare 
providers facing unpredictable workloads and 
workplace accidents (Mani et al., 2020). While 
some hospitals implement important practices in 
infection prevention, training guidelines, em-
ployee motivation, and occupational health and 
safety in everyday life, comprehensive, evidence-
based standards adapted to war and conflict envi-
ronments are needed (Lowe et al., 2021; Echeverri 
et al., 2025). The lack of measurement and monitor-
ing mechanisms makes it difficult to evaluate the 
effectiveness of resilience strategies and creates an 
information gap in policy development. 

This study systematically prioritized the obsta-
cles that weaken the resilience of hospitals in war 

and conflict environments using the Fuzzy AHP 
method. The fact that the study findings are based 
solely on expert opinions creates limitations in 
terms of validity and generalizability of the results. 
In particular, the lack of empirical data encompass-
ing experts' experiences across different profes-
sional groups, job descriptions, and institution 
types in war and conflict environments necessi-
tates validation of the obtained prioritization re-
sults in a broader context. As emphasized in the lit-
erature, while multi-criteria decision-making 
methods such as AHP can be applied to limited 
and homogeneous expert groups (Tsyganok et al., 
2012), collecting data from a broader and more di-
versified group of participants is crucial for gener-
alizability of the findings (von Solms, 2011). This 
makes it valuable that policy and management rec-
ommendations are derived from an expert-based 
model, but also highlights the need to support 
these recommendations with field experience. 
 
Conclusion 
 
This study was conducted using the Fuzzy AHP 
method to identify the obstacles that weaken the 
resilience of hospitals operating in war and conflict 
environments and to prioritize them according to 
their importance. The factor that most threatens 
hospital resilience is “Medicine, medical supplies, 
and oxygen supply interruptions (MSO).” This is 
followed by “Healthcare worker attrition and re-
tention (HRL)” and “Weak governance/coordina-
tion and financing fragility (GFF).” “Power out-
ages and fuel shortages (PFS)” and “Attacks on 
healthcare facilities/personnel (AOH)” are critical 
and follow the first three criteria. The criterion 
with the least weight is “Lack of measurement 
standards (LSM).” 

In war and conflict environments, the sustaina-
bility of healthcare services requires securing the 
supply chain, protecting and retaining healthcare 
workers, and strengthening governance and finan-
cial sustainability. Furthermore, protecting energy 
infrastructure, ensuring the security of healthcare 
facilities, and improving water, sanitation, and hy-
giene (WASH) services are among the strategies 
that will contribute to increasing resilience. 
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To strengthen hospital resilience, limited re-
sources should be prioritized toward drug and 
supply procurement, human resource continuity, 
and governance/financial stability. Focusing on 
critical barriers will have the greatest impact on 
improving hospital resilience and provide a strate-
gic roadmap for policymakers. 

This study makes a unique contribution as one 
of the few studies to systematically prioritize the 
obstacles that undermine hospital resilience in war 
and conflict environments under conditions of un-
certainty using Fuzzy AHP. This approach, which 
integrates operational and managerial dimensions 
within a single analytical framework, fails to relia-
bly incorporate decision-makers' subjective assess-
ments into the model, enabling clear identification 
of the critical factors that most significantly under-
mine resilience. The resulting prioritization pro-
vides a scientific basis for policymakers and hospi-
tal administrators to direct limited resources to the 
most effective areas and develop targeted strate-
gies under war and conflict conditions. 

Recommendations that strengthen hospital re-
silience, addressing policy and management prior-
ities simultaneously at the operational and admin-
istrative levels, are as follows: 

• Emergency stock management systems 
should be established in war and conflict 
zones to reduce disruptions in the supply 
of medicines, medical supplies, and oxy-
gen. 

• Local production capacity for critical prod-
ucts should be increased and external de-
pendency should be reduced. 

• Regional sharing mechanisms for oxygen 
and critical supplies should be developed. 

• Alternative logistics channels and secure 
distribution networks should be estab-
lished. 

• Security protocols and physical protection 
measures should be strengthened to in-
crease employee safety in hospitals. 

• Psychosocial support programs should be 
implemented to reduce trauma, stress, and 
burnout. 

• Incentive models (additional pay, accom-
modation, security support) should be de-
veloped for critical positions. 

• Safe transportation and emergency shelter 
support should be provided to prevent mi-
gration and forced departures. 

• Inter-institutional crisis coordination 
mechanisms should be strengthened to en-
sure the uninterrupted operation of 
healthcare services. 

• Resource allocation should be managed 
through transparent, traceable, and ac-
countable processes. 

• Emergency funding pools specific to war 
and conflict zones should be established. 
Joint planning structures should be estab-
lished between local governments, minis-
tries, and civil society organizations. 

• Uninterruptible power supply (UPS) and 
backup generator capacity should be in-
creased in hospitals to prevent power out-
ages. 

• Safe and continuous access plans for fuel 
supplies should be developed, and alterna-
tives should be planned. 

• Protective physical measures should be 
taken to address the risks of attacks on en-
ergy infrastructure. 

• Mobile WASH solutions should be in-
stalled in war and conflict zones to ensure 
the continuity of clean water and sanita-
tion. 

• Temporary field hospitals or buffer units 
should be planned for use during periods 
of peak demand. 

• Standard indicators should be developed 
for measuring resilience. 

• Specialized artificial intelligence-sup-
ported resilience monitoring systems 
should be installed during war and conflict 
periods. 

• To increase hospital resilience in war and 
conflict environments, artificial intelli-
gence-based decision support, forecasting, 
and early warning systems should be used 
in all critical processes, and artificial intel-
ligence solutions should be integrated into 
supply chain management, capacity plan-
ning, security monitoring, and resource 
optimization. 
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In future research, the prioritization model de-
veloped in this study could be tested across differ-
ent countries and conflict contexts, validated with 
a larger and more diverse group of experts, used 
with different MCDM methods (TOPSIS, VIKOR, 
DEMATEL, or hybrid models), and quantitative 
findings could be supplemented with qualitative 
methods. In particular, the development of AI-
based resilience measurement tools and their ap-
plicability to real-time hospital decision-making 
are important areas for future research. 
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