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Abstract  

Disaster risk reduction (DRR) arrangement can be seen as an ecosystem that has been jointly 

governed by stakeholders ranging from governments, non-governmental organisations, civil society 

and faith-based groups, scientific bodies, research institutes and universities, the private sector and 

local communities. This paper investigates DRR ecosystem in the Asia Pacific region by 

systematically analysing the network of DRR projects in the Asia-Pacific between 2000 to 2012 as 

listed in the DRR projects database (www.drrproject.net). The projects generally aiming at shaping 

discourse, policy and practice around various priorities of disaster risk reduction at different levels.  

The research explores network structures by analysing organizational connections using network 

theory and/or social network analysis (SNA) techniques. It examines how DRR organizational 

networks function and behave by exploring the connections and interactions (i) between donors, 

the projects they support, and the countries (recipient government) they aid and assist, as well as 

those (ii) between donors, the lead organizations managing the projects, and their implementing 

partner organizations. The research seeks to contribute to further understand disaster risk 

governance as a network and an ecosystem.   
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1.  Introduction 

Disaster risk governance is ‘the system of institutions, mechanisms, policy and legal frameworks 

and other arrangements to guide, coordinate and oversee disaster risk reduction (DRR) and related 

areas of policy’ (UNSIDR 2018). While DRR governance is the arrangement of DRR in a multi-

stakeholder, multi-sectoral and multi-disciplinary undertaking (UNISDR, 2015). A range of 

capacities are needed to address the complexity and scale of disasters (Wisner et al., 2012). The 

annotated definition of DRR is: ‘the policy objective of disaster risk management (DRM), and its 

goals and objectives are defined in disaster risk reduction strategies and plans’ (UNSIDR 2018). 

DRR is about people – people as victims, survivors, rescuers, volunteers, planners, managers and so 

on (Alexander, 2012) and government officials. Building and maintaining adequate connections 

between individuals, groups, and institutions is crucial because it is when people work 

constructively together that crisis situations and disaster problems are better addressed 

(Alexander, 2012). DRR governance can be also seen as networked ecosystem composed of 

networks or connections of actors such as individuals, groups, and institutions interacting with 

each other and arrangements, frameworks, and mechanisms to direct, coordinate and oversee DRR 

activities (UNISDR, 2018).  

In the increasingly connected world, DRR ecosystem is beyond local. In cases when and where 

national and local capacity are overwhelmed, other bilateral donor governments, 

intergovernmental organisations, international financial institutions and multilateral development 

banks, the UN system, and international NGOs among others also get involved (UNOCHA, 2013).  

DRR in Asia-Pacific is a collective imperative which requires strong regional cooperation and 

coordination (UNESCAP, 2016). There is no individual, single group or organization that can carry 

out every function of DRR/DRM. A wide range of knowledge, skills, and resources necessary for 

DRR are often acquired, developed or managed through organizational partnerships (Twigg, 2015). 

DRR partnerships are established and maintained when several organizations harness their 
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capacities to jointly pursue mutually-agreed DRR goals. DRR systems are a collection of DRR 

partnerships and their various functions across different domains and levels. 

The challenge in building and maintaining partnerships in DRR lies in the growing size and 

complexity of the organisational network resulting from the connections and interactions of 

various actors involved. This implies the need to explore social networks behind the ecosystems to 

gain better understanding of the challenges and opportunities associated with DRR partnerships. 

But where do we start looking? 

The overall goal of the research is to gain a better understanding of organizational networks behind 

DRR systems in Asia-Pacific that could assist in introducing more integrated, holistic and inclusive 

approaches to disaster risk governance. It examines organizational connections and interactions in 

the region (i) between donors, the projects they support, and the countries (recipient government) 

they aid and assist, as well as those (ii) between donors, the lead organizations managing the 

projects, and their implementing partner organizations. As it asks “who is supporting what and 

where?” and “who is working with who and where?”, the study aims to provide insights on the 

seemingly growing complexity of DRR organizational networks in the region.  

The study seeks understand how organizations are inter-connected. Gaining a better understanding 

of significant and influential DRR actors in the region and their social ties could assist in finding 

ways to address systemic issues affecting DRR projects that benefit and serve people at-risk or 

affected by disasters. 

2. Disaster Risk Context of Asia and the Pacific  

The Asia-Pacific is arguably the most disaster-prone region in the world (UNESCAP, 2016). 

According to figures in the OFDA/CRED International Disaster Database, the highest number of 

world’s nature-related disasters reported between 1900 and 2016 occurred in the region (EM-DAT, 

2016). Asia-Pacific experiences a wide range of natural hazards due to its geographical location and 

physical features (UNISDR, 2015). Many living in the region are among the most sensitive and 

susceptible to extreme weather and the changing climate (Terry & Goff, 2012; UNDP, 2012). Six out 

of the ten countries most affected by climate change from 1996 to 2015 are located in the Asia-

Pacific (Kreft, Eckstein, & Melchior, 2016). Furthermore, trans-boundary disasters in the region 

affect multiple countries with cascading effects (UNESCAP, 2016). It is also home to more than half 

of the world’s poorest people that are highly vulnerable to and disproportionally affected by 

disasters (UNESCAP, 2016). 
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Gross estimates of disaster impact to people, properties, and assets in Asia-Pacific are substantial. 

There were 1,625 reported disaster events in the region from 2005 to 2015 representing over 40% 

of the global total (UNESCAP, 2016). During the same period, nature-related disasters alone have 

claimed around 500,000 lives, affected about 1.4 million people, and caused damages and losses 

amounting up to USD 523 billion (UNESCAP, 2016). In the last ten years, the region accounted for 

60% of the total nature-related disaster deaths, 80% of the total people affected by nature-related 

disasters, and 45% of the total nature-related disaster economic damages and losses worldwide 

(UNESCAP, 2016). Furthermore, the region is affected by forces and trends that are intensifying 

disaster risks and generating new ones. 

It is estimated that Asia-Pacific could incur an annual average of USD 160 billion in economic 

damages and losses by 2030 (UNESCAP, 2016). The world economy appears to be shifting from 

North to South and West to East due to rapid economic growth in Asia especially but not limited to 

China and India by 2030 (Hajkowicz, Cook, & Littleboy, 2012). This on-going shift is bringing 

economic and social opportunities to the region but it is also placing its economies and people at 

further risk. On the other hand, it will likely increase economic costs of disaster in the region and 

probably affect more people because of higher concentration of populations, properties and assets 

(UNISDR, 2015).  

Much progress has been made in the Asia-Pacific with regard to DRR yet many challenges still lie 

ahead (UNESCAP, 2016). The increase of economic activity is leading to mismanaged and rapid 

urbanization and urban population growth in high-risk areas (UNESCAP, 2016). Estimates indicate 

that more than 700 million in Asia-Pacific are currently subject to “high” or “extreme” disaster risk 

because they are living multi-hazard prone urban areas (UNESCAP, 2016). Moreover, observations 

reveal that the atmosphere and ocean are becoming warmer, significant amounts of ice and snow 

are melting, and sea-levels are rising (IPCC, 2014). These findings suggest there could be more 

intense weather and variable climate events in the region. Furthermore, continuous environment 

degradation is resulting to disruption of ecosystems and loss of nature’s protective functions. This 

trend is increasing the communities’ risk to natural hazards and aggravating the climate-related 

impacts in the region (UNESCAP, 2016). 

3. Literature Review: Disaster Studies and Social Network 

Network science-related disaster studies are relatively new. Before the revolution in the late 

1990’s, most literature and research using network science were limited to several disciplines and 

fields only (Freeman, 2004; Zhang, 2010). Complexity, systems, networks, interconnectedness, 
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interdependencies, and the like are not novel ideas in disaster studies. However, it was not until the 

early 2000’s that disaster researchers started to conduct studies that incorporate all four 

characteristics of network science. These are (i) interdisciplinary nature, (ii) empirical driven 

nature, (iii) mathematical nature, (iv) and computational nature (Barabási, 2014).  

A recent scan of literature shows that network science is now being applied to various themes of 

disaster studies and across functions of disaster practice. More recently, network science is used 

not only to illustrate the impacts of networked risks but also to initiate a paradigm shift in thinking 

in order to manage complex interacting systems that seem to produce and enhance them (Helbing, 

2013). But because the research at hand is concerned with the organizational network behind DRR 

projects in Asia-Pacific which is social in nature, the review focuses on selected literature on 

disaster studies that applied the social network analysis (SNA) approach, a sub-type of network 

analysis in network science (refer to Table 1).  

The literature included in the review focuses on organizations as the unit of social network analysis. 

Butts and collaborators focused on individuals and studied the networks of communication and 

interaction among responders to the World Trade Center disaster (Butts et al., 2007). A key finding 

relevant to the study is that the occupancy of coordinating roles is influenced by formal 

institutional status of the responder or the responder’s position in an organization (Butts et al., 

2007). Misraa and collaborators investigated the associated institutional entities by exploring the 

evolution of social networks of a disaster hit community (Misraa et al., 2017). A key finding relevant 

to the study is that social networks not only change in different phases of a disaster but also when 

external support is engaged (Misraa et al., 2017).  Kapucu and his collaborators focused their work 

on organizations and ways they communicate and coordinate during responses. A key finding in his 

study about interactions of organizations that evolved in response to the 9/11 attacks is that 

effective response and recovery operations were achieved by integrating the resources and 

capacity of organizations from various sectors (Kapucu, 2005). Kapucu and collaborators also found 

that partnerships among organizations responding to disasters could “create new funding sources, 

alleviate staffing deficiencies, and provide opportunities for good public relations” and that actors 

coordinated their disaster activities more effectively in subgroups (Naim   Kapucu et al., 2010, p. 

240).   

Lind et al. (2008) studied the different types of brokerage roles (e.g. coordinator, itinerant broker, 

gatekeeper, representative, liaison) in disaster responses and found these brokerage roles are 

assumed by relatively few organizations. Varda and collaborators focused on dynamic social 
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networks to understand the impact of the changes in social networks to the ways individuals and 

communities respond and recover from disasters (Varda et al., 2008). Their findings offers insights 

on the ways disasters change social networks and the implications to disaster relief and recovery 

(Varda et al., 2008). McCaan and collaborators provided an introduction to social network concepts 

and their relationship to inter-organisational collaboration, disaster resilience and climate change 

adaptation (McCann et al., 2016). Their work offers a summary of (i) the kinds ties between 

organisations and individuals within organisations, (ii) and the characteristics of different types of 

network governance structures as well as its strengths and weaknesses (McCann et al., 2016). 

 

Table 1: Selected publication on the use of the SNA approach in disaster related research 

Theme or 
function/ 
phase 

Unit of analysis 
and level 

General objective Author   

• Response 
• Coordination 

Organizations 
(Local) 

To analyse interactions among public, private, and 
non-profit organizations that evolved in response to 
the September 11, 2001 terrorist attacks. 

Kapucu (2005);  

 Organizations 
(National) 

To study the use of intergovernmental and inter-
organisational response to coordinate complex 
operations in multi-organizational environments of 
catastrophic disasters (Hurricanes Katrina and Rita 
in 2005). 

Kapucu et al. 
(2010) 

Disaster 
Response and 
communication  

Organizations 
(Local) 

 To explore what factors contribute to effective 
inter-organizational communication and decision 
making and what factors inhibit their 
development.  

 To analyse networks of communication and 
interaction among responders to the World Trade 
Center disaster. 

Kapucu (2006);  
 
 
 
Lind et al. (2008) 

  Individuals 
(Local) 

To analyse networks of communication and 
interaction among responders to the World Trade 
Centre disaster. 

Butts et al. 
(2007) 

 Organizations 
(Local) 

To study communication networks among the 
responding organisations using formal brokerage 
measures. 

Lind et al. (2008) 

 • Pre- and post-
disaster settings 
• Social network 
dynamics 

• Individuals 
• Community 
• Organizations 
 (Local) 

To explore the impact of disasters to social 
networks and to understand the impact of the 
changes in social networks to the ways individuals 
and communities respond and recover from 
disasters. 

Varda et al. 
(2008) 

` Community 
(Local) 

• To describe community network pre and post 
disaster- and show the changing pattern of evolving 
networks during and after the disaster. 
 

Misraa et al. 
(2017) 

Policy making 
network  

Organisation 
(National) 

To examine the impact co-production of and 
interaction of actors and institutions involved in 
national disaster policy change in Indonesia 

Lassa (2013) 
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• Recovery and 
rehabilitation 
• Coordination 

Organizations 
(Local, national 
and international 
connections) 

• To understand the organizational network 
typology of largescale disaster intervention in 
developing countries. 
• To understand the complexity of post-disaster 
intervention based on empirical data from post-
tsunami reconstruction in Aceh, Indonesia, during 
20052007. 

Lassa (2015) 

• Social capital 
•Network 
governance 
 

• Individuals 
• Community 
• Organizations 
(Local and 
national) 

To provide an introduction to social 
network concepts and their relationship to inter-
organisational collaboration, disaster resilience and 
climate change adaptation. 

McCann et al. 
(2016) 

 

SNA can be used to understanding organizational networks behind disaster management policy 

making (Lassa, 2013). The spatial and temporal boundaries could be also extending from sub-

national to national (Lassa, 2013, 2015). Lassa provides insights on the social, political, and 

economic dimensions of organizational networks and offers guidance on ways to study those 

dimensions in a given organizational network (Lassa, 2013, 2015).  

In reviewing literature relevant to the study, several gaps and limitations of previous research 

became evident. First, cumulative and integrated effort is needed if the DRR community seeks to 

advance the SNA approach in disaster studies.  

Second, it appears that the SNA approach is applied more often in studies on crisis management 

and emergency response, early recovery and recovery. A relatively low proportion of SNA studies 

focus on reducing disaster risk reduction and little emphasis is given to prevention, mitigation and 

preparedness at the moment. Third, most literature deals with disaster functions and phases and 

not so much on disaster-related themes (e.g. governance, disaster economics, urban risk) which are 

equally important. Fourth, majority of the work done pertains to organizational networks at the 

local and national level and not enough is known about those at the regional or global level. Lastly, 

studies on organizational networks tend to concentrate more on interconnectedness while 

attention given to interdependencies seems to be insufficient.  

This study attempts to address some of the gaps and limitations identified in literature and to 

advance the use of SNA in disaster studies. Like previous studies it addresses the 

interconnectedness of organizations - who are working together on what and where? But unlike 

most previous studies, it also addresses interdependencies between organizations. The study 

considers projects covering a broader scope of DRR-related functions, phases and themes. It also 
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focuses on studying an organizational network at the regional level beyond local and national 

levels. 

4. Research Design and Methods 

A wide range of SNA methods exist. While there are differences in SNA approaches, they generally 

follow a similar pattern: (i) data source selection or sampling, (ii) data collection, (iii) data 

preparation, (iv) data conversion or importing, (v) data analysis, (vi) and network visualization and 

exploration as shown in Figure 1 (Borgatti et al., 2013; Carolan, 2014; Musial, 2014).  

Figure1: Six-step SNA approach 

 

Source: Authors 

4.1 Data collection methods 

This section describes the data collection methods which consists of four stages: (i) data source 

selection, (ii) data collection, (iii) data preparation, (iv) and data conversion. A description of each 

stage will be provided in the following sub-sections. The web-based information sharing resource 

where the data was sourced and the nature of the data used in the study will also be presented. 

4.2 Data source  

The DRR Project Portal is a web-based information sharing resource developed by UNISDR, ADB, 

and, ADPC under the guidance of the ISDR Asia Partnership (IAP) working group members 

including  ASEAN, UNDP,  UNOCHA, World Bank - in partnership with regional organisations in Asia 

such as ASEAN, Pacific Disaster Net and Duryog Nivaran (UNISDR Asia Partnership, 2013b). The 

DRR Project Portal was set-up to assist in achieving HFA goals in the region. ADB provided the 

funding while ADPC developed the database using the Sahana Eden Open Source Disaster 

Management Platform (UNISDR Asia Partnership, 2013a).   

DRR projects included in the DRR Project Portal are defined as: 

DRR projects are those which involve reducing exposure to hazards, reducing vulnerability 

of people and property, wise management of land and the environment, and/or improved 
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preparedness for adverse events. DRR projects include climate change adaptation projects 

where they are related to DRR, but it does not include relief or response initiatives 

undertaken in the aftermath of disasters. They must be in the Asia-Pacific region (UNISDR 

Asia Partnership, 2013a, p. 2). 

The study only considers and uses data available in the DRR project list when it was downloaded 

from the DRR Project Portal (Figure 2) on the 23rd of September 2016. Any changes or updates 

done to the DRR project list after the said download date are not captured and included in the 

study.   

The raw data of interest to the study are those under the following DRR project list headings: 

Project Title; Countries; Hazards; Themes; HFA Priorities; Lead Organizations; Partners; Donors; Total 

Funding. These columns are copied and pasted into a new MS Excel spreadsheet to be used in the 

data preparation stage.  

Figure 2: DRR Project Portal home page and project list screen 

  

Image source:  (UNISDR Asia Partnership, 2013b) 

Table 2: DRR Project Portal data described using statistics 

Column heading Used to describe 
Start and End Dates  • Earliest start dates (year) and end dates (year) on record 

• Number of DRR projects with and without a specified date 
Hazards • Kinds of hazards addressed by DRR projects 

• Number of hazards addressed by DRR projects  
HFA Priorities • HFA priority for action addressed by DRR projects 
Countries • Countries and number of DRR projects implemented in it (Top 10) 

Source: Authors 
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4.3 Data analysis methods 

This section explains the data analysis methods used in the study and the SNA tools used to map, 

analyse, visualize, and explore networks. The methods include (i) descriptive statistic of DRR 

Project Portal data, (ii) descriptive statistics of SNA data, (iii) and network visualization and 

exploration.  

4.4 Social network analysis (SNA) tools 

The researchers used Gephi version 0.9.1 to visualise the network analyse its structures and 

properties. Gephi provides a statistical framework, state-of-the-art layout algorithms, and an 

interactive platform to analyse type and sizes of networks (Bastian M. et al., 2009). Furthermore, it 

enables researchers to run standard metrics for SNA, adjust layout settings, apply different filters, 

and more (Gephi.org, 2016).  

5 Description of DRR Project  

In this study, the scope refers to the dates of DRR projects included in the study. Out of 1,274 DRR 

project entries, 97% of the entries had a recorded start date and 87% of the entries had a recorded 

end date. The earliest start date on record is 1986 and latest start date on record is 2013. While 

earliest end date on record is 1999 and the latest end date on record is 2019 (on-going). 

3% or 39 out of the 1,274 DRR project entries have no specified start date. The numbers of DRR 

projects grouped by start date (year) are shown in Figure 3. According to the data, 65% of DRR 

projects in Asia-Pacific started between the years 2007 to 2011. Relatively few DRR projects on 

record started before 2004 (Figure 3a). This is perhaps because the DRR Project Portal was mainly 

set-up to capture and share information on HFA 2005-2015 related projects. Relatively few DRR 

projects were recorded after 2012 due to the end of updates.  

The 16 kinds of hazards addressed by DRR projects included in the list are shown in Figure 3b. 

According to the data, the top five hazards addressed in the region are: Flood representing 11% of 

the total, followed by Cyclone representing 9% of the total, followed by Drought representing 8% of 

the total, followed by Landslide representing 8% of the total, and finally Earthquake representing 

7% of the total. Storm surge and Tsunami fall behind Earthquake but the differences between the 

three are not significant. It appears that most DRR projects addressed hazards that were hydro-

meteorological and geophysical in nature. 
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Figure 3 DRR Project Profiles 

Figure3a : Number of DRR project and start  year Figure3b. Breakdown of DRR projects based on kinds 

of hazards addressed 

  

Figure3c: Breakdown of DRR projects based on number 

of hazards addressed 

Figure3d: Breakdown of DRR projects based on HFA 

PFA supported 

  

Figure3e. DRR Project –by country  
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The shares presented are indicative of proportions only. There are DRR projects that addressed 

two, three, four, five or more hazards at a time as shown in Figure 3c. Out of the 1,274 projects, 407 

entries or 32% of the total did not specify the hazard or hazards addressed. According to the data, 

projects that addressed five or more hazards has the highest share representing 25% of the total. It 

is followed by projects that addressed one hazard representing 22% of the total. This is then 

followed by projects that addressed two hazards and four hazards representing 8% of the total 

each. Finally, it is followed by projects that addressed three hazards representing 5% of the total. 

Without considering those with missing data, the results suggest that most of DRR projects either 

addressed one hazard or five or more hazards.  

The DRR Project Portal was a project of the IAP working group formed to provide regional 

consultation and technical support in implementing the HFA 2005-2015. As discussed, the web-

based information sharing resource was primarily developed to track and report on projects 

supporting HFA priorities for action (PFA).  

According to the data (Figure 3d), projects that supported two or more HFA priorities have the 

highest share representing 44% of the total. Next, projects that supported HFA 3 only represent 8% 

of the total. Then, projects that supported HFA 1 or HFA 4 only represent 7% of the total each. 

Finally, projects that supported HFA 5 or HFA 2 only represent 6% and 5% respectively. HFA 3 

seems to have the highest share and refers to the “use knowledge, innovation and education to 

build a culture of safety and resilience at all levels”. HFA 2 seems to have the lowest share and 

refers to “identify, assess and monitor disaster risks and enhance early warning”. Overall, it appears 

that there is no significant difference between the HFA PFA supported by DRR projects. However, 

there seems to be a tendency for projects to support more than one HFA PFA. Out of the 1,274 

projects, 302 entries or 24% of the total did not specify the HFA PFA it supported (Figure 3d).  

6 Findings of the Network Analysis 

6.1 Size of the organizational network 

We carry out a macro-level analysis to explore the ways organizations are embedded in the 

network, the ways they are interconnected, and the overall patterns that emerge from their 

relations.  

We consider the size of the organizational network based on the total number of nodes and links to 

grasp how small or large it is. The nodes represent donors, lead organizations, partner 
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organizations, country (recipient governments), and projects. The links represent organizational 

interconnections. The total number of nodes of the organizational network being studied is 2,326, 

while the total number of links is 8,145.  

We also consider the network diameter, an indication of how integrated a network is and how quick 

diffusion occurs in a network (Barabási, 2014). The farther a node has to travel to another node, the 

lower the level of integration in the network and the slower diffusion occurs across the network 

(Scott & Carrington, 2011). The graph distance report shows a diameter of 10. This suggests that a 

given organization in the network has to traverse at least 10 organizational links in order to travel 

across the entire network. 

We consider the average path length to gauge how short the path is between all pairs of nodes in 

the network. The average path length is an indication of how close nodes are from each other in the 

overall structure (Barabási, 2014). The closer a node is to another node, the higher the level of 

integration in the network and the faster diffusion occurs across the network (Scott & Carrington, 

2011). The graph distance report shows an average path length of 4.115. This suggests that, on 

average, a given organization has to traverse around 4 organizational links to reach another 

organization. 

Table 3: Summary - organizational network properties 

Size of organizational network 
Total number of nodes 2,326 
Total number of links 8,145 
Type of network Directed 
Network diameter 10 
Average path length 4.115 
Connectivity of organizational network  
Network density 0.003 
Average degree (network) 3.502 
Modularity of organizational network  
Weakly connected components 1 
Strongly connected components 1,296 
Modularity 0.560 
Communities (sub-networks) 12 

 

When we compare the network diameter and average path length to the size of the organizational 

network, we could sense the scale of the network (Table 3). Scale refers to how “coherent” and 

“reachable” a given network is (Barabási, 2014). Overall distances between nodes as reflected by 

results are rather high. This indicates that the overall structure of the network is somewhat sparse 
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which in turn restricts a given organization from efficiently reaching other organizations in a 

shorter path. This indicates a relatively high “cost” of connections in the organizational network.  

6.2 Connectivity of the organizational network  

The connectivity of a network refers to the degree to which the overall structure is connected. The 

network density describes the part of potential connections in a network that are actually 

connected. Results show a low 3% network density. The average degree of a network also considers 

the overall connectivity of network. The degree report shows an average degree of 3.502. These 

findings suggest that 97% of potential connections in the network are not realized and the links of 

nodes are rather limited on average. 

6.3 Modularity of the organizational network  

The modularity of a network refers to the ways networks are compartmentalized into sub-

networks. Assessing it gives an understanding of the network’s overall structural patterns of 

connections. 

We consider the number of connected components to understand how integrated or fractured the 

network is. The connectedness of a network refers to whether there is a path, instead of whether 

there is a link, between all the nodes (Scott & Carrington, 2011). The connected components report 

show that it is equal to 1 which indicates that the organizational network’s overall structure is fully 

connected (Table 3). This suggests that there is a path for every organization to any other 

organization in the network when the direction of links is not considered.  

We also consider the modularity of the network to understand how well a given network 

decomposes into sub-networks and how its internal structure is compartmentalized into sub-

networks. The modularity report shows a modularity of 0.560 which indicates that the division 

between sub-networks is quite strong (Table 3). This suggests that nodes within a given sub-

network tend to have dense connections between them but have sparse connections with nodes in 

different sub-networks. The modularity report also shows 12 communities detected in the 

organizational network (Table 3). This suggests that there are 12 sub-networks having common set 

of properties, possessing shared attributes or relating to each other in a similar manner. 

6.4 Micro-level analysis: Nodes and links overview 

We proceed with analysing the organizational network behind DRR projects in the Asia-Pacific from 

a micro-level. This enables us to examine both the organizations and organizational ties to 

understand who are supporting or working together on what and where. Studying the nodes and 
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links of a network is a critical aspect in social network analysis because it is the local connections 

and interactions that give shape to the overall network’s structure and that influence ways it 

functions and behaves (Christakis & Fowler, 2010). 

We apply micro-level measures in two ways. First, to evaluate how significant and/or influential an 

organization type is within the network. The 13 organization types are shown in Table 4. Second, to 

evaluate how significant and/or influential a particular organization is within the organizational 

network.  

Table 4: Organization type codes 

Code Organization types 
1 Bilateral donor governments 
2 Recipient governments 
3 Intergovernmental forums and organizations 
4 International financial institutions and multilateral 

development banks (IFIs and MDBs) 
5 United Nations (UN) 
6 Global facilities 
7 International Red Cross Red Crescent Movement 
8 International NGOs 
9 National / local NGOs 
10 Civil society organizations (CSOs) 
11 Faith-based organizations (FBOs) 
12 Knowledge networks and universities 
13 Private sector 

 

6.4.1 Degree and betweeness centrality measures of organizations 

Degree refers to the number of links of a given node regardless of direction. It measures how much 

connections a given organization has compared to others in the network. Organizations with high 

degrees are considered significant with the assumption that more interconnections indicate 

frequent involvement in DRR projects. 

In-degree refers to the number of incoming links to a given node (Scott & Carrington, 2011). It 

measures how much connections lead-in to a given organization compared to others in the 

network. Organizations receiving more links are considered significant with the assumption that 

they are more engaged and relatively able to acquire support from others with regard to DRR 

projects since many seek to direct connections to them. 

Out-degree refers to the number of outgoing links to a given node (Scott & Carrington, 2011). It 

measures how much connections lead away from a given organization compared to others in the 
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network. Organizations sending out more links are considered significant with the assumption that 

they are actively participating in DRR projects and relatively able to reach more in the network. 

Betweeness centrality refers to the number of times a node appears on shortest paths between 

nodes in the network. It often used to evaluate and quantify the importance of a given node within a 

network (Scott & Carrington, 2011). It measures how critical an organization is to the network’s 

function. This is determined based on its role as a bridging point between organizations that are not 

connected to each other. An organization is considered important in the network if it often bridges 

other organizations or groups of organizations. 

Table 5 shows the overall degree and betweeness centrality measures of each organization type.  

Table 5: Organization types and network characteristics  

Organization type Degree In-degree Out-degree 
Betweeness 
centrality 

Recipient governments 4115 4014 101 0.0276 

Knowledge networks and universities 1125 675 450 0.2827 

International NGOs 865 482 383 0.1053 

United Nations (UN) 901 423 478 0.3249 

International Red Cross Red Crescent 
Movement (IRCRCM) 

350 215 135 0.0824 

Intergovernmental forums and organizations 661 202 459 0.1744 

National / local NGOs 162 148 14 0.0009 

International financial institutions and 
multilateral development banks (IFIs and 
MDBs) 

365 123 242 0.1274 

Bilateral donor governments 884 118 766 0.1502 

Faith-based organizations (FBOs) 210 107 103 0.0248 

Private sector 148 57 91 0.0016 

Other civil society organizations (CSOs) 54 34 20 0.0017 

Global facilities 156 25 131 0.0233 

 

It is not surprising that recipient governments have the highest degree and in-degree. These 

countries tend to be beneficiaries and/or participants of DRR projects. They are the nexus where 

different stakeholders collaborate in and where their various resources converge. Since the 

network of interest focuses on coordinating and funding relationships, conventional donors such as 

the UN, bilateral donors, INGOs, and intergovernmental organizations also have relatively high 
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degrees and in-degrees. They tend to be the principal repositories of funds giving them control of 

where resources are channelled. This gives them the choice of who to involve in DRR projects and 

how to involve them giving them considerable influence over coordination.  

It is remarkable to see that knowledge networks and universities has the second highest degree and 

in-degree. This suggests research institutes, universities, knowledge sharing centers and the like 

were heavily involved in the region’s DRR projects. One explanation for this is the adoption of HFA 

priorities for action (PFA). HFA 3, the most frequently addressed PFA in the DRR project list, refers 

to the “use knowledge, innovation and education to build a culture of safety and resilience at all 

levels”. Their key role and major contributions in knowledge creation, diffusion, and preservation 

make them relevant in achieving PFAs. 

Bilateral donors appear to have the highest out-degree followed by the UN and intergovernmental 

organizations. This indicates that majority of DRR project funding come from the public sector and 

that government-to-government funding may be the dominant mode for providing aid and 

assistance in the region. Another thing to note is that bilateral donors have relatively low in-degree 

compared to its degree and out-degree. This suggests that connections and interactions with 

bilateral donors are not directed to them per se but to other organizations they are member of such 

as the UN and intergovernmental organizations. 

The UN system appears to have the highest betweeness centrality among all organization types. 

There are three possible explanations. First, a main function of the UN is to promote international 

cooperation. It was established to act as an intermediary between nations and other organizations 

involved in its affairs which includes DRR. Second, since it assumes brokerage roles, a significant 

portion of the organizational network’s resources flow through it (e.g. funding, information). Third, 

it follows that the functioning of the organizational network considerably depends on the UN 

serving as a bridge to other organizations in the network. These explanations also seem applicable 

to other types that have relatively high betweeness centrality such as intergovernmental 

organizations, bilateral donors IFIs and MDBs but perhaps on a different scale (e.g. global versus 

regional) and mode (e.g. aid and assistance versus grants and loans). This suggests that diplomatic 

relations between governments are essential to the functioning of the DRR organizational network. 

We observe that knowledge networks and universities has the second highest betweeness centrality. 

Together with its relatively high out-degree, we assume they are critical to the development and 

flow of certain resources needed to design, plan, implement and monitor DRR projects. Knowledge 

networks and universities are often responsible for creating knowledge. They are also naturally 
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positioned to disseminate and manage knowledge which makes them both the source and conduit. 

Another possible explanation is that information is usually diffused through knowledge networks 

and universities not only because of teaching expertise but also perhaps to achieve efficiencies and 

economies of scale.  For instance, it would be more cost effective and practical to invite country 

DRR and management representatives to a joint-training session at knowledge sharing and training 

centers (e.g. ADPC) rather than run various sessions in each country at different times.  

The engagement and participation of national and local actors and communities are critical to the 

success of DRR projects and key to humanitarian effectiveness because of their contextual 

understanding and social capital (IFRC, 2015). They also tend to be the first responders when crises 

or disaster strikes because of their proximity and often present before and after the impact (IFRC, 

2015). However, we observe that national / local NGOs and CSOs have relatively very low out-

degree and betweeness centrality. This indicates that they are the least critical to the DRR project 

coordination and funding functions of the organizational network. It also suggests that national and 

local actors have the least influence and shortest reach among all organization types within the 

network. 

Table 6, 7 & 8: Organizations (top 1%) and their degree (descending order), in-degree 

(descending order) and out-degree (descending order) measures 

Organization (Top 1%) Degree Organization (Top 1%) In-
degree 

Organization (Top 1%) Out-degree 

ADPC Asian Disaster 
Preparedness Center 

480 ADPC  277 ECHO  287 

UNDP United Nations 
Development 
Programme 

384 UNDP  189 ADPC  203 

ECHO European 
Commission 
Humanitarian Aid & Civil 
Protection 

294 Viet Nam 169 UNDP  195 

DFAT/AUSAID 
Department of Foreign 
Affairs and Trade / 
Australian Agency for 
International 
Development 

180 Indonesia 164 DFAT/AUSAID  164 

WB World Bank 173 Bangladesh 164 WB  114 

Government of Viet 
Nam  

169 Nepal 149 USAID/OFDA 93 

Government of 
Indonesia 

164 Thailand 143 ADB  91 

Government of 
Bangladesh 

164 Philippines 138 DFID UK Department for 
International 
Development 

73 

ADB Asian Development 
Bank 

155 Cambodia 125 UNISDR United Nations 
International Strategy 

57 
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for Disaster Reduction 

Government of Nepal 149 India 122 NSET 43 

Government of Thailand 143 Fiji 116 CIDA Canadian 
International 
Development Agency 

40 

Government of the 
Philippines 

138 Lao PDR 114 GFDRR Global Facility 
for Disaster Reduction 
and Recovery 

40 

SOPAC Applied 
Geoscience and 
Technology Division 
(SOPAC) of the 
Secretariat of the Pacific 
Community (SPC) 

127 Cook Islands 111 ICIMOD International 
Centre for Integrated 
Mountain Development 

39 

Government of 
Cambodia 

125 Solomon Islands 106 SDC Swiss Agency for 
Development and 
Cooperation 

37 

Government of India 122 Vanuatu 100 NZAID New Zealand's 
International Aid & 
Development Agency 

37 

Government of Fiji 116 Pakistan 95 GEF Global Environment 
Facility 

35 

Government of Lao PDR 114 SOPAC  94 SOPAC  33 

Government of Cook 
Islands 

111 Papua New Guinea 94 EDF European 
Development Fund 

33 

Government of Solomon 
Islands 

106 Sri Lanka 87 UN-HABITAT United 
Nations Human 
Settlements Programme 

32 

Government of Vanuatu 100 Tajikistan 86 AIDMI All India Disaster 
Mitigation Institute 

28 

USAID/OFDA United 
States Agency for 
International 
Development / Office for 
US Foreign Disaster 
Assistance 

99 Tonga 85 IFRC International 
Federation of Red Cross 
and Red Crescent 
Societies 

28 

NSET National Society 
for Earthquake 
Technology 

95 Samoa 83 Government of Japan 27 

Government of Pakistan 95 China 77 ASEAN Association of 
Southeast Asian Nations 

27 

 Total 3,803  Total 2,888 Total 1,756 

 

Table 9 Organizations (Top 1%) and their betweeness centrality (descending order) 

Organizations 
Betweeness 
centrality 

ADPC 0.1871 

UNDP 0.1843 

ADB 0.0746 

ECHO 0.0678 

SOPAC 0.0677 

WB 0.0528 

UNISDR 0.0457 

USAID/OFDA 0.0425 
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DFAT/AUSAID 0.0404 

NSET 0.0392 

IFRC 0.0251 

ASEAN 0.0176 

UN-HABITAT 0.0168 
NEP-RC 
Nepal Red Cross Society 0.0158 
NET-RC 
Netherlands Red Cross 0.0135 
EMCI 
Emergency Management Cook Islands 0.0130 

GEF 0.0122 

NZAID 0.0115 

ICIMOD 0.0111 

UNOCHA 0.0109 

CARE 0.0095 
OXF-GB 
Oxfam GB 0.0094 

UNICEF 0.0093 

 Total 0.9778 

 

6.4.2 Degree and betweeness centrality analysis of the network visualization 

Exploring network visualizations allow researchers to model, represent and interact with network 

representations. It enables researchers to study the network structure (i) to recognize the different 

components of the network, (ii) to discover patterns, and reveal features, (iii) and to gain insight on 

the underlying dynamics of the network. Network visualizations are also used compliment 

traditional statistics by facilitating the interpretation of network data through visuals.  

6.4.2.1 Degree 

In the graph, the nodes are ranked by degree and indicated by size. The bigger the node, the more 

links it has relative to the others as shown in Figure 4. We observe that while recipient governments 

remain the majority, the most connected are conventional donor organizations such as UNDP, 

ECHO, DFAT/AUSID, and the WB. We also observe that ADPC from the knowledge network and 

universities group has the highest degree. 

 

 

 

 

Figure 4: Degree analysis   



       21 
 

 

 

DRR projects 
Recipient governments 
Knowledge networks and universities 
International NGOs 
National / local NGOs 
Bilateral government donor 
Private sector 
FBOs 
UN 
International Red Cross Red Crescent Movement 
CSOs 
Intergovernmental forums and organizations 
IFIs and MDBs 
Global facilities 

 

Being the most connected in the network is not always advantageous or beneficial, it depends on 

the context (e.g. spread of information versus spread of disease) (Christakis & Fowler, 2010). But in 
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this study, the assumption is that actors with more links are relatively advantaged because they 

have access to alternative or multiple ways to achieve their goals (Scott & Carrington, 2011). Since 

ADPC, UNDP, ECHO, DFAT/AUSID, and the WB are more connected that the others, these 

organizations may have more resources to tap into and more means reach others. We can see in 

Figure 4 the large extent of links of these organizations spanning across the network making them 

relatively able to circulate themselves indicating their capacity to influence others in the network.  

6.4.2.2 In-degree and out-degree 

In the graph, in-degree and out-degree links are represented by directed arrows. The bigger the 

node, the more connections the organization is receiving or sending. The bolder the arrow, the 

more frequent the interaction.  

We observe again that recipient governments have the highest in-degree. We also observe that most 

of the top 10 countries are from Southeast Asia (SEA) and some from South Asia.. This is perhaps 

because several SEA countries are located within major typhoon tracks and lie along the pacific ring 

of fire. Results show that ADPC, UNDP, Viet Nam, Indonesia, and Bangladesh receive the most 

incoming links in the network. A high in-degree may be regarded as a measure of significance 

because it suggests that many in the organizational network seek to directly connect and interact 

with the said organizations. However, it could also indicate that dependencies exist or there is an 

external reliance on other organizations in the network (Scott & Carrington, 2011).  

As expected, we observe that conventional donor organizations have the highest out-degree. ECHO, 

ADPC, UNDP, DFAT/AUSAID, and the WB send out the most outgoing links in the network. One 

possible explanation for the high out-degree of ECHO is that it may have to exert more effort to than 

others to maintain ties with Asia-Pacific countries because of its geographical distance to the 

region. The same may apply for USAID/OFDA, DFID-UK, and SDC. Active networkers are significant 

in the network because they represent organizations that most often allocate resources and direct 

efforts of DRR projects in the region. 

In this study, the directed links mostly refer to funding of DRR projects. For instance, we see that 

ECHO, DFID-UK, UNISDR regularly directs funds to UNDP. We can also see that UNDP, DFAT/AUSAID, 

USAID/OFDA regularly directs funds to ADPC. However, we also observe some organizations with 

directed links related to coordination of DRR project. For example, UNDP has a higher out-degree 

than UNISDR. UNDP is also in the top 1% for overall degree and in-degree while UNISDR is not on 

those lists. One explanation for this is because UNISDR’s work focuses on advocating, campaigning, 
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and informing the wider public about DRR. It coordinates DRR at the UN-level such as DRR-related 

conferences, frameworks, and platforms. While UNDP plans and implements projects including 

those that address climate change and disaster resilience. 

The distribution in out-degree measures are not as sparse as those in degree and in-degree 

measures. This suggests that the diffusion of information or exchange of resources within the 

organizational network could get a hold of many and could occur quickly (Scott & Carrington, 

2011).  

6.4. Betweeness centrality 

Betweeness centrality measures identify the organizations that are relatively able to control the 

allocation of resources, to decide where to direct efforts, to establish partnerships, and to facilitate 

coordination among organizations. Just 23 organizations account for around 73% of the total 

betweeness centrality of the network (Figure 5). Their very significant share suggests that 

organizations in the top 1% are not only the most critical to the functioning of the network but also 

where most power, in the context of DRR coordination and funding, is concentrated. Results 

indicate that there are very large power distances within the organizational network and it is only 

held by very few organizations.  

We observe that ADPC, UNDP, ADB, ECHO, SOPAC, WB and DFAT/AUSAID have the highest 

betweeness centrality in the network. Given the coordinating and funding roles conventional donor 

organizations assume, it is not surprising to see like organizations ranking high. ADPC tops the list 

and this is perhaps linked to observations as to why knowledge networks and universities have 

relatively highest betweeness centrality as explained in the previous section. SOPAC also shows a 

relatively high betweeness centrality score. This is perhaps because SOPAC was the principal 

scientific and technical organization in the Pacific, making it a bridge and focal point for DRR 

projects in 26 countries and territories in the region. We observe again that specific national and 

local actors have relatively low betweeness centrality measures. 

 

Figure 5 Betweeness centrality – Partitioned by organization type   
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7. Discussion and Final Remarks 

Recent international responses to disaster risks show new modes of disaster risk governance 

structures characterised by wider networks of connected actors and denser global-local 

interactions (Lassa 2011, p. 34). The data from this research (Section 6.2) suggests that the world of 

DRR is more connected as an ecosystem than we think before. We observe that the organizational 
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network has no separate components which mean that there is a path from one organization to any 

other organization. While organizational links is not present between every organization, all 

organizations are connected to the network somehow. This suggests that no organization is truly 

left out and out of reach. We can assume that there is a way for all organizations in the network to 

coordinate in DRR projects within the region. 

For instance, ADPC serving as a learning hub enables it to reach farther in the network using 

shorter paths. This reduces the “cost” of connections to Southeast Asian countries. UNDP’s scope of 

work is arguably one of the broadest in the UN system: sustainable development, democratic 

governance and peacebuilding, and climate and disaster resilience.  

We observe from the organizational network the presence of organizations with relatively very 

high degree (e.g. ADPC, UNDP, ECHO). We previously explained that these organizations are 

significant and influential because they tend to have multiple and alternative ways to achieve their 

goals. We also observe from the organizational network the presence of organizations with 

relatively very high betweeness centrality (e.g. ADPC, UNDP, ADB,). We also previously explained 

that these organizations are dominant and powerful because it appears that they tend to control 

resources and direct efforts of DRR projects in Asia-Pacific.  

In a world that is becoming increasingly interconnected, organizations with many connections may 

get more connected while organizations with few connections may get lesser connections. This 

leads to the status quo where those more connected will most likely become more central in the 

network. As a result, they will likely be in advantageous positions that allow them to access more 

opportunities in network. This refers to the power law or “the rich get richer” dynamic (Barabási, 

2002). On one hand, when organizations become more central, others connected to them becomes 

more central because it shortens the path one needs to traverse to move around the network. On 

the other hand, this raises a concern about positional inequality.  

Not all countries are equally benefiting from DRR incentives created by the projects. And 

instestingly, international DRR projects do not always follow the level of risk but shaped more by 

either existing cooperation or the nature of the recipients and donors. However, not all social actors 

are in the best position to capture these benefits so we need to ask how can we make it more 

accessible and available to others (Christakis & Fowler, 2010). Transforming the structure social 

network is impossible unless the nature of the network is understood.  
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We observe from the network that national NGOs and CSOs have relatively low degrees and very 

low betweeness centrality compared to the different organization types. This provides evidence to 

IFRC’s report that although local actors are often the most effective in conducting operations, they 

struggle to attract the funding and support they need (IFRC, 2015). We can observe from the 

organizational network that most are at the periphery represented by small nodes indicating that 

they are disadvantaged by position. Christakis & Fowler (2010) argues to reduce poverty or 

vulnerability, we need to help the poor and most vulnerable form new relationships with other 

members of society rather than just offering monetary transfers or providing technical training. 

Similarly, the organisations with high degree and betweeness centrality need to help local actors 

form and maintain relationships that will improve its position in the network. Each link offers 

opportunities to influence and be influenced (Christakis & Fowler, 2010).  

This paper attempts to address the question “how organisations involved in DRR projects in the Asia-

Pacific function?” by directing the discussion towards the structure of the graph. In particular, it 

addressed the challenges and opportunities faced by network actors embedded in it. While the 

structure of the graph could provide important insights on ways organizations connect and interact 

with other organizations, it does not claim to explain other possible reasons organizations function 

the way they do (e.g. foreign affairs policy) nor does it attempt to assess their intentions. 

8. Final Remarks 

The nature of the organizational links can be explained as a networked ecosystem as we highlighted 

in the introduction.  DRR governance can also be seen as an ecosystem which comprises of network 

of organisms that interact in an ecosystem ranging from local to national levels and across state and 

non-state actors. The ecosystems approach allows policy makers to view all stakeholders as a 

connected system where each component interacts with other components. Every organism or 

organisation in that ecosystem has a role to play in reducing disaster risk. Government 

organisations and institutions (such as relevant national ministries and disaster management 

authority) are equally important as other stakeholders including civil society, sub-national 

governments, the private sector and other parties including international humanitarian 

communities. Ultimately, grassroots organisations are integral part of a DRM ecosystem (DFAT 

2018, Lassa 2018) 

Reducing and managing disaster risks require building partnerships, directing efforts, and 

allocating resources. All of which necessitates good disaster risk governance that is inclusive, 

collective, efficient and transparent. It is therefore important to consider the complexities of 
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disaster risk governance and various ways in which social, political, and economic dimensions 

connect and interact in disaster risk reduction and management. We need to identify key 

organizational actors in DRR and start filling in the links between them first. Only then can we start 

to comprehend and appreciate the structure and dynamics of organizational networks in DRR. And 

only after then can we apply our understanding and ideas to enhance or reform the functioning of 

organizations involved in DRR projects with the end of improving lives and livelihoods of disaster-

prone populations and securing their properties and assets. 

9. Limitations of the research and recommendations 

Not all organizations that worked in and within the region in the same time frame made use of the 

information-sharing resource even though the objective of the development of the DRR Project 

Portal is to capture who is working on what and where in the Asia-Pacific. Since the DRR Project 

Portal was an initiative of the ISDR Asia Partnership, it can be fairly assumed that most of the 

entries are projects of the working group members themselves (e.g. UNISDR, ADB, ADPC) or by 

those associated with them. Thus, organizations in the DRR Project Portal may not be 

representative of the larger regional DRR community.  

Our study was designed to be an exploratory SNA research project. In order to scope out the extent 

and magnitude of the phenomena of interest, the researchers decided to use all the data that was 

available in the DRR project list. It was helpful in generating initial ideas about the organizational 

network behind DRR projects in Asia-Pacific as starting point. But it also limited the ability of 

researchers to do a deeper analysis due to the variety of data. To undertake more extensive studies, 

the researcher suggests to lessen the spatial and temporal boundaries of the organizational 

network. For instance, studies could focus on particular sub-regions in Asia-Pacific (e.g. Central 

Asia, Southeast Asia) to lessen variability of data and enable meaningful comparative analysis. It 

might also be useful to perform a study on the organizational network from 1994 to 2004 

(Yokohama Strategy-related projects) and another study from 2005 to 2015 (HFA-related projects) 

to identify and assess trends in structural patterns. Further studies could also focus on specific 

organizational types such as INGOs and National NGOs. Exploring the structures and dynamics 

between the two could provide novel insights as to how organizational networks can be used to 

achieve greater recognition and more equal partnerships for local actors. 

The study only carried out a static analysis of the organizational network. However, real-world 

networks like what is considered in this study are dynamic in nature. It changes and evolves over 

time - some organizations may join in, some organizations may pull out, some organizational links 
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may be built and maintained, while some may be lost. To capture the element of time, the 

researcher suggests that future studies carry out a dynamic analysis of the organizational network.  

Finally, organizations involved in DRR make up a larger social DRR system, which at the moment, 

there seems to be little understanding of. Because organizations are heavily involved in DRR, the 

way DRR is approached could be influenced by various organizational factors not covered in this 

study. Hence, the researchers suggest that future studies incorporate such factors in the analysis of 

organizational networks. 
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