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Abstract: Since late 2019, the COVID-19 biological disaster has informed us once again that, essen-

tially, learning from best practices from past experiences is envisaged as the top strategy to develop 

disaster management (DM) resilience. Particularly in Indonesia, however, DM activities are chal-

lenging, since we have not experienced such a disaster, implying that the related knowledge is not 

available. The existing DM knowledge written down during activities is generally structured as in 

a typical government document, which is not easy to comprehend by stakeholders. This paper there-

fore sets out to develop an Indonesia COVID-19 Disaster Management Plan (DISPLAN) template, 

employing an Agent-Based Knowledge Analysis Framework. The framework allows the complexi-

ties to be parsed before depositing them into a unified repository, facilitating sharing, reusing, and 

a better decision-making system. It also can instantiate any DISPLAN for lower administration lev-

els, provincial and regency, to harmonise holistic DM activities. With Design Science Research 

(DSR) guiding these processes, once the plan is developed, we successfully evaluate it with a real 

case study of the Manokwari Regency. To ensure its effectivity and usability, we also conduct a 

post-evaluation with two authorities who are highly involved in the Indonesia task force at the re-

gency level. The results from this post-evaluation are highly promising. 

Keywords: COVID-19; disaster management; agent-based models; disaster management 

knowledge; knowledge analysis 

 

1. Introduction 

In a learning process, knowing that we know that we do not know leads us to strive 

to improve our understanding about domain problems, from the conceptual to empirical 

level. However, in the COVID-19 biological disaster that struck the world in late 2019, we 

are mostly in the position that we do not know what we do not know about the disaster 

management (DM) domain [1]. This is not surprising as, in the modern era of DM, we 

have not experienced this particular event [2]. This disaster demonstrates once again that 

there is no one person or country that fundamentally can prevent, prepare for, or respond 

effectively to a disaster [3]. What we can do is manage it effectively, to reduce the impact 

of the loss of properties and lives [4,5]; this is what we call developing resiliency, that is, 

a capability to bounce back from unforeseen stress and/or adapt to the situation [6]. 
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Particularly in Indonesia, in response to this disaster, the President acknowledged 

the first case of COVID-19 on 2 March 2020 [7], and correspondingly established a national 

task force commanded by the head of the national disaster management agency (BNPB) 

to manage related DM activities. However, it was soon realised that DM disaster com-

prises complex activities involving various roles, and their inherently different responsi-

bilities, resources, etc., which need to be interacted, communicated, and coordinated. An 

amendment to the President’s first decree was made in only one week [8]. In the updated 

decree, the emphasis is that more ministry offices are involved, and they need to be pro-

active and responsive in all DM activities. As there is no prior knowledge facilitating the 

learning process, unknown factors are still dominant, and following the existing manual 

can be risky [9]. This is not to mention that, as COVID-19 is an event-driven disaster, the 

trade-offs between health and economic issues have been a primary government concern 

during decision making. 

Following the previous President’s decree to respond to this disaster, other Presi-

dent’s instructions and Ministries’ regulations were issued as responses to evolving situ-

ations, ranging from operationalisation of essential and critical sectors related to public 

services, to Large-Scale Social Restrictions (LSSR) and the Imposition of Restriction on 

Community Activities (IRCA) [10]. These all demonstrate that, essentially, we have no 

knowledge in place that is ready to be reused and shared at any point of the timeline of 

the response phase for the task force, at any government administration level. However, 

over time, of all the efforts that have been put in place in response to the disaster, it ap-

pears that the IRCA perhaps guide DM activities relatively well. This is signified by the 

fact that no other guidance was issued to follow this up until now. Moreover, it is cus-

tomisable to provincial and regency/municipality levels, as the confirmed positive, inpa-

tient, and death rate of COVID-19 cases decreased significantly [11] during the implemen-

tation. 

This paper sets out to contribute to DM resilience endeavours by developing an In-

donesia COVID-19 DISPLAN. The DISPLAN essentially constitutes a collection of best 

practices related to COVID-19 knowledge. However, instead of only populating and 

structuring the existing knowledge used by authorities, we approach it by disentangling 

its complexities into empirical knowledge elements, facilitating it to be understood more 

easily, and depositing it into a unified DM repository to be later shared and reused, for 

better decision-making processes. This is a crucial and challenging task, as the knowledge 

used in DM activities is mostly written in the government specification format, in which 

most parts of the document have nothing to do with DM activities, prohibiting it from 

being easily understood, particularly in real-world activities [12]. Our initial review of  

related COVID-19 knowledge documents from formal resources revealed that they are 

written in a semi-structured format, where the focus is on the roles played by government 

authorities and their responsibilities. This format can only be useful in an office with per-

manent structure and function. 

However, in DM activities, the first and foremost concern should be achieving the 

main goal [13]. This means all resources required, roles involved, interaction, communi-

cation, and coordination between roles and scenarios to be achieved should be maintained 

and harmonised in order to pursue the desired goals [14]. Put simply, for an effective DM, 

all sectoral egos need to be subdued to be able to see the bigger picture; that is, accom-

plishment of a main and shared goal. For instance, once COVID-19 cases escalate and 

community movement restrictions are activated, the police will ensure that people comply 

with this. The culture and education office needs to coordinate with schools and univer-

sities regarding online learning. Shopping centres and traditional markets will be man-

aged by the corresponding government office regarding their open and close hours and 

so forth. All these activities are aimed to accomplish the main goal: that community re-

strictions are well managed. In addition, the knowledge needs to be understood and ap-

plied to the provincial and regency/municipality levels. Therefore, the COVID-19 DIS-

PLAN aimed to be developed should also have an ability to generate and instantiate plans 
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for these administration levels; this is essentially required, as anytime improvements are 

made in the template, they can be synchronised efficiently with the new generated and 

instantiated plans. On the other hand, if the instantiated plans need to be more contextu-

alised with local wisdom knowledge, they can also be incorporated easily into their DIS-

PLAN. 

As this research is part of our larger work to contribute to the DM resilience endeav-

ours, we employ the Disaster Management Knowledge Analysis Framework Version 2.0 

(hereafter refers to as DMKAF) [15] to guide these tasks. Our DMKAF is a framework in 

which knowledge written in the government document will be analysed and modelled 

using Agent-Based models (ABMs): the goal, role, organisation, interaction, environment, 

and scenario models, subsequently transferring it to the repository to be used later. ABMs 

are used in the analysis and modelling stages, as they lend themselves to representing the 

empirical knowledge know-how, -when, -where, -who, -why and -what of DM activities 

[16]. Thus, as earlier described, a COVID-19 DISPLAN template is developed, first based 

on the ABMs as a foundation to instantiate plans for lower administration levels. Subse-

quently, the instantiated plans are transferred into the repository, to be accessed and re-

used in DM activities. As this research is guided by the Design Science Research (DSR) 

methodology [17], an evaluation with a case study from Indonesia will be managed, as 

the knowledge analysis framework has already been developed. The evaluation is to en-

sure the efficacy of the framework, as described in developing the Indonesia COVID-19 

DISPLAN. The paper is structured as follows: Section 2 reviews relevant existing litera-

ture. Section 3 describes the DSR methodology employed to guide this research. Section 4 

discusses the evaluation of the new framework with a real case study. Section 5 discusses 

the research, and Section 6 outlines the conclusions, limitations, and future research di-

rections. 

2. Literature Review 

In DM, resiliency is essentially determined by the level at which the affected commu-

nities have the necessary resources, and their ability to manage them during disaster sit-

uations [18]. Like other typical disasters with cascading effects [19] in which one event 

drives another, these almost always occur suddenly and unexpectedly; however, the 

COVID-19 disaster is extremely unique, as we have no prior knowledge about it to learn 

from. As a consequence, we approached this particular disaster with a “trial and error” 

path, which might hinder an effective DM resilience endeavour [3]. This does not mean 

that for other recurring disasters, such as floods and earthquakes, management is easier. 

In fact, no two disasters are identical, which means there is no generic solution for similar 

DM cases [20]; however, learning from experience is still envisaged as the best source to 

develop DM resilience [21]. 

However, knowledge from the best practice of experiences is not always available; 

even if it is, it is mostly scattered in experts’ minds. If written down, it is generally format-

ted in the typical government document or business specification structure, which is not 

easy to comprehend and in fact most knowledge elements in it have nothing to do with 

the DM activities, particularly for those who are on the ground [22]. These issues have 

been of concern to various scholars in the DM domain [23–25]. Albris et al. [20] echo these 

concerns by identifying gaps: the epistemological, institutional, and strategic gaps in DM 

activities. These gaps, essentially, inform that there is an urgent need to formally formulise 

evidence-based DM knowledge, employing scientific approaches to facilitate effective 

learning processes. This includes synthesising knowledge elements from best practices 

and transferring them into a formal structure, to allow them to be accessed and reused 

[26]. 

Scholarly interests in the aforementioned include developing strategies to provide 

DM authorities with adequate and representative information in a timely manner, and 

enhancing the decision-making process during catastrophic situations [24,27]. Due to the 

unique nature of each disaster, it is hard to develop a uniform policy that would be 
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effective in all DM scenarios. It is vital to address the dissemination of DM information 

that pervades all PPRR stages (prevention/mitigation/planning, preparedness, response, 

and recovery). This is performed by grasping [28] and delivering [29,30] as much relevant 

best practice information as feasible for DM implementation as a requirement for DM re-

silience efforts. Additionally, DM information must be deconstructed and made accessi-

ble, to facilitate the development of more effective decision-making systems [5]. 

To begin, we established [13] and modified our Disaster Management Knowledge 

Analysis Framework 2.0 (DMKAF2.0) [15] to analyse and model disaster management 

knowledge, prior to storing it in a single repository based on the Disaster Management 

Metamodel (DMM) [31]. The repository’s distinguishing characteristic is that it foregoes 

a chronological viewpoint in favour of unlimited access to all stages of PPRR. The DMM 

is a set of comprehensive ideas and their relationships that facilitates the representation 

of organizational knowledge and processes in DM activities. It was first constructed in 

accordance with a structure that comprehensively reflects the DM domain, using OMG’s 

three modelling layers [32]: M0-M1-M2, which represent the actual world object, the 

model, and the modelling language, respectively. Agent-Based Models (ABMs) are used 

in a DMKAF to extract the greatest lessons learned from the DISPLAN via analysis and 

modelling. ABMs lend themselves to being useful tools for representing the COVID-19 

DM knowledge pieces in a way that is more easily comprehended. 

Subsequently, these elements are deposited into a unified DM repository for sharing 

and reuse by other stakeholders effectively and efficiently. The knowledge structure in 

the repository also allows it to be used as a decision-making mechanism in DM activities. 

We have demonstrated such a process in our prior study of the volcano eruption DM of 

Mt. Agung in Bali, Indonesia [33]. Here, the knowledge structured in the DMM-based 

repository facilitates the decision-making process, making it more efficient and effective. 

For instance, decision-making can be constructed using a bottom-up approach; the data 

and information from the planning and operationalisation levels supply the decision to 

be concluded. However, decisions can also be developed based on a top-down approach; 

this approach is only possible if the structure of the unified repository allows it. The re-

pository itself is a metamodel-based form that constitutes collections of the most relevant 

and vital DM concepts and their relations in a way that demystifies DM decision-making 

processes. Put simply, decision-making processes based on both approaches allow the 

knowledge to be conformed and instantiated based on the needs of the stakeholders at 

each level and at any point of the DM timeline easily (please see our previous paper [33] 

for more detail).  

Essentially, existing research has recognised the critical role played by ABMs to fa-

cilitate more understanding of the COVID-19 pandemic [34,35]. The most compelling ben-

efit brought by an ABM is that it lends itself to represent complex and interrelated phe-

nomena in a dynamic setting such DM activities. Moreover, it can also mimic behavioural 

and goal driven rational entities (for e.g., individuals, organisations/institutions, govern-

ment organisations, etc.) in dynamic situations [36,37]. ABMs have been used to study 

social and economic effects in social restriction scenarios [37,38]. Compared to other ap-

proaches (e.g., a mathematical model), ABMs can describe complex DM situations in more 

natural ways [39]. ABMs can equip DM stakeholders with useful and relevant knowledge 

for better decision-making mechanisms of social intervention through different simula-

tions. 

Indeed, the use of ABMs to create simulation tools to comprehend the COVID-19 

phenomena has been embraced by many scholars. For instance, it is used to understand 

the supply chain disruption caused by the pandemic [40], the assessed effectivity of full 

and partial stay-at-home orders, face mask usage, and contact tracing [41], the COVID-19 

transmission rate, and the impact of public health measures [42–44]. These scholarly 

works have demonstrated that ABM can be used prescriptively to improve our under-

standing and ability to predict various scenarios during the COVID-19 pandemic. 
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Agent-Based Models are used to disentangle domain knowledge from the domain’s 

complicated features [45]. They are derived from the domain of Agent-Oriented Software 

Engineering (AOSE). ABMs are used descriptively to untangle the entangled knowledge 

in DISPLANs, with the components in each representative model serving as a point of 

reference. The ABMs are developed using the FAML (Framework for Agent Modelling 

Language) meta-model [46]. Thus, the conversion of ABMs to DMM is calculated theoret-

ically using FAML and DMM and is constructed as a model transformation [47,48]. OMG 

[32] has documented this conversion procedure in detail using the Meta Object facilities 

(MOF) framework. Thus, adopting the MOF serves two purposes: (1) leading the conver-

sion phases of ABMs to the unified repository, and (2) giving a clear-cut view of the infor-

mation organized in ABMs as it is used in decision-making processes, planning, and real-

world objectives [13]. The repository’s knowledge may subsequently be accessed by other 

DM stakeholders. The knowledge pieces of the MOF’s layers are related based on their 

semantic knowledge, since they fundamentally have the same meaning but are used in 

various scenarios. While prior assessments effectively assessed the usefulness and effec-

tiveness of the proposed framework, they also identified more opportunities for process 

improvement. There is room to improve the analysis’ efficiency and to guarantee that it 

applies to sources other than the DISPLANs; both are addressed in this work. 

3. Research Methodology 

Our endeavour is a Design Science Research (DSR) endeavour [17,49,50], as we aim 

at solving the disaster knowledge management issue in the case of the COVID-19 disaster 

in Indonesia. Thus, we employ the DSR methodology to demonstrate analysis and model 

the DISPLAN COVID-19, employing Agent-Based Models. We contribute to this issue by 

demonstrating the construction of the COVID-19 Disaster Management Plan in the Indo-

nesian context. DSR lends itself to be the most relevant and suitable methodology for this 

study, for instance as demonstrated in here [51]. The output of the process is an infor-

mation system artifact guiding the detailed activities in each stage. 

As this study is part of a larger project aimed to contribute to DM resilience endeav-

ours, to guide the construction process, instead of formulating it from scratch, we employ 

a validated Disaster Management Knowledge Analysis Framework Version 2.0 (DMKAF) 

[15]. The DMKAF is a knowledge analysis framework that has been successfully devel-

oped based on ABMs as a guideline for knowledge analysis and modelling [13]. Once the 

knowledge is analysed and modelled, it is then transferred into a DMM-based unified 

repository to be later used by stakeholders in DM events; for instance, for a decision-mak-

ing system. As is the case with the DSR technique, once constructed [52], assessment is the 

first step. The intention is to ensure that the created artifact is not only intended to answer 

the specified challenges, but also to contribute to domain knowledge. The concept is that 

the generated artifact must also address a larger class of concerns, not simply the one at 

hand [15]. 

Additionally, we instantiate the established framework in a web-based interface to 

facilitate these assessment procedures. This tool is basically a proof of concept designed 

to explain the fundamental ideas of techniques, modelling, and framework construction. 

Our DMKAF has been experiencing a suite of successful validations using two real case 

studies of flood DM from SES New South Wales [13,52] and a real case study of flood DM 

in Victoria State, Australia [15]. We also have demonstrated the effectivity of the frame-

work as a decision-making system in DM of the Mt. Agung Volcano Eruption in Indonesia 

[33]. Put simply, the DMKAF has been rigorously developed and evaluated so that it is 

ready to be used in analysis and modelling of our knowledge of DM activities. 

In addition to the evaluation stage, there is a need to ascertain the usability of the 

developed DISPLAN. As such, a post-evaluation is sought. To be able to do that, we di-

rectly communicate with two authorities who are categorised as planners and highly in-

volved in COVID-19 task force activities in each of their regencies in Indonesia. They, ba-

sically, are the leaders of their sectors, and have authority to plan and mobilise resources 
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from their offices and communicate and coordinate with the task force commander. We 

used Venable et al. [53]’s assessment technique to determine why, when, how, and what 

to evaluate. This assessment technique is designed to guarantee that the created artifact is 

evaluated thoroughly and consistently with the specified issues. The objective is to ensure 

that the functionality and usability of the system are compatible with the organization, as 

well as other associated quality aspects [17]. 

Disaster Management Knowledge Analysis Framework Version 2.0 (DMKAF 2.0) 

The DMKAF procedure used in this research consists of three stages: (1) customizing 

Agent Based Model templates, (2) creating a unique DISPLAN, and (3) storing the DIS-

PLAN in the repository. The framework’s detailed components are provided in Figure 1. 

The following is a breakdown of each stage: 

Stage 1: Creating customized ABM templates. As inputs to the system, a DISPLAN 

knowledge template and corresponding external references from COVID-19 are em-

ployed. At this stage, a DM specialist with an understanding of the agent-oriented 

paradigm (or a knowledge engineer with extensive DM experience) analyses and 

models the input, which is then structured into six (6) representative ABMs: the goal, 

role, organization, interaction, environment, and scenario models. These generate the 

six ABM templates that correspond to the COVID-19 DISPLAN template. 

Stage 2: Developing the customized DISPLAN. The customised ABMs are the result of 

Stage 1. They then become the ABMs responsible for generating the COVID-19 DIS-

PLAN for a certain area. As an example, the modified ABMs are used to develop a 

COVID-19 DISPLAN for the Manokwari Regency in Indonesia’s West Papua Prov-

ince. 

Stage 3: Transferring the DISPLAN into the repository. In this step, the six ABMs detailing 

a specific DISPLAN are transferred into the unified repository (as an example from 

Stage 2, the DISPLAN developed for the Manokwari Regency of West Papua Prov-

ince, Manokwari regency, Indonesia). The transferred ABMs comprise the analysis 

and modelling of external source specification. 

 

Figure 1. The Disaster Management Knowledge Analysis Framework 2.0. 
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4. Evaluation 

4.1. The Manokwari Regency Case Study 

Manokwari is one of thirteen regencies in West Papua and is the capital of the West 

Papua province. Similar to other regencies in Indonesia, it also had experienced the high-

est level (Level 4) of the Imposition of Restrictions on Community Activities (IRCA) up to 

20 September 2021, based on Instruction of Home Affairs Minister Number 40 Year 2021 

and now its level is reduced to Level 2 since 5 October 2021, based on Instruction Number 

54 Year 2021 (all the instructions of the Minister of Home Affairs related to the IRCA can 

be found on the ministry’s website: https://ditjenbinaadwil.kemendagri.go.id/hala-

man/detail/instruksi-menteri-dalam-negeri, (accessed on 17 October 2021). We employ 

the case of the Manokwari Regency to demonstrate the knowledge analysis and model-

ling, as this is a regency in the West Papua province that is among the two most eastern 

provinces in Indonesia. We aim to demonstrate that although the regency is among the 

farthest regencies from the central government, the enactment of the IRCA level can be 

instantiated efficiently using the same template as issued by the Minister of Home Affairs. 

However, the empirical knowledge to be understood in the activities directly by the rele-

vant stakeholders remain challenged as is clearly articulated in the template. However, 

this is regulated by the Person in Charge (PIC) in the administration level, the regent, or 

the governor. Moreover, we evaluate the effectivity of the developed DISPLAN with a 

case study from the regency level in Indonesia, based on Law Number 23, Year 2014. After 

the central government, only the regency administration has territory. The provincial gov-

ernment is a representative of the central government. 

The level of IRCA itself is ratified by the Minister of Home Affairs based on these 

three indicators: (1) a confirmed positive case of COVID-19, (2) an inpatient of COVID-19 

at the hospital; and (3) the death rate in the regency. These are measured per 100 thousand 

population in a regency per week. These assessment levels are adopted and adapted from 

the WHO’s guideline (WHO, 2020). For instance, the level 4 of IRCA will be applied to a 

regency once: (1) confirmed positive COVID-19 are more than 150 cases, (2) inpatients 

caused by COVID-19 are more than 30 cases, and (3) the death rates are more than 5 cases. 

Table 1 presents the IRCA levels in Indonesia. The data of these three indicators are sup-

plied by the local hospital in each regency. Once the IRCA level is authorised to the prov-

inces and regencies, the governor and/or the regent issue IRCAs using the same template 

but for their administrations. 

Table 1. Level, indicator, and the IRCA of COVID-19 DM in Indonesia. 

Level of 

IRCA 

Indicators 

Imposition of Restrictions on Community Activities (IRCA) Confirmed 

Positive  
Inpatient 

Death 

Rate 

1 <20 <5 0 

(1) Non-essential sectors: 75% WFO if vaccinated. 

(2) Essential sectors: 100% WFO in two shifts with tight protocol. 

(3) Shop and supermarket can open with 75% capacity. 

(4) Traditional market can open to 75% capacity. 

(5) Shopping centre: mall and plaza can open to 75% capacity until 21:00. 

(6) Street vendors, barbershop, and such can open until 20:00. 

(7) Food stall, street food, and snack stall can operate up to 75% capacity 

until 21:00 and their customers can dine in 30 min. 

(8) Restaurant in enclosed space can open to 75% capacity. 

(9) Education sectors: 50% online and 50% offline. 

(10) Worship place can open with 50% capacity and tight protocol. 

2 20–50 5–10 <2 

(1) Non-essential sectors: 50% WFO if vaccinated. 

(2) Essential sectors: 100% WFO in two shifts with tight protocol. 

(3) Shop and supermarket can open with 75% capacity until 21:00. 

(4) Traditional market can open with 75% capacity until 21:00. 



Sustainability 2022, 14, 6981 8 of 22 
 

(5) Shopping centre: mall and plaza can open to 50% capacity until 20:00. 

(6) Street vendors, barbershop, and such can open until 20:00. 

(7) Food, street food and snack stalls can operate up to 50% capacity un-

til 20:00 and their customers can dine in 30 min. 

(8) Restaurant in enclosed space can open to 50% capacity. 

(9) Education sectors: 50% online and 50% offline. 

(10) Worship place can open with 50% capacity and tight protocol. 

3 50–100 10–30 2–5 

(1) Non-essential sectors: WFH. 

(2) Essential sectors: 100% WFO in two shifts with tight protocol. 

(3) Shop and supermarket can open with 50% capacity until 20:00. 

(4) Traditional market can open with 50% capacity until 15:00. 

(5) Shopping centre: mall and plaza can open with 25% capacity until 

17:00. 

(6) Street vendors, barbershop, and such can open until 20:00. 

(7) Food stall, street food, and snack stall can operate with 25% capacity 

until 20:00 and their customers can dine in with time limit of 30 min. 

(8) Restaurant in enclosed space for take away/delivery only. 

(9) Education sectors: 100% full online. 

(10) Worship place can open with 25% capacity and tight protocol. 

4 >150 >30 >5 

(1) Non-essential sectors: WFH. 

(2) Essential sectors: 50% WFO in one shift and 100% WFO for critical 

sectors with tight protocol. 

(3) Shop and supermarket can open with 50% capacity until 20:00. 

(4) Traditional market can open with 25% capacity until 15:00. 

(5) Shopping centre: closed except for pharmaceutical and drug stores. 

(6) Street vendors, barbershop, and such can open until 20:00. 

(7) Food stall, street food, and snack stall can operate until 20:00 and 

only three customers can dine in 30 min. 

(8) Restaurant in enclosed space for take away/delivery only. 

(9) Education sectors: 100% full online. 

(10) Worship places are closed. 

This includes adjustments for the roles played by the government’s bodies in both 

administrations’ levels, based on the Person in Charge (PIC) authorities in each region. It 

is worth noting that in the COVID-19 case in Indonesia, at regency level, the PIC forms a 

one-off Task Force (TF) lead by a Task Force Commander (TFC) to manage all the IRCA, 

and reports to the PIC during DM. In DM common terminology, the TF is an Emergency 

Management Team. In the COVID-19 disaster in Indonesia, the TFC is a role played by 

the District Military Commander in each region and the Local Disaster Management 

Agency (BPBD) will be part of the task force. 

The IRCA described in Table 1 will be for guidance, for the TF to conduct the opera-

tion and uphold the health protocol based on their role. For instance, in the IRCA level 4 

(the highest), while the essential sectors are Work From Office (WFO) up to 50% of the 

capacity in one shift only, the critical sectors are 100% WFO with tight protocol. While the 

essential and critical sectors are those which are directly related to basic needs, for in-

stance, health, food supply, information and communication technology, and the stock 

market, the non-essential sectors are those that are not directly related to basic needs, such 

as higher education, university, and school, therefore these sectors are Work From Home 

(WFH) 100%. To ascertain that these sectors adhere to COVID-19 protocol and the pre-

scribed IRCA, the relevant roles in the TF that are responsible to each of the sectors will 

plan, supervise, evaluate, and coordinate them. For instance, in Level 2 of the IRCA, for 

the non-essential sector: 50% for each online and offline in the educational sector will be 

the responsibility of, and planned, coordinated, and supervised by, the education and cul-

ture office and welfare division of the regency secretariat. 
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In the evaluation, we choose a COVID-19 IRCA case study of the Manokwari Re-

gency, the capital of the West Papua province, to demonstrate the analysis and modelling 

using the DMKAF. Eventually, the output is the analysed and modelled COVID-19 DIS-

PLAN for the Manokwari Regency, to be deposited into the repository and reused as the 

basis of the decision-making mechanism for all stakeholders. We will visualise this using 

a web-based tool we developed for this purpose. The next sections concentrate on the ex-

tensive assessment conducted in this article using the case study. 

4.1.1. Stage 1: Customising the Template of Six ABMs 

In this stage, we use the template of the instruction of Ministry of Home Affairs for 

the IRCA level. It is then customised based on six ABMs. We analyse and model the tem-

plate using each of the corresponding ABMs. The result is the six customized ABM DIS-

PLAN IRCA templates of the Manokwari Regency. These six customised ABMs will be 

the foundation to develop any local plan for the province or regency level. In this paper, 

we generate the COVID-19 DISPLAN of the Manokwari Regency. The details are elabo-

rated next. 

Customising the Goal Model 

The purpose of customizing the goal model is to create a COVID-19 DISPLAN goal 

model that is unique to the individual, as illustrated in Figure 2. 

 

Figure 2. A customized goal model of the <Regency> DISPLAN for a main goal: “starting the 

IRCA”. 

These activities are conducted by a knowledge engineer. The customised goal model 

produced in this evaluation will be the basis to compose a goal model for any province 

and/or regency DISPLAN in Indonesia, as the template used is based on the instruction 

issued by the Minister of Home Affairs. A main goal “starting the IRCA” is identified as 

an example for the goal model. Having identified the main goal, the <Regency> TFC is iden-

tified as the role that is responsible to it. All the sub-goals and the roles for each of them 

are next to be identified. For instance, a sub-goal “planning socialisation and education 

activities” and the roles responsible for are <Regency> TFC, DTFC, CSE, and CL. Once it 
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is completed, the knowledge engineer categorises each of the knowledge elements in this 

model based on the MOF framework, be it M0 or M1. 

Customising the Role Model 

The role model is customised in accordance with the customized goal model. Thus, the 

role model provided in Table 2 has been customised in accordance with the customised 

goal model illustrated in Figure 2. The purpose of this section is to explain each of the Re-

gency’s jobs and their associated duties. Finally, the knowledge engineer assigns an M1 

or M0 value to the knowledge items in the role model. The role model for role R3: <Regency> 

TFC is provided in Table 2. 

Table 2. Customized role model of the <Regency> COVID-19 DISPLAN template. 

DMM-Based Repository 

Role Knowledge 

Role ID R3 

Role Name Task Force Commander the Regency of <Manokwari> 

Description 
Task Force Commander (TFC) is a role played by District Military 

Commander of the <Manokwari> 

Responsibili

ty 

1. Planning task force and protocol activities. 

2. Controlling task force and protocol activities. 

3. Supervising task force and protocol activities. 

4. Evaluating task force and protocol activities. 

5. Reporting task force and protocol activities. 

6. Coordinating to the related parties. 

Constraint These responsibilities are for the Regency <Manokwari> 

As this is the customised role model, any instance of this model for any regency can then be gener-

ated efficiently and effectively from it, as they conform to this customised model. 

Customising the Scenario Model 

Due to space constraints, we present only three customised ABMs in this study, out 

of a total of six. The last three models are scenario-based models. Except for the trigger, 

pre-condition, and post-condition components, which are based on other customised 

models, the customised scenario model’s knowledge elements are based on other custom-

ised models, as indicated in Table 2. Thus, the knowledge engineer must revisit the Min-

ister of Home Affairs’ initial directive to identify and organize the important knowledge 

pieces that have not yet been analysed and modelled in the first five ABMs. Once this 

model is complete, all knowledge items are labelled M1 or M0, corresponding to 

knowledge at the policy/planning level or in real-world activities. 

4.1.2. Stage 2: Generating the Customised Six ABMs 

In this stage, the analysed and modelled ABM templates from the previous stage in-

stantiate a particular regency out of them. In this study, that is the ABMs of the COVID-

19 DISPLAN of the Manokwari Regency. As such, knowledge elements specifying local 

wisdom characteristics of the regency that are useful to the stakeholders in DM activities 

can be incorporated into the main DISPLAN. The details of the processes are described 

next. 

Generating the Goal Model 

In this stage, the customised goal model of the COVID-19 DISPLAN, as in Figure 2, gen-

erates the same model, but for Manokwari regency. The process is as drawn in Figure 3.  
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Figure 3. The goal model of the flood DISPLAN of the SES Moira Shire Municipality. 

All knowledge elements in the customised goal model instantiate the same elements 

into the goal model, but specifically for the Manokwari regency. These processes are con-

ducted by a DM expert who has ABM understanding or an engineer who has DM exper-

tise background. For any local characteristics that are relevant and useful for stakeholders 

in case of DM, the knowledge engineer needs to identify and explore them from external 

resources to complement the instantiated goal model. As in Figure 3, all roles now have 

been specified for the Manokwari regency. Nonetheless, for more detail and related 

knowledge elements, the knowledge engineer needs to identify and structure them into 

the corresponding role. For instance, for the goal “planning task force and protocol activ-

ities”, for describing details of activities for this goal, subgoals are structured, such as 

“planning socialisation and education activities, “planning law enforcement for IRCA ac-

tivities”. The roles that are responsible for the subgoal include the roles from the goals. 

Generating the Role Model 

Generating a specific role model is undertaken by substituting all the general 

knowledge elements in the model template to the roles representing the Manokwari Re-

gency. In Table 3, the role model of the COVID-19 DISPLAN knowledge of the Manokwari 

Regency is provided. It describes role R2: Task Force Commander (TFC) and all its re-

sponsibilities. 

Table 3. The role model of COVID-19 DISPLAN of the Manokwari Regency. 

DMM-Based Repository M2 

Role Knowledge 
MOF 

Layer 

Role ID R3 

M1 
Role Name Task Force Commander the Regency of <Manokwari> 

Description 
Task Force Commander (TFC) is a role played by District 

Military Commander of the <Manokwari> 

Responsibilit

y 

1. Planning task force and protocol activities. 

2. Controlling task force and protocol activities. 

3. Supervising task force and protocol activities. 

4. Evaluating task force and protocol activities. 

M0 
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5. Reporting task force and protocol activities. 

6. Coordinating to the related parties. 

Constraint These responsibilities are for the Regency <Manokwari> 

Generating the Scenario Model 

The last to generate is the scenario model. Table 4 illustrates the generating process to 

produce the scenario model of the COVID-19 DISPLAN of the Manokwari Regency. A 

knowledge engineer examines all elements in the scenario model template to substitute 

with ones representing this regency. 

Table 4. The scenario model of COVID-19 DISPLAN of the Manokwari Regency. 

DMM-Based Repository M2 

Scenario Knowledge 
MOF 

Layer 

Scenario S2 

M1 

Name Executing the IRCA operation 

Goal 
Executing the IRCA operation on the regency of <Manokwari 

> 

Initiator Task Force Commander (TFC) 

Trigger 
Protocol and operation of IRCA are activated by the PIC 

<Manokwari> 

M0 

Pre-condition IRCA is authorised 

Post-condition Starting the task force role 

Description 

As the PIC <Manokwari> has given the approval for the IRCA 

operations and the protocol, it is followed by executing them 

by TFC. 

Condition Step Activity Role 
Environment 

Entity 

Sequential 

1 
Planning task force and protocol 

activities 
R1–R2 E1, E2, E3 

2 
Controlling task force and protocol 

activities 
R1–R2 E1, E2, E3 

3 
Supervising task force and protocol 

activities 
R1–R2 E1, E2, E3 

4 
Evaluating task force and protocol 

activities 
R1–R2 E1, E2, E3 

5 
Reporting task force and protocol 

activities 
R1–R2 E1, E2, E3 

6 Coordinating to the related parties R1–R2 E1, E2, E3 

4.1.3. Stage 3: Transferring the DISPLAN into the Repository 

Transferring the generated DISPLAN into the repository comprises two stages: (1) 

preparing the repository, and (2) transferring the generated ABMs of the Manokwari Re-

gency COVID-19 DISPLAN to it. Figure A1 in Appendix A illustrates the repository. As 

earlier explained, the repository is based on DMM comprising DM concepts and their re-

lations in ways, so they inform other related concepts to be considered once a concept is 

processed. For instance, if Coordination <<activity>> is to be performed, all resources 

<<EnvironmentEntity>> about Aid, the Incident <<Event>> and all roles played by agents 

in the EmergencyManagementTeam <<Agent>> also need to be catered for as they are 

related directly to the <<activity>>. 
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As all activities are carried out by corresponding stakeholders in DM, then all the 

concepts describing resources they need, other parties they need to interact, coordinate, 

and communicate with, and other activities to be performed need to be laid out. This is 

what Figure A2 in Appendix B and Figure A3 in Appendix C aim for, to inform other 

concepts that are related to the involved stakeholders. The figure also demonstrates how 

COVID-19 DISPLAN knowledge is structured in the repository. The initiator, pre- and 

post-condition, trigger, and all the scenario activities for a particular main goal are laid 

out. The activities are also informed whether they need to be performed parallel, sequen-

tial, or interleaved. Each of them is accompanied by the roles involved and the resources 

needed.  

In this section, we have evaluated the effectivity of the construction of the COVID-19 

DISPLAN for the Manokwari Regency, based on the DMKAF. We began by exhibiting 

analysis and modelling the ABM templates of COVID, generating the ones for the 

Manokwari Regency, subsequently transferring them into the unified repository success-

fully. However, to ensure the framework’s usability to its DM stakeholders, a post-evalu-

ation is sought. This post-evaluation is performed by the authorities who are highly in-

volved in the task in the regency administration. This is discussed in the following section. 

4.2. Post-Evaluation of the COVID-19 DISPLAN of the Manokwari Regency Case Study 

As earlier described, post-evaluation is aimed to ensure the usability of the COVID-

19 DISPLAN deposited into the unified repository. Particularly, this post-evaluation is 

conducted with the aim to ascertain that the new knowledge representation in the DMM-

based repository is unchanged and reusable by the stakeholders as a decision-making 

mechanism. We pursue this post-evaluation with two authorities in the regency levels. 

They are (1) second assistant for development and economic sectors of the Manokwari 

Regency West Papua Province who plays a role as field coordinator of economic sector of 

the regency task force of the COVID-19 and (2) secretary of planning and development 

office of Kaimana regency West Papua Province who are also part of the task force in the 

Kaimana regency. Both are from the same province to ensure that their regencies conform 

to the same template of IRCA level effectively issued by the Minister of Home Affairs. We 

conduct the post-evaluation with two authorities to validate the interrater reliability of 

both for the same issue. We conducted this post-evaluation in Indonesia Language and 

translated it into English. This post-evaluation is guided by the DSR literature [53]. The 

prototype GUI interface built for this study is used to perform this post-evaluation. By 

‘clicking’ on the knowledge items organized in the repository, the prototype enables peo-

ple to simply access and explore them. 

We begin this post-evaluation by determining if the resulting knowledge items and 

their relationships within the repository are consistent with those described in the original 

instruction. This is crucial to ensuring the repository’s continued usefulness and utility to 

DM stakeholders. This is verified for each of the six ABMs that were used in this study. 

Both authorities have given good comments in this respect. For instance, the authority 

from the Manokwari Regency declares in the target model assessment that “yes, the 

knowledge meaning in the goal model and regent instruction is still the same”. The authority of 

Kaimana Regency replied “yes, it is. Knowledge elements in [the] goal model and document have 

still the same meaning although they get reworded in some parts” for our purpose of determin-

ing if the information associated with the objectives pursued by each authority in the goal 

model and the DM has not been altered, that the document has not been altered. Both au-

thorities reach similar conclusions for the remaining five ABMs: role, organisational, inter-

actional, environment, and scenario models. 

However, although both authorities acknowledge that the analysed and modelled 

knowledge elements in the ABMs and in the instructions have not changed, there are two 

concerns from one of them about the effectivity of the communication during the activities 

of IRCA, as stated: “yes, they are still the same. The default responsibility of each of [the] author-

ities ease the identification; for instance, all activities related to education are the domain of 
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education and cultural office. Thus, all relevant activities will be interacted with the office auto-

matically”. The concern to be considered is related to the effectivity of formal communica-

tion, interaction, and coordination between authorities. However, it is also revealed that 

the concern is not about the efficacy of the ABMs employing in the analysis and modelling 

activities; instead, it is related to the incomplete knowledge elements in the instruction 

issued by the regent as mentioned by the authority of Kaimana Regency in the scenario 

evaluation that “these knowledge elements are crucial. However, they are not always ready and 

explicitly described in the instruction. In the real situation, the trigger is mostly based on non-

formal instructions”. This concern informs that identifying missing and incomplete 

knowledge is possible with our developed knowledge analysis framework. In other 

words, this is essentially a feature offered by our framework, which facilitates the users to 

identify the inconsistencies of knowledge elements from the DISPLAN. Thus, for the au-

thoritative agency that is responsible for developing such relevant knowledge, identifying 

the most suitable tool to help develop as complete the knowledge as possible is crucial. 

ABMs also lend themselves to identifying incomplete knowledge elements system-

atically of the DISPLAN, this post-evaluation is also noted further by both authorities. In 

this context, while the authority of the Manokwari Regency mentioned that “yes, they can. 

By utilising these ABMs, we can easily identify what knowledge elements are missing and incom-

plete from the instruction. The knowledge structured based on this model is easier to understand”, 

the authority of Kaimana Regency echoed that “yes, they can. As authorities who are highly 

involved in the real situation, knowledge elements from the instruction that are structured employ-

ing ABMs are far easier to understand. The models also allow us to identify the incomplete 

knowledge elements easily and quicker”, addressing the topic of whether the DM document’s 

deficient knowledge pieces can be discovered systemically. Following that, this post-eval-

uation considers additional criteria: (1) whether novel knowledge representations may aid 

authorities in better comprehending their actions, and (2) whether the repository structure 

facilitates the identification of knowledge gaps, and (3) whether the created framework 

contributes to the advancement of the DM resilience agenda at the regency level. In gen-

eral, the professional responses to this post-evaluation are uniformly good. The post-eval-

uation is detailed in Table A1 of Appendix D. 

5. Discussion 

This paper contributes to the development of COVID-19 Disaster Management Plan 

(DISPLAN) in Indonesia. It is driven by the fact that since the pandemic struck the world, 

not one person nor country has prior experience for mitigating/preventing, preparing, or 

responding to such a biological disaster. In fact, we are still quite far from the recovery 

phase, as we all still struggle to find and implement the best formula that fits for each of 

us to combat this disaster. The effort toward this issue becomes even more difficult in the 

absence of prior experience that might equip us with relevant and useful knowledge. 

What we know from reviewing the related literature of disasters history is that prior DM 

knowledge is critical for our resilience [20,54]. 

Since this COVID-19 disaster emerged in late 2019, every government in the world 

have been “learning by doing” in response to what is best for their country, including 

Indonesia. Therefore, in this paper, we demonstrate how the best lesson learnt from the 

“learning by doing” processes can be formally analysed and modelled and subsequently 

deposited into a unified repository effectively. To allow this to happen, we employed the 

DMKAF that has been previous developed [13] and experienced a suite of validation 

[15,33]. In this paper, we evaluated the development of a COVID-19 Disaster Management 

Plan (DISPLAN) as a knowledge template based on the imposition of restriction on com-

munity activities issued by the Minister of Home Affairs. We then instantiated efficiently 

the DISPLAN of COVID-19 of the Manokwari Regency from it. All these stages are guided 

by the DSR methodology. 

However, to ensure the usability of the generated DISPLAN, we conducted a post-

evaluation engaging two authorities who are highly involved in the COVID-19 task force 
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activities. From the post-evaluation, although they both agree with the effectivity and us-

ability of the COVID-19 DISPLAN generated using the DMKAF, they also noted an inter-

esting insight from the post-evaluation. They commented that the DMKAF are also capa-

ble of identifying the incomplete knowledge element from the generated DISPLAN. This 

is not too surprising, as ABMs employed as tools in analysis and modelling activities have 

unique characteristics for each of them to parse the empirical knowledge elements nor-

mally intertwined in a disaster management document; for instance, the one used as a 

case study in this report. Utilising the ABMs, only relevant knowledge elements from the 

DM plan will be analysed and modelled to each of the corresponding models. For in-

stance, in the goal model, only the main goals, their subgoals, and the roles responsible for 

each of them are structured. In other words, all the complex knowledge of DM that is 

mostly written in a business specification format [13] can be disentangled using the ABMs. 

To our knowledge, this paper sheds more light on how a COVID-19 DISPLAN of a 

government administration in Indonesia, developed by employing the DMKAF, can be 

used to pursue DM resilience endeavours. Particularly in issuing IRCA instruction by the 

Minister of Home Affairs, having a COVID-19 DISPLAN template of the central govern-

ment in place facilitates the instantiation of one for any lower administration level, to 

guide COVID-19 DM activities. We particularly do not only recognise but also provide an 

empirical solution to the issue raised here [20], to contribute to the gap between acknowl-

edging DM concepts and being able to channel them empirically, facilitating a transfer 

mechanism for the stakeholders to be used in DM activities. This evaluation reveals that 

the COVID-19 DISPLAN of the Manokwari Regency has merit to ease the stakeholders to 

comprehend DM activities. We have also demonstrated the development process using a 

web-based prototype to guide the use of the system. 

In addition, development of a COVID-19 DISPLAN template is extremely crucial as 

there is a tendency that we expect a third wave of COVID-19 in the near future [55], while, 

up to now, it appears that we have no formal knowledge that can be reused and shared 

under the same level administrations in COVID-19 DM activities. The contribution of the 

paper is also basically a response to our concern, as we noted in our previous work [33], 

that a DISPLAN template of any disaster should be developed and in place in the central 

government to be instantiated efficiently for the government at the province and regency 

levels as part of their DM resilience endeavours. Moreover, once there is an amendment 

in the policy level for instance, as [11], the knowledge can be propagated to the lower-

level administrations easily. 

Particularly for developing countries, where a DISPLAN is less commonly used, our 

developed COVID-19 knowledge analysis framework also facilitates learning processes 

to be more efficient. This is conducted by allowing the customisation process of the DIS-

PLAN in which it can be suited to the available resources and local wisdom of the admin-

istrative levels that it is aimed for. Thus, once a template of a customised DISPLAN for a 

COVID-19 DISPLAN is developed at the first place for the national level, for instance, it 

can be adjusted to all provinces and municipalities/regencies efficiently, based on their 

contexts. In other words, once developed, the template of the customised COVID-19 DIS-

PLAN can be mixed and matched to where it will be adopted and adapted. For developing 

countries with diverse resources across the regions yet in the same administration levels, 

(e.g., province vs province or regency vs. regency, particularly between Western vs. East-

ern), harnessing a template of customised DISPLAN is crucial to ensure an efficient learn-

ing process. Put simply, for developing countries, the requirement for efficient but still 

effective work throughout DM processes should be fully considered due to the limited 

resources. Utilising the COVID-19 template for learning from best practices and past ex-

periences of such, as DM lends itself, to materialise it, given its features. 

We are cognisant that context-awareness in practical reuse of knowledge is critical. 

Empirical knowledge facilitates the work of those on the front line to be more effective in 

responding to each DM activity. Delineating and underlining context dependency is an-

other feature of our developed framework. The framework facilitates the integration of 
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relevant external knowledge based on local wisdom. Because identical disaster manage-

ment activities and concerns exist in various regions of the globe with distinct popula-

tions, geographic features, and so on, it is vital to recognise the local specificities where a 

catastrophe happens to harness the potential of reuse. This may guarantee DM stakehold-

ers effectively adopt that information for use at all administrative levels of the organisa-

tion. We have demonstrated this feature, as validated by our disaster management 

knowledge analysis framework that was just recently published [15]. This feature applies 

to the context of the research, as the development of the COVID-19 DISPLAN is formu-

lated based on the developed plan described here [15]. In other words, the knowledge 

elements describing the local wisdom at any particular place or situation is recognised as 

the most empirical element that requires no interpretation for the disaster management 

stakeholders by the time they need it. Our developed framework can facilitate their inte-

gration into the instantiated DISPLAN. We have demonstrated and validated this process 

in our enhanced knowledge analysis framework, as described here [15]. In our frame-

work, we recognise the tacit knowledge and local situation as external knowledge that 

immensely complemented the main knowledge elements previously analysed and mod-

elled from the formal DISPLAN. As the knowledge analysis framework in this paper is 

based on the one we validated [15], this feature is also inherited from the enhanced one. 

It is also worth noting that the DM unified metamodel-based repository facilitates 

stakeholders to predict the decisions for various interrelated activities. This is because the 

repository constitutes a collection of interrelated essential DM concepts that will guide 

stakeholders in providing more complete decision-making processes (for instance, as 

demonstrated in Figure A1 for the response-phase). This provides them a complete view 

of “what-if” in DM, along the related set of concepts and their relationships. 

6. Conclusions, Limitations and Future Research Directions 

As earlier described, in a DM, having a DISPLAN in place is one thing. However, for 

it to be easily understood by the stakeholders is quite another thing. Moreover, under-

standing as completely as possible the knowledge from the conceptual level to planning 

and in a real-world context at any point of the DM timeline is extremely important. This 

is to ensure that the stakeholders are equipped with relevant and useful DM knowledge 

to guide their activities. In this paper, we have successfully demonstrated the develop-

ment of the COVID-19 DISPLAN template of Indonesia, which can also be used as a foun-

dation to instantiate plans for regency or provincial governments. We evaluate this pro-

cess using the DMKAF and COVID-19 instructions issued by the Minister of Home Affairs 

to generate a COVID-19 DISPLAN for the Manokwari Regency efficiently. A post-evalu-

ation is also conducted to ensure the usability of the result. 

Notwithstanding these, some limitations are also noted as feedbacks for our future 

research directions. First, as noted in the post-evaluation, there is an urgency for the 

COVID-19 DISPLAN knowledge structured using ABMs to be used in a real-world set-

ting, as stated “but this will be far better if we can implement this system in COVID-19 disaster 

management as soon as possible to see its effectivity”. This does not mean we expect the worst 

in our status of the COVID-19 pandemic. However, the aim is to ensure the effectivity of 

the COVID-19 DISPLAN of the Manokwari Regency. Second, in the evaluation stage, we 

generated a COVID-19 DISPLAN of the Manokwari Regency. Although we successfully 

demonstrated this, another case study, for instance, generating a plan for the provincial 

level, is sought for the purpose of generalisability of the process we described in this pa-

per. Third, the knowledge presented in the DISPLAN might include spatial elements; for 

instance, from geographical information systems (GIS). Expanding our framework to in-

tegrate such features to make more sense of the decision-making processes will be a focus 

of one of our future directions for this research. 

As we noted in our paper, our post-evaluation aims to assess the usability of the 

framework in the context of its use. This is following the Design Science Research meth-

odology of Information System research we employ in this study [17]. Although it is 
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sufficient for post-evaluation by an expert with an intimate DM knowledge in this domain 

[56] (e.g., as illustrated in [33]), we are aware of the interrater reliability issue. Thus, this 

study instead applies the post-evaluation with two government officials who are the lead-

ers in their institution and part of the COVID-19 government taskforce at the municipality 

levels. They are highly involved and responsible for day-to-day operations and decision-

making processes at their administration levels. They are the most suited candidates for 

the evaluation. At this stage, the two authorities involved in the post-evaluation are those 

who are significantly taking part in the COVID-19 task force in their regencies. They are 

also the decision-makers at the different government offices. Thus, at this stage of the re-

search, we see that they are sufficient to be the respondents for the post-evaluation, as 

guided here [17,56]. For future research directions, more DM stakeholders and experts 

will be sought. 

It is worth noting that the evaluation methods depend heavily on the work prod-

ucts/Information System artefact resulting from the research activities and the methodol-

ogies employed in the study. As our research is guided by the Design Science Research 

methodology, and the knowledge analysis framework for COVID-19 disaster manage-

ment is the overarching artefact produced from our research, we sought the post-evalua-

tion based on expert evaluation, as discussed here [53,56]. Nonetheless, a broader variety 

of evaluation methods will benefit the validation itself and will be considered in future 

extensions of this research. 
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ABM Agent-Based Model 

AOSE Agent-Oriented Software Engineering 

BPBD Badan Penanggulangan Bencana Daerah/Regional Disaster Management Agency 

CSE Coordinator of Socialisation and Education 

CL Coordinator of Law 

DM Disaster Management 

DMM Disaster Management Metamodel 

DMKAF Disaster Knowledge Analysis Framework 

DSR Design Science Research 

DISPLAN Disaster Management Plan 

GIS Geographical Information System 

IS Information Systems 

IRCA Imposition of Restriction on Community Activities 

LSRR Large-Scale Social Restriction 

OMG Object Management Group 

PIC Person in Charge 

SES State Emergency State 

TF Task Force 

TFC Task Force Commander 

TFD Task Force Deputy 

WFO Work From Office 
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WFH Work From Home 

Appendix A 

 

Figure A1. DMM-based repository structure for COVID-19 DISPLAN. 

Appendix B 

 

Figure A2. Knowledge elements in M1 level describing <<EmergencyManagementTeam>>. 
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Appendix C 

 

Figure A3. Knowledge elements in M0 concept describing the ones in M1. 

Appendix D 

Table A1. Evaluation outcome of usability from confirmatory focus group. 

Addressing Criteria Outcome Interrater Reliability of Authority Comment 

The knowledge included in the goal 

model and the DM document on the 

objectives to be pursued by each 

authority remains unchanged. 

Y 

Assistant: “Yes, the knowledge meaning in the goal model and 

regent instruction is still the same”. 

Secretary: “Yes, it is. Knowledge elements in goal model and 

document have still the same meaning although they get 

reworded in some parts”. 

The knowledge-informing functions of 

each of the authorities participating in 

the activities continue to exist. 

Y 

Assistant: “Yes, they are still the same”. 

Secretary: “Yes, the roles and their responsibilities are still the 

same and can still be easily understood”. 

The knowledge detailing the 

organizational structure for the 

purpose of communicating amongst 

authority remains unchanged. 

Y 

Assistant: “Yes, they are still the same. However, informal 

communication is usually more efficient”. 

Secretary: “Yes, they are still the same but in real situation, 

communication between authorities is usually looser than it 

should be”. 

Knowledge describing to what extent 

organisations are interacting is not 

changed. 

Y 

Assistant: “Yes, they are still the same”. 

Secretary: “Yes, they are still the same. The default responsibility 

of each of authorities ease the identification, for instance, all 

activities related to education are the domain of education and 

cultural office. Thus, all relevant activities will be interacted with 

the office automatically”. 

The knowledge base on the resources 

needed by roles to carry out their DM 

activities remains unchanged. 

Y 

Assistant: -idem- 

Secretary: “Yes, they are still the same. But this needs to be 

explicitly mentioned so that the roles better prepare them”. 

In a DM scenario, no knowledge about 

triggers, pre and post conditions, 

actions to be performed, or initiating 

roles is altered. 

Y 

Assistant: “These knowledge elements will be very useful if they 

can be defined explicitly in the model”. 

Secretary: “These knowledge elements are crucial. However, they 

are not always ready and explicitly described in the instruction. 

In the real situation, the trigger is mostly based on non-formal 

instructions”. 

Systematically identifying knowledge 

gaps in the DM document is possible. 
Y 

Assistant: “Yes, they can. By utilising these ABMs, we can easily 

identify what knowledge elements are missing and incomplete 

from the instruction. The knowledge structured based on this 

model is easier to understand”. 

Secretary: “Yes, they can. As authorities who are highly involved 

in the real situation, knowledge elements from the instruction 

that are structured employing ABMs are far easier to understand. 
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The models also allow us to identify the incomplete knowledge 

elements easily and quicker”. 

The new knowledge representation 

may assist DM stakeholders in 

comprehending the scenario type in 

which they find themselves and the 

other organisations with whom they 

must deal. 

Y 

Assistant: “Yes, it can. Particularly in the scenario model, all the 

activities, the roles that responsible to, the resources needed, the 

pre- and post-condition, the initiator which allow us to 

understand the scenario of a particular main goal to be pursued 

better and easier”. 

Secretary: “Yes, definitely they can. The knowledge represented 

in the system (framework) help us easily at understanding the 

activities to be achieved. We can easily identify all activities, the 

initiator, the pre- and post-condition as well as the roles involved 

in each of activities and the resources needed. Based on the 

knowledge structured in the system, we can easily identify what 

other knowledge elements should be added and involved”. 

The repository’s new information 

structure assists DM stakeholders in 

determining the most suitable action at 

any stage in the catastrophe timeline. 

Y 

Assistant: “Yes it does. Using the ABMs, we can identify these 

particular knowledge elements easily”. 

Secretary: “Yes, the structure of the ABMs allows us to identify 

the relevant knowledge elements easily in any point of the 

timeline of the activities”. 

In general, the approach contributes to 

the agenda for DM resilience. 
Y 

Assistant: “Yes, definitely. The framework helps us to 

understand the knowledge required in the activities easily”. 

Secretary: “Yes, it does. But this will be far better if we can 

implement this system in COVID-19 disaster management as 

soon as possible to see its effectivity”. 

References 

1. Tovstiga, N.; Tovstiga, G. COVID-19: A Knowledge and Learning Perspective. Knowl. Manag. Res. Pract. 2020, 19, 427–432. 

https://doi.org/10.1080/14778238.2020.1806749. 

2. Nohrstedt, D.; Parker, C.F.; von Uexkull, N.; Mård, J.; Albrecht, F.; Petrova, K.; Nyberg, L.; Göteman, M.; Hileman, J.; Messori, 

G.; et al. Disaster Risk Reduction and the Limits of Truisms: Improving the Knowledge and Practice Interface. Int. J. Disaster 

Risk Reduct. 2021, 67, 102661. https://doi.org/10.1016/j.ijdrr.2021.102661. 

3. Fakhruddin, B.; Blanchard, K.; Ragupathy, D. Are We There Yet? The Transition from Response to Recovery for the COVID-19 

Pandemic. Prog. Disaster Sci. 2020, 7, 100102. https://doi.org/10.1016/j.pdisas.2020.100102. 

4. Galaitsi, S.; Kurth, M.; Linkov, I. Resilience: Directions for an Uncertain Future Following the COVID-19 Pandemic. GeoHealth 

2021, 5, e2021GH000447. 

5. Coppola, D.P. Introduction to International Disaster Management, 2nd ed.; Elsevier: Amsterdam, The Netherlands, 2011. 

6. Blackman, D.; Nakanishi, H.; Benson, A.M. Disaster Resilience as a Complex Problem: Why Linearity Is Not Applicable for 

Long-Term Recovery. Technol. Forecast. Soc. Change 2017, 121, 89–98. https://doi.org/10.1016/j.techfore.2016.09.018. 

7. Keputusan Presiden Repulik Indonesia Nomor 7 Tahun 2020 Tentang Gugus Tugas Percepatan Penanganan Corona Virus 

Disease 2019 (COVID-19). Decree of the President of the Republic of Indonesia Number 7 Year 2020 About the Task Force for 

the Acceleration of Handling Corona Virus Disease 2019 (COVID-19), President of the Republic of Indonesia, Indonesia, 2020. 

Available online: https://covid19.go.id/p/regulasi/keppres-nomor-7-tahun-2020-tentang-gugus-tugas-percepatan-penanganan-

covid-i9 (accessed on 24 October 2021). 

8. Perubahan atas Keputusan Presiden Keputusan Presiden Nomor 7 Tahun 2020 Tentang Gugus Tugas Percepatan Penanganan 

Corona Virus Disease 2019 (COVID-19). Amendment to the Decree of the President of the Republic of Indonesia Number 7 Year 

2020 About the Task Force for the Acceleration of Handling Corona Virus Disease 2019 (COVID-19), President of the Republic 

of Indonesia, 2020. Available online: https://covid19.go.id/p/regulasi/keppres-nomor-9-tahun-2020-tentang-perubahan-atas-

keppres-nomor-7-tahun-2020 (accessed on 24 October 2021). 

9. Horita, F.E.A.; Albuquerque, J.P.; Marchezinid, V. Understanding the Decision-Making Process in Disaster Risk Monitoring and 

Early-Warning: A Case Study within a Control Room in Brazil. Int. J. Disaster Risk Reduct. 2018, 28, 22–31. 

10. Gitiyarko, V. PSBB Hingga PPKM, Kebijakan Pemerintah Menekan Laju Penularan Covid-19. PSBB to PPKM, Government 

Policy to Push Down COVID-19 Transmission Rate. Available online: https://kompaspedia.kompas.id/baca/paparan-

topik/psbb-hingga-ppkm-kebijakan-pemerintah-menekan-laju-penularan-covid-19?status=sukses_login&status_login=login 

(accessed 24 October 2021). 



Sustainability 2022, 14, 6981 21 of 22 
 

11. Rosa, M.C. Mulai November 2021, Aturan Naik Pesawat, Kereta Api, Bus dan Kapal Pelni Tanpa PCR. Starting November 2021, 

Boarding Planes, Trains, Buses and Ships Without PCR. Available online: 

https://www.kompas.com/wiken/read/2021/11/06/070300881/mulai-november-2021-aturan-naik-pesawat-kereta-api-bus-dan-

kapal-pelni?page=all#page2 (accessed on 27 October 2021). 

12. Wiśniewski, M. Analysis of the Integrity of District Crisis Management Plans in Poland. Int. J. Disaster Risk Reduct. 2021, 67, 

102650. https://doi.org/10.1016/j.ijdrr.2021.102650. 

13. Inan, D.I.; Beydoun, G.; Opper, S. Agent-Based Knowledge Analysis Framework in Disaster Management. Inf. Syst. Front. 2018, 

20, 783–802. https://doi.org/10.1007/s10796-017-9792-9. 

14. Jacobsen, K.H. Will COVID-19 Generate Global Preparedness? Lancet 2020, 395, 1013–1014. https://doi.org/10.1016/s0140-

6736(20)30559-6. 

15. Inan, D.I.; Beydoun, G.; Pradhan, B. Disaster Management Knowledge Analysis Framework Validated. In Information Systems 

Frontiers; Springer: Berlin/Heidelberg, Germany, 2022. https://doi.org/10.1007/s10796-022-10245-w. 

16. Inan, D.I.; Beydoun, G.; Opper, S. Towards Knowledge Sharing in Disaster Management: An Agent Oriented Knowledge 

Analysis Framework. In Proceedings of the 26th Australasian Conference on Information Systems, Adelaide, Australia, 30 

November–4 December 2015. 

17. Hevner, A.R.; March, S.T.; Park, J.; Ram, S. Design Science in Information System Research. MIS Q. 2004, 28, 75–105. 

18. UNISDR. How To Make Cities More Resilient—A Handbook For Local Government Leaders; UNISDR: Geneva, Switzerland, 2012. 

19. Fekete, A. Critical Infrastructure Cascading Effects. Disaster Resilience Assessment for Floods Affecting City of Cologne and 

Rhein-Erft-Kreis. J. Flood Risk Manag. 2020, 13, e312600. https://doi.org/10.1111/jfr3.12600. 

20. Albris, K.; Lauta, K.C.; Raju, E. Disaster Knowledge Gaps: Exploring the Interface Between Science and Policy for Disaster Risk 

Reduction in Europe. Int. J. Disaster Risk Sci. 2020, 11, 1–12. https://doi.org/10.1007/s13753-020-00250-5. 

21. Wu, J.; Yang, X.; Deng, X.; Xu, D. Does Disaster Knowledge Affect Residents’ Choice of Disaster Avoidance Behavior in Different 

Time Periods? Evidence from China’s Earthquake-Hit Areas. Int. J. Disaster Risk Reduct. 2022, 67, 102690. 

22. Wankmüller, C. European Disaster Management in Response to the COVID-19 Pandemic. Mind Soc. 2020, 20, 165–170. 

https://doi.org/10.1007/s11299-020-00252-2. 

23. Briceno, S. What to Expect After Sendai: Looking Forward to More Effective Disaster Risk Reduction. Int. J. Disaster Risk Sci. 

2015, 6, 202–204. https://doi.org/10.1007/s13753-015-0047-4. 

24. Elia, G.; Margherita, A. Can We Solve Wicked Problems? A Conceptual Framework and a Collective Intelligence System to 

Support Problem Analysis and Solution Design for Complex Social Issues. Technol. Forecast. Soc. Chang. 2018, 133, 279–286. 

https://doi.org/10.1016/j.techfore.2018.03.010. 

25. Li, T.; Wang, Q.; Xie, Z. Disaster Response Knowledge and Its Social Determinants: A Cross-Sectional Study in Beijing, China. 

PLoS ONE 2019, 14, e0214367. https://doi.org/10.1371/journal.pone.0214367. 

26. Mazimwe, A.; Hammouda, I.; Gidudu, A.; Barasa, B. A Pattern Driven Approach to Knowledge Representation in the Disaster 

Domain. SN Comput. Sci. 2020, 1, 1–17. https://doi.org/10.1007/s42979-020-00342-5. 

27. Sword-Daniels, V.; Eriksen, C.; Hudson-Doyle, E.E.; Alaniz, R.; Adler, C.; Schenck, T.; Vallance, S. Embodied Uncertainty: 

Living with Complexity and Natural Hazards. J. Risk Res. 2016, 21, 290–307. 

28. Thapa, D.; Budhathoki, N.R.; Munkvold, B.E. Analyzing Crisis Response through Actor-network: The Case of Kathmandu 

Living Labs. Commun. Assoc. Inf. Syst. 2017, 41, 414–428. 

29. Mejri, O.; Pesaro, G. Knowledge Based Strategies for Disaster Risk Reduction: A Knowledge Management Framework to 

Increase Understanding and Awareness of Value of Prevention and Preparedness. In Safety and Reliability of Complex Engineered 

Systems; Proceedings of the 25th European Safety and Reliability Conference, ESREL 2015; CRC Press: 2015; pp. 3589–3596. 

30. Rivera, C.; Tehler, H.; Wamsler, C. Fragmentation in Disaster Risk Management Systems: A Barrier for Integrated Planning. Int. 

J. Disaster Risk Reduct. 2015, 14, 445–456. https://doi.org/10.1016/j.ijdrr.2015.09.009. 

31. Othman, S.H.; Beydoun, G. A Metamodel-Based Knowledge Sharing System for Disaster Management. Expert Syst. Appl. 2016, 

63, 49–65. https://doi.org/10.1016/j.eswa.2016.06.018. 

32. OMG Meta Object Facility (MOF) Core Specification Version 2.4.1, OMG, 2013. Available online: 

http://www.omg.org/spec/MOF/2.4.1/PDF (accessed on 12 May 2017). 

33. Inan, D.I.; Beydoun, G.; Pradhan, B. Developing a Decision Support System for Disaster Management: Case Study of an 

Indonesia Volcano Eruption. Int. J. Disaster Risk Reduct. 2018, 31, 711–721. https://doi.org/10.1016/j.ijdrr.2018.07.020. 

34. Krivorotko, O.; Sosnovskaia, M.; Vashchenko, I.; Kerr, C.; Lesnic, D. Agent-Based Modeling of COVID-19 Outbreaks for New 

York State and UK: Parameter Identification Algorithm. Infect. Dis. Model. 2022, 7, 30–44. 

https://doi.org/10.1016/j.idm.2021.11.004. 

35. Almagor, J.; Picascia, S. Exploring the Effectiveness of a COVID-19 Contact Tracing App Using an Agent-Based Model. Sci. Rep. 

2020, 10, 22235. https://doi.org/10.1038/s41598-020-79000-y. 

36. Kerr, C.C.; Stuart, R.M.; Mistry, D.; Abeysuriya, R.G.; Rosenfeld, K.; Hart, G.R.; Núñez, R.C.; Cohen, J.A.; Selvaraj, P.; Hagedorn, 

B.; et al. Covasim: An Agent-Based Model of COVID-19 Dynamics and Interventions. PLOS Comput. Biol. 2021, 17, e1009149. 

https://doi.org/10.1371/journal.pcbi.1009149. 



Sustainability 2022, 14, 6981 22 of 22 
 

37. Silva, P.C.L.; Batista, P.V.C.; Lima, H.S.; Alves, M.A.; Guimarães, F.G.; Silva, R.C.P. COVID-ABS: An Agent-Based Model of 

COVID-19 Epidemic to Simulate Health and Economic Effects of Social Distancing Interventions. Chaos Solitons Fractals 2020, 

139, 110088. https://doi.org/10.1016/j.chaos.2020.110088. 

38. Lima, L.L.; Atman, A.P.F. Impact of Mobility Restriction in COVID-19 Superspreading Events Using Agent-Based Model. PLoS 

ONE 2021, 16, e0248708. https://doi.org/10.1371/journal.pone.0248708. 

39. Cuevas, E. An Agent-Based Model to Evaluate the COVID-19 Transmission Risks in Facilities. Comput. Biol. Med. 2020, 121, 

103827–103827. https://doi.org/10.1016/j.compbiomed.2020.103827. 

40. Rahman, T.; Taghikhah, F.; Paul, S.K.; Shukla, N.; Agarwal, R. An Agent-Based Model for Supply Chain Recovery in the Wake 

of the COVID-19 Pandemic. Comput. Ind. Eng. 2021, 158, 107401. https://doi.org/10.1016/j.cie.2021.107401. 

41. Tatapudi, H.; Das, R.; Das, T.K. Impact Assessment of Full and Partial Stay-At-Home Orders, Face Mask Usage, and Contact 

Tracing: An Agent-Based Simulation Study of COVID-19 for an Urban Region. Glob. Epidemiol. 2020, 2, 100036. 

https://doi.org/10.1016/j.gloepi.2020.100036. 

42. Hinch, R.; Probert, W.J.M.; Nurtay, A.; Kendall, M.; Wymant, C.; Hall, M.; Lythgoe, K.; Cruz, A.B.; Zhao, L.; Stewart, A.; et al. 

OpenABM-Covid19—An Agent-Based Model for Non-pharmaceutical Interventions against COVID-19 Including Contact 

Tracing. PLOS Comput. Biol. 2021, 17, e1009146. https://doi.org/10.1371/journal.pcbi.1009146. 

43. Wang, Y.; Xiong, H.; Liu, S.; Jung, A.; Stone, T.; Chukoskie, L. Simulation Agent-Based Model to Demonstrate the Transmission 

of COVID-19 and Effectiveness of Different Public Health Strategies. Front. Comput. Sci. 2021, 3, 642321. 

https://doi.org/10.3389/fcomp.2021.642321. 

44. Gomez, J.; Prieto, J.; Leon, E.; Rodríguez, A. INFEKTA—An Agent-Based Model for Transmission of Infectious Diseases: The 

COVID-19 Case in Bogotá, Colombia. PLoS ONE 2021, 16, e0245787. https://doi.org/10.1371/journal.pone.0245787. 

45. Lopez-Lorca, A.A.; Beydoun, G.; Valencia-Garcia, R.; Martinez-Bejar, R. Supporting Agent Oriented Requirement Analysis with 

Ontologies. Int. J. Hum.-Comput. Stud. 2016, 87, 20–37. https://doi.org/10.1016/j.ijhcs.2015.10.007. 

46. Beydoun, G.; Low, G.; Henderson-Sellers, B.; Mouratidis, H.; Gomez-Sanz, J.J.; Pavon, J.; Gonzalez-Perez, C. FAML: A Generic 

Metamodel for MAS Development. IEEE Trans. Softw. Eng. 2009, 35, 841–863. https://doi.org/10.1109/tse.2009.34. 

47. Mens, T.; Van Gorp, P. A Taxonomy of Model Transformation. Electron. Notes Theor. Comput. Sci. 2006, 152, 125–142. 

48. Sendall, S.; Kozaczynski, W. Model Transformation: The Heart and Soul of Model-Driven Software Development. IEEE Softw. 

2003, 20, 42–45. https://doi.org/10.1109/ms.2003.1231150. 

49. Gregor, S.; Hevner, A.R. Positioning and Presenting Design Science Research for Maximum Impact. MIS Q. 2013, 37, 337–355. 

https://doi.org/10.25300/misq/2013/37.2.01. 

50. Peffers, K.; Tuunanen, T.; Rothenberger, M.A.; Chatterjee, S. A Design Science Research Methodology for Information Systems 

Research. J. Manag. Inf. Syst. 2007, 24, 45–77. https://doi.org/10.2753/mis0742-1222240302. 

51. Inan, D.I.; Beydoun, G. Disaster Knowledge Management Analysis Framework Utilizing Agent-Based Models: Design Science 

Research Approach. In Proceedings of the 4th Information Systems International Conference 2017 (ISICO 2017), Bali, Indonesia, 

6–8 November 2017; Lwin, K.T. Ed.; Elsevier: Amsterdam, The Netherlands, 2017; pp. 116–124. 

52. Inan, D.I.; Beydoun, G. Facilitating Disaster Knowledge Management with Agent-Based Modelling. In Proceedings of the 

Twenty First Pacific Asia Conference on Information Systems (PACIS2017), Langkawi Malaysia, 17–19 July 2017; pp. 1–15. 

53. Venable, J.R.; Pries-Heje, J.; Baskerville, R. FEDS: A Framework for Evaluation in Design Science Research. Eur. J. Inf. Syst. 2016, 

25, 77–89. https://doi.org/10.1057/ejis.2014.36. 

54. Paquay, M.; Chevalier, S.; Sommer, A.; Ledoux, C.; Gontariuk, M.; Beckers, S.K.; Van Der Auwermeulen, L.; Krafft, T.; Ghuysen, 

A. Disaster Management Training in the Euregio-Meuse-Rhine: What Can We Learn from Each Other to Improve Cross-Border 

Practices?. Int. J. Disaster Risk Reduct. 2021, 56, 102134. https://doi.org/10.1016/j.ijdrr.2021.102134. 

55. Aljazeera. Indonesia Quells COVID, but is a New Wave on the Way? Available online: 

https://www.aljazeera.com/news/2021/9/16/indonesia-covid-wave (accessed on 24 September 2021). 

56. Peffers, K.; Rothenberger, M.; Tuunanen, T.; Vaezi, R. Design Science Research Evaluation. In Design Science Research in 

Information Systems: Advances in Theory and Practice; Peffers, K., Rothenberger, M., Kuechler, B., Eds.; Springer: Berlin, Germany, 

2012; pp. 398–410. 

 


