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ABSTRACT 
The United Nations Office implemented the disaster risk profile idea for disaster risk reduction!as one 
of the tools in the development and country’s disaster risk reduction. Due to the worldwide agreement, 
the Sendai Framework of Disaster Risk Reduction 2015–2030 has one of the priority actions to 
understand the risk before taking further steps to plan and operate. Furthermore, the knowledge of the 
emergency management has the topic of the critical infrastructure that needs to be protected to make it 
operate as usual during the emergency to prevent the worst case. The public healthcare system is one 
of these critical infrastructures. This research followed this concept and focused on the disaster problem 
in Thailand, which its major disaster type is a flood. The data from the Department of Disaster 
Prevention and Mitigation, Ministry of Interior, reported that during the fiscal year of 2010–2019, 
48,543 THB of government expenditure on the emergency help cost was used to ease the flood disasters. 
Thus, this research paid attention to the development of the disaster risk profile in the public healthcare 
system during the flood situation. The study area was Nakhon Sawan Municipality, Nakhon Sawan 
Province, Thailand, one of the significantly affected areas from the 2011 Thailand floods. The main 
target referred to the operation during the 2011 floods in the study area. This research applied the!BPMN 
2.0 to understand the operation process and the cooperation during the flood situation. The model could 
explain the function and responsibility of each organization and the disaster risk profile, by focusing on 
the operational level during the flood situation. The outcome of this was the risk profile and the 
suggestion to conduct the policy in the next step. 
Keywords:  risk profile, flood, public health, emergency operation, Thailand. 

1  INTRODUCTION 
The United Nations office implemented the disaster risk profile idea for disaster risk 
reduction (UNDRR) as one of the tools in the development of country’s disaster risk 
reduction [1]. From the beginning, of the vision of the sustainable development of the 
international agreements on a lead of the United Nations, in the field of disaster risk 
reduction, the international community has the decision to create the shared framework in 
the name of Sendai Framework of Disaster Risk Reduction 2015–2030 [2]. This framework 
has the priority of the Disaster Risk Management in each country in the government policy 
for the relation in the wider area.  
     At the global level, the World Health Organization (WHO) Regional Office for Europe 
states that “floods are the most common natural disaster” [3]. And the data from the same 
organization also states that 
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“Floods can cause widespread devastation, resulting in loss of life and damages 
to personal property and critical public health infrastructure. Between 1998 
and 2017, floods affected more than 2 billion people worldwide”. 

 
     According to the recent research, not only countries in Europe were affected by floods, 
but also those in Asia. It was stated that “analysis of flood trends in Asia shows that flood 
disasters in most of the Asian countries are increasing significantly, especially in the last few 
years Asia witnessed a rapid increase of flood disasters” [4]. 
     In Thailand, the data from the Department of Disaster Prevention and Mitigation (DDPM), 
showed that in 10 years, between 2001–2012, there were 189 times of flood disasters. The 
other source collecting data between 1989–2009 (20 years) revealed that Thailand faced 213 
flood disasters which resulted in 115,786.67 million Baht of damage cost. In particular, 
according to “2011 Great Flood: the lesson from the experience” [5] affected the area of 
57,600 square kilometers in 65 provinces. There were approximately 12 million victims and 
815 deaths from the incident. The calculated damage cost in the economic sector was 1.425 
trillion Baht, seven times more than the government budget in that year. This great flood 
disaster did not affect only Thai people or business, but also the supply chain because of the 
flood in Rojana Industrial Park, Ayutthaya, and other industrial parks. The information from 
the Bank of Thailand showed that the damage cost from seven industrial parks in Ayutthaya 
and Pathum-thani was approximately 24 billion Baht. The data from Thailand’s Land 
development department also showed that from 2009 to 2019, there were three levels of the 
chronic flood area in Thailand: 8–10 times, 6–7 times, and less than three times. Most of the 
areas with 8–10 times of the chronic flood were in the lower northern and the central parts of 
Thailand [6]. According to the budget report in the section of government cash advance from 
DDPM in 10 years between 2010–2019 (Fig. 1), the governors had submitted the request for 
the advance payment during the emergency situation in the flood disaster section every year, 
with the highest in 2012, the year after the great flood. Thus, this information showed the 
minimum damage cost that came from flood disasters each year. It also displayed the delay 
of the budget and the disaster period because the local government needed to pay first during 
the situation before submitting the request for the related organization’s budget and the 
number of the provinces affected by the flood disasters in the past decade. 
 

 

Figure 1:    Show the amount of flood situation emergency compensation cost (million Baht) 
in Thailand from DDPM budget report in 10 years (2010–2019). 
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     The idea of the critical infrastructures during the emergency made this operating system 
more important. With regard to this field of knowledge, during the emergency the critical 
infrastructures needed to be protected to prevent the worse effect from the disaster [7]. The 
damage to the public healthcare system from the synopsis of Thai cabinet in 2010 flood 
disaster [8] stated that the damage cost of hospitals was 50.3 million Baht, with number of 
deaths and injuries. During the 2011 great flood, the effect was more severe due to the wider 
flooded areas. The learning from disaster management and emergency management 
mentioned the critical infrastructures and key assets during the disaster. These critical 
infrastructures are based on basic human needs. If the government, both at the local and the 
national levels cannot manage these infrastructures properly, they could cause the disaster. 
Moreover, if the infrastructures could not operate as usual during the disaster, the situation 
could get worse. Healthcare and Public Health are one of the most crucial factors because the 
“health sector plays a significant role in response and recovery across all other sectors in the 
event of a natural or manmade disaster” [7]. Thus, from the perspective of disaster 
management, it is important to maintain the critical infrastructures before the disaster 
happens in the preparation phase. 
     The disaster risk profile is one of the tools of disaster risk management. This tool has been 
widely implemented with the support of UNDRR. It is seen as an important tools to use in 
the disaster risk assessment process in several countries and in different dimensions such as 
economics, social, environment, etc. The risk assessment is inside the whole process of 
disaster management that can be conducted at any level, either a small or a big scale. The 
Sendai Framework for Disaster Risk Reduction 2015–2030 has the aspect of the 
“understanding disaster risk is the priority for action” [2]. However, with the complexity of 
the guideline the level that frequently implements is at the national level or wider, after the 
process with a national disaster risk profile as the product of the assessment. The national 
government would get the resources of the policy planning process in the future along with 
scientific information of the disaster risk that has the expected benefit for the policy 
management.!

2  RESEARCH METHODOLOGY 
This research started with the review the operation system review during the flood situation 
by examining and conducting the interviews regarding to the great flood in 2011. The next 
step was to visualize the operation system details by creating a diagram of Business Process 
Modelling Notation (BPMN 2.0). Finally, the stakeholder analysis was conducted to find the 
relations of the public healthcare system and related organizations during the flood. 

2.1  Operation system visualization 

This part of the research was conducted by reviewing and interviewing about the 2011 great 
flood operation in Nakhon Sawan city municipality. It covered both the municipality and the 
hospital (Sawan Pracharak hospital). It visualized the operation system and assessment for 
the interconnection between the numerous organizations inside this area, especially the 
public healthcare system related organizations. The data collection to create the diagram 
focused on the operation of Sawan Pracharak hospital, as this hospital is the main hospital in 
the municipality and other parts of the province. The situation resulted in the increasing 
number of patients in the hospital and caused the disruption to operational activities at the 
same time. Therefore, the complexity of the operation during this specific situation caused 
by the separation of work by the related organizations, the separated commanders, and the 
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command systems conducted. It was a common situation that happened during the 
management that involved numerous stakeholders [9]. 
     The visualization concept and model were conducted using Business Process Modelling 
Notation (BPMN 2.0) to show the details of the operation and the cooperation between 
related organizations during the flood situation. BPMN 2.0 is “the graphical notation will 
facilitate the understanding of the performance collaborations and business transactions 
between the organizations” [10]. Thus, this model showed the details of the operational 
activities that were essential for the public healthcare system during the flood situation or 
other disasters. 

2.2  Stakeholders’ analysis 

After reviewing the details of the operation from BPMN 2.0 diagram, this part conducted the 
stakeholders’ analysis which its concept “is the key to understanding the complex 
relationships among all the parties involved” [11]. The next step was to conclude all of the 
previous processes and show the responsible organizations and their ministries. The outcome 
was to map the interrelation between the organization both at the local and national levels. 
Afterwards, the previous diagram was brought in to break into the figure and the factor to 
show the responsible organizations by the risk equation!\23̂: 

𝑅𝑖𝑠𝑘 ൌ  
Hazard ൈ  Vulnerability

Capacity
 

     This equation shows the factors which create the risk and their effects with the level of 
risk. The multiplier factors, hazard, and vulnerability are the factors that increase the risk by 
its number/value. However, the factor with the inverse effect to the risk level is the capacity, 
as the higher capacity will decrease the risk value. These factors are also able to display the 
healthcare system risk by calculating the vulnerability of the operation, activity, and the 
capacity of the operation to show how well it could cope with the hazard and vulnerability. 

3  FINDINGS 
From the research methodology, the findings would be present, starting with the operation 
system diagram referred to the BPMN 2.0 concept, to show the details of the operation during 
the flood situation, following by the stakeholders’ analysis and the risk factors developed 
from the first diagram and the analysis. 

3.1  Flood operation system details diagram 

After the data collection process regarding the information profile of the study area, the 
diagram by the concept of BPMN 2.0 was created and divided into two areas, i.e. Nakhon 
Sawan municipality and the public healthcare system (Sawan Pracharak hospital and other 
hospitals) as shown in Figs 2 and 3. After that, the stakeholder’s analysis from this 
cooperation process during the flood situation was done. 
     First, Fig. 2 showed the operation of the Nakhon Sawan municipality during the 2011 
great flood. The event diagram started with the flood risk season, in Fig. 2(a) that was 
highlighted. The municipality management board or the mayor ordered the engineering 
department to monitor the situation and to report the situation back to the management sector 
of the municipality to make a public announcement. Meanwhile, the operation and 
management team of Sawan Pracharak hospital prepared the responses to operate during the 
flood situation. Then, the triggered event occurred, the dam failure, resulting in Nakhon  
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Sawan city flood. Thus, the management section, with the mayor as the commander, needed 
to announce to make a public announcement to declare the emergency. The declaration of 
emergency would be done only if the flood occur.  
     As shown Fig. 2(b), it showed the operating system after the emergency situation in the 
municipality. This operation started with the parallel monitoring and the cooperation with the 
other organizations. As the support role during the flooded period, they also monitored the 
flood level until it decreased to the proper level to conduct the recovery phase, then they 
made another announcement. The last part of the operation was in Fig. 2(c), the recovery 
operation. They started with the damage assessment. The damage were separated into two 
kinds. The first one is the physical damage which the engineering department was responsible. 
The latter is the operation damage in the public healthcare service which the public health 
department was in charge. Both of the recoveries needed to redo the assessment until every 
section could work as usual before the end of the operation.  
     The public healthcare service operation system diagram was shown in Fig. 3. The start of 
the operation was in Fig. 3(a), similar to the municipality’s activities. This part was the 
hospital director’s decision, as the emergency commander, to make the emergency 
announcement. In Fig. 3(b), the top priorities during the emergency were the patient referral 
and the establishment of field hospitals. Firstly, they separated the patients into two groups, 
dischargeable patients and non-dischargeable patients at that time. The patients who were not 
well enough to discharge needed to be referred to the other hospitals; Jiraprawat military 
hospital, Health promotion hospital, and Ladyao hospital. The relocation process was assisted 
by the municipality and the military camp. During the operation, at Jiraprawat military, the 
IPD (in-patient departments) of the field hospital had been set up. It is still operating after the 
flood situation. During the whole process, the management sector ordered involved 
departments to monitor the flood level and the situation then made the announcement and 
took the next step of the operation planning.  
     After the flood level decreased to the normal condition, as seen in part (c) the hospital also 
conducted the damage assessment to do the recovery process and prepared for the usual 
operation. For the referred patients and staff, the relocation operation back to the Sawan 
Pracharak hospital was conducted by the commander. However, before the normal operation 
restart, the hospital and the municipality had to assess the damage both operational and 
physical damage from the flood. After the recovery and the assessment were accomplished, 
the operation went back to normal again. 

3.2  Stakeholders’ analysis and list of risk infrastructure 

As shown in Figs 2 and 3, the operation in two parts of the organization was separated by the 
BPMN 2.0 diagram with different commands and orders. However, in reality, they collected 
data showed that these two operation systems had interdependency during the flood situation. 
Therefore, this research needed to conduct the stakeholder’s analysis to link these operation 
details together. 
     After showing the details of the operation during the flood situation, the government 
played the main role during the disaster to conduct the cooperation. Fig. 4 displayed the 
stakeholders’ analysis diagram divided by the responsible ministries i.e., Ministry of Interior, 
Ministry of Public Health, and Ministry of Defense. As shown in Fig. 4 The Public Healthcare 
Service is the organization under the Ministry of Public Health, while the other organizations 
assisted the operation such as the Provincial Administrative Organizations (PAO) which is 
under the Ministry of Interior. They distributed the public area under their authority to use 
for the field hospital. In Fig. 5, existing resources that could support the operation of the 
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public healthcare system were shown. From the government sector, a column of hazard were 
the ability to monitor the natural hazard and the ability to forecasting. The vulnerability 
column was to show the facility which could be disrupted during the disaster. Flooding was 
the government and public healthcare sector’s co-responsibility. It could be concluded that 
the operational activity of the healthcare sector needs to be supported by the government 
sector (city municipality, PAO, etc.). 
 

 

Figure 4:  Diagram of stakeholders’ analysis during the flood situation. 

4  CONCLUSION 
The conclusion of the research from the risk profile data assessment found the 
interconnection and the cooperation pattern of the organizations inside the area of Nakhon 
Sawan city municipality during the flood. The model was visualized from the previous 
disaster, the 2011 great flood in Thailand, and the operation during that time. As shown in 
previous figures, the operation condition was altered during the disaster and emergency as 
the capability of the organizations and the hospitals was exceeded. Thus, the interconnection 
to assist the operation needed to be conducted. 
 

198  Disaster Management and Human Health Risk VII

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 207, © 2021 WIT Press



 

F
ig

ur
e 

5:
  S

ta
ke

ho
ld

er
 a

na
ly

si
s,

 li
st

 o
f 

ri
sk

 in
fr

as
tr

uc
tu

re
, s

ep
ar

at
ed

 b
y 

th
e 

ri
sk

 e
qu

at
io

n 
fa

ct
or

s.
 

 

Disaster Management and Human Health Risk VII  199

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 207, © 2021 WIT Press



     In this research, which focused on the operation of the public healthcare system after the 
assessment,!the details of the basics facilities responsible by the government sector needed 
to be secured for the continuity of the public healthcare system, as included in the critical 
infrastructures [7]. When the!assessment showed the over operation capacity and limited 
ability of the hospitals during the emergency, further assistance would be requested from the 
other government organization, both the government sector (municipality, PAO) and the 
military sector. The risk profile was created to gather the data and information from the 
responsible organizations and separated the data by the risk equation factors. The relation 
diagram would help those in the policy management level and the commanders to have the 
idea to contact the right organizations during the incident. 
     For further research, after creating the risk profile, the interviews with the specialists in 
the public healthcare system, the operation staff and the senior government officers should 
be conducted to gain more insights both in the operation side and the management side. The 
preference of information during disaster is also interesting to be taken into consideration 
with the operation analysis [13], [14]. The result of this can support the other area. Also, the 
outcome of this research will be fundamental to the risk assessment process and the 
conclusion can support the planning process in the emergency. 
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