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Forest fire was a persistent concern management in conservation areas of Mount Ciremai National Park (MCNP) 
and Kuningan Botanical Garden (KBG). Many of the forest fire was sparked by anthropogenic ignitions like careless 
fire use for extracting forest honey. This study aims to map multi stakeholder roles on fire management in 
conservation areas. Twenty-seven actors were interviewed to learn who are the fire actors and network. These multi 
stakeholders included government officials, local businessmen, non-governmental organizations and community 
members. Study site and data collection were carried out in seven villages around conservation areas from July to 
September 2019. The relationships between the actors were analyzed with the software Node XL Basic and Gephi 
9.0.2 using the Social Network Analysis. Our results identify close relationships and strong connections to all actors 
of more than half (63.2%) but social or personal approach between all actors were still required. Head of MCNP, 
Head of KBG and Head of AKAR (Aktivitas Anak Rimba) acted as the important actors. To prevent the area from 
further fire occurrences, management authorities should establish mutual confidence and make other actors believe 
that heads of conservation areas are a solid team to prevent conservation areas from burning.
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Introduction
Fire is one of the most frequent disturbance in Indonesian 

conservation areas, particularly during the dry season 
(Whitmore, 1988; Purnomo et al., 2017). Wildfires have 
significant environmental effects, including a reduction in 
biodiversity and soil fertility, leading to micro and global 
climate change. Additionally, the smoke from the fires had 
numerous negative socio-economic impacts, affects public 
health such as respiratory disorders, harmful to land, water 
and air, also disrupts the political relationships both 
nationally and internationally (Pinto et al., 2017; Purnomo et 
al., 2017; Rosales-Rueda & Triyana, 2018). Even fire in the 
conservation area of the United States and Indonesia might 
be misinterpreted and damage institutional cultures with 
different sets of wildfires or wildfire management motives 
(Fischer et al., 2013; Panjaitan et al., 2019).

The availability of fuel, the atmosphere, and the caused of 
ignition influence the incidence of fire. In addition to 

landscape as an abiotic factor, other abiotic factors such as 
topography, vegetation and climate have been established to 
assess spatial fire patterns (Febriandhika et al., 2018). 
Besides abiotic factors, the main cause of Indonesia's forest 
fires is the close link between poverty and fire at the village 
next to conservation area (Edwards et al., 2020). Many of the 
fire in China's forest was triggered by anthropogenic 
combustion, which was closely linked to residential 
distribution and development modes (Tian et al., 2013). The 
density of fires near human settlements is high although 
overall contribution of fires near settlements is low in 
Indonesia (Cattau et al., 2016). Community settlement near 
fire areas is at risk of significant losses such as burnt houses 
and property. For example, forest fires in Australia caused 28 
people to die and 3000 homes were  destroyed or damaged 
from July 2019 to January 2020 (Yeung, 2020).  Fires have 
also recurred in ​​the Mount Ciremai National Park (MCNP) 
and Kamojang Crater Nature Reserve (KKNR) conservation 
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areas in Java, Indonesia, causing ecological and economic 
losses. The reason of fire in the MCNP and KKNR 
conservation area in West Java is human activities such as 
agricultural land preparation, sand mining, and illegal bird 
poaching (Hadiprasetya, 2009; Lestari et al., 2019). 
Significant losses and the negative impacts of forest fires 
would elicit strong and severe reaction from Indonesian 
policymakers (Panjaitan et al., 2019).  The government of 
Indonesia must consider the impact of fires by developing an 
air quality warning system to limit exposure to air pollution, 
especially for young children and expectant mothers 
(Rosales-Rueda & Triyana, 2018). Local community 
participation has become one of the alternative solutions to 
fire danger in Australia and Switzerland, but more support 
and hard work is still needed to win community to mitigate 
the fire (Eckerberg & Buizer, 2017). 

Kuningan Regency, West Java, has two conservation 
areas, including MCNP as an in-situ conservation area and 
Kuningan Botanical Garden (KBG) as an ex-situ 
conservation area. Both conservation areas were located side 
by side, but with separate management authorities. MCNP is 
managed by the Ministry of Environment and Forestry 
(central government) and KBG is managed by the Kuningan 
Regency Environmental Agency (local government).  All 
conservation areas have a history of frequent fires which 
becomes an annual problem for management authorities. 
Panjaitan et al. (2019) suggest that, although there was a 
major interaction between the role of central and local 
government to govern forest fire prevention, forest fires still 
occur every year in the conservation areas. Therefore, multi 
stakeholders are needed to work together to minimize forest 
fire. 

The multi stakeholder updates their values and behavioral 
goals through social interaction, which in turn affects how the 
social group adapts to their environment (Fischer et al., 
2013). The distance from community settlement also has an 
effect on fire severity. Most of the people who live around 
conservation areas want to be involved in management to 
sustain their economy. Utilizing spatial trend analysis, a 
research in China found that forest fires mostly occurred in 

2sparsely populated areas of over 100 people km  and less than 
1 km away from resettlement to conservation areas (Tian et 
al., 2013). On the other hand, Cattau et al (2016) stated that 
relatively few hotspots are located in 5 km of settlement in 
Indonesia, but it is possible that other types of land use 
contribute substantially to the fire landscape. In addition, 
stakeholders promote discussion of diverse landscapes 
(Fischer et al., 2013). Multi stakeholders have an important 
role in raising potential fire danger. Therefore, there is a 
needto map these stakeholder positions. Social Network 
Analysis (SNA) is a valuable method to analyze multi 
stakeholder mapping functions and flow structure. SNA 
provides quantitative measurements of the presence, 
directionality, and strength of relations between the actors in 
the network and opportunities for knowledge or services 
exchange (Wasserman & Faust, 1994). A social network 
consists of a finite group of actors and their relationships or 
partnerships. Social networks are a particular form of social 
capital that individuals can employ to enhance their 
advantages and opportunities (Scott, 2017). SNA is a study of 

Methods

social structure and growth from a relational perspective to 
define and draw analysis of inter-firm relationships that form 
the inferences of project coalition (Pryke, 2004; Lovric et al., 
2018). 

Descriptive SNA indices to analyze the overall structure 
of the network and the role of key actors in identifying the 
two main focus areas of networks and the actors or nodes. 
Actors or individuals who live around these two 
conservation areas are considered to have strong relationship 
related to conservation areas management. SNA portrayed 
the mapping and measuring of relationships and flows 
between individuals, groups, organizations, or societies 
(Wasserman & Faust, 1994; Milovanović et al., 2019). The 
actors in SNA portray as a network of permanently connected 
nodes or transitory configurations. Such node networks are 
connected by relational links which could take several forms 
(Wasserman & Faust, 1994). A significant action to explain 
in terms of their place within the relationship network is to 
map the role of the actors using SNA in reducing fire in 
conservation area research. The principal method built to 
research control through SNA is the idea of centrality. 
Degree, closeness, and betweenness centrality characterize 
actors locations in terms of how close they are with the center 
of a network activity (Purnomo et al., 2017). The meanings of 
single centrality have been defined as a degree centrality 
referring to the number of nodes connected to an 
organization. This measure considers both out-degree (the 
number of going to other nodes) and in-degree (the number 
of incoming edges), since the network graph is directed. As 
they are in touch with many others, nodes with a high degree 
centrality could be considered well connected (Giurca & 
Metz, 2018). Closeness centrality tests the number of steps 
(tasks/ relations) required for a given actor to reach any other 
actor in the network. Betweenness centrality tests to what 
degree a particular node lies on the shortest paths between 
many other nodes in the graph (Freeman, 1977). The more 
paths on a node means a node has become more significant 
than others (Hadiana & Witanti, 2017). The aim of this study 
is to map multi stakeholder roles on fire management in 
conservation areas.

Since the number of actors was not definite (Manik et al., 

 This study was done in a qualitative manner of the actors 
to describe the daily activities in accessing the social, human, 
financial, physical, and natural capital. Meanwhile, the data 
was collected through in-depth interviews, observations, and 
document studies. The study equipment required map of 
villages around conservation areas, demography data, 
questioner sheets, and voice recorders. Field data were 
gathered as study sites from seven villages in three sub-
districts in Kuningan Regency, West Java Province. 
Padabeunghar, Kaduela, and Pasawahan Villages are in 
Pasawahan Sub-district; Cibuntu, Trijaya, and Seda Villages 
are in Mandirancan Sub-district; and Setianegara Village in 
Cilimus Sub-district. Study locations were chosen based on a 
variety of factors, represented the highest and most regularly 
fire events from year 2012 to 2018. The other reasons were 
many of the villagers are doing farm activities and collecting 
forest honey.
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2018), the study provided data on the individual case network 
attributes for the estimation of overall network parameters 
(Scott, 2017). The twenty-seven actors as nodes who were 
interviewed including government officials (7 people), local 
businessmen (3 people), NGO/ non-governmental 
organizations (3 people) and community members (14 
people). The nodes were responsible individuals involved in 
mitigating forest fire and community fire issues 
(MPA/Masyarakat Peduli Api, volunteer communities who 
concern with fire). The field observations were performed 
from July through September 2019. 

Starting point for mapping of multi stakeholder role using 
SNA required the pattern of social networks to obtain the 
relationship of all actors in graph. A graph is simply a series 
of connecting pointsdepicting individuals with lines 
indicating their relationships with each other (Scott, 2017). 
The SNA graph could be described as a sociogram 
representing an example of a directed graph which consisted 
of four actors (A, B, C, D) connecting one another (Figure 1). 
This construction of signed and directed graphs was used to 
analyze group structure from each member point of view 
simultaneously and not just from a particular focal individual 
point of view (Scott, 2017). The mapping method was a much 
more diverse and analytical approach that included flow 
maps, cognitive mapping and an overview of accountability. 
Perhaps a way of incorporating any hint of roles and 
relationships to what would otherwise be a portrayal of the 
structure without details on actor position (Pryke, 2004). 
Sociogram helped to demonstrate a model of social 
networking between actors or organizations to mapping and 
analyzing their role (Figure 2).

         [2]

        [3]

Betweenness centralization expressed the degree to 
which a few organizations control the relationships for other 
organizations in the network. The betweenness centrality of 
node n can be expressed as shown in Equation [4] (Freeman, 
1977).

In order to explore connections at a local level, all nodes 
were also questioned about their ties or relationship or edges 
to others. SNA was run using software Node XL Basic and 
Gephi 0.9.2. The network could be evaluated in terms of 
network density, degree centrality, closeness centrality, and 
betweenness centrality. The overall level of connectivity in a 
network was density. A complete graph has a density of 
100%, conventionally expressed as 1.0. A graph that contains 
half of all potential connections has a density of 50% or 0.5, 
and the density ranges from 0 to 1.0. For the directed graph 
the density formula was shown in Eqution [1] (Scott, 2017). 

note: C = the degree centrality of a node, di = the number of D

relations on a node, N = total node in the network, and n = an 
actor.

note: d = the shortest distance between two nodes (from V to f 

t), N = the number of relations on an actor, and n = an actor.

 

note: D = network density, ∑l = total lines present, and n = 
total node in the network.

Closeness referred to measure the path number from one 
actor to reach the targeted actor using network (Brass, 1984), 
or as path numbers to tie an actor to all actors in the network. 
The Equation [3] to calculate the closeness centrality of a 
node and normalized closeness centrality could be defined 
(Freeman, 1977).

A higher score suggested that only a few actors affected 
the network, and a lower score suggested that actors within 
the network had identical relationship numbers (Huang et al., 
2019). The Equation [2] could be defined for calculating the 
degree centrality of a node and the normalized degree 
centrality (Freeman, 1977). 

         [1]

Furthermore, SNA described the position of the actors in 
directing their relationships using a numerical matrix. Every 
actor had one column and one row. Each row in this socio-
matrix is the relationship actor i give to all other actors (j's). 
The SNA was achieved by generating paired actors with 
square binary matrices. These matrices covered the 
exchange of information between actors with '1' used to 
indicate important exchange of information and '0' when 
there was no significant exchange of information (Purnomo 
et al., 2017). This stages of working to mapping of the role of 
multi stakeholder in conservation areas has been described 
as in Figure 3. 

       [4]

note:     = the total number of the shortest paths,         = the 
number of shortest paths passing through n, and n = an actor.
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Figure 1 Sociogram on social network analysis includes four 
actors A, B, C, and D were connected each others.

Figure 2 Conceptual design social network model for forest 
fire. 

Jurnal Manajemen Hutan Tropika, 26(3), 254-267, December 2020

EISSN: 2089-2063

DOI: 10.7226/jtfm.26.3.254



Scientific Article

ISSN: 2087-0469

Results and Discussion 
This study analyzed the occurrence of fire in MCNP and 

KBG conservation areas since 2012 to 2018 (Figure 4). At 
that time, the largest effect of fire was 1213.55 ha for MCNP 
in 2018, and 30 ha for KBG (TNGC, 2018; KRK, 2019). 
There are 54 villages in 12 sub-districts in 2 regencies 
(Kuningan and Majalengka) across two conservation areas 
but the disaster of fire occurred almost at the same location in 
seven villages (study sites). This close together of location of 
these villages could be an effective strategy to search for 
social structures and recognize the roles of multi stakeholder 
institutions across conservation areas. Using SNA helps to 
examine the relationship basis on social phenomena and 
social structure, and to identify the most powerful actors in 
the network (Huang et al., 2019). 

The highest percentage of actors as multi stakeholder 
included heads of villages and (heads of) farmers, they were 
all of MPA members who played a very important role in 
extinguishing and mitigating fire disaster (Table 1). Fire 
existed within conservation areas was handled by MCNP fire 
fighters, KBG fire fighters (Singgalen et al., 2019), and 
community. A review of the interviews showed actors often 
blame each other for causing fires. Government officials said 
the fires had been caused by communities. While 
communities blame the governments for having absolute 
control over conservation areas. In this case, communities 
feel can no longer participate to gain more profit from 
conservation areas. Based on field data, the actors stated that 
fires were mainly caused by community activities such as 
extracting forest honey, burning waste at the edge of 
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Figure 3 Study mindset of social network of multi stakeholder on conservation areas.

Figure 4 Map of research study on seven villages around Mount Ciremai National Park and Kuningan Botanical Garden 
conservation area. The seven villages were presented in blue dots and the red color indicated the fire-affected area in 
2018.

Jurnal Manajemen Hutan Tropika, 26(3), 254-267, December 2020

EISSN: 2089-2063

DOI: 10.7226/jtfm.26.3.254



Scientific Article

ISSN: 2087-0469

conservation areas, and throwing burned cigarette butts. The 
governments have a lack of desire and capacity to enforce 
laws for people who cause forest fires deliberately or 
unintentionally. Previous studies have found similar cases 
where actors often blame each other for causing forest fire in 
the province of Riau, Indonesia and also in Kalasha Valley, 
Pakistan (Purnomo et al., 2017; Zeb et al., 2019).

Despite the fire occurs almost every year, local 
businessmen still decided to create ecotourism sites around 
the fire-affected area. For example, two local businessmen 
used their own funds to create ecotourism sites. The 
conservation areas can be preserved to sustain community 
economy development. The local communities also often 
regularly patrol around their ecotourism area and MCNP 
area. Communities around MCNP and KBG required 
livelihood so they tend to become ecotourism entrepreneurs 
while farming in conservation areas was prohibited. 
Singgalen et al. (2019) said that, while mobilizing access to 
some types of resources, tourism affected people livelihood 
around the tourist destinations. Node#12 (head of Ciremai 
Forum) was the head of a discussion group created by local 
government, private companies and communities around the 
conservation areas. This platform offers node#1 (head of 
Mount Ciremai National Park) suggestion for a qualified 

Data analysis using the directed graph of Node XL Basic 
that represented in drawn form. The directed graph was 
shown by adding an arrow head to each line. Overall 
metrices of mapping of multi stakeholder role in 
conservation area using social network ( ). The arrow Table 2
direction indicates the direction of the relationship in the 
graph (Scott, 2017). There were 27 vertices, indicating that 
this analysis had 27 actors or nodes to evaluate and that the 

individual or organization in conservation areas as an 
ecotourism entrepreneur. Node#11 (head of AKAR, 
Aktivitas Anak Rimba) and node#13 (head of Kanopi) were a 
nature-loving NGO, the relationship between node#11 and 
the communities was very close and all of MPA members 
knew node#11 as fire fighters. Node#11 and his other NGO 
partners from other districts are always able to extinguish the 
forest fire occurrences. Multi stakeholder responsibilities 
mapping appears to be a positive arrangement since almost 
every year in the same location occurs fire. Similar findings 
found by Fischer et al. (2013) where wildfire links social and 
ecological structures in the United States dry-forest 
environment appeared to be strong. The cooperation 
between organizations seems lacking, presenting many 
management challenges such as maladaptive management 
behaviour. 
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Table 1  Actor profile on mapping of multi stakeholder role in conservation area using social network

Actors Nodes Sum 
(person)

Percentage 
(%)

Government officials
1. Head of Mount Ciremai National Park
2. Head of Pasawahan Resort, Mount Ciremai National Park
3.

 

Head of West Java Province Environmental Agency

 

4.

 

Head of Kuningan Regency Environmental Agency

 

5.

 

Head of Kuningan Botanical

 

Garden

 

6.

 

Head of Kuningan

 

Regency Regional Planning Agency

 

7.

 

Head of Kuningan Regency Regional Disaster 
Management Agency

 
 

Local businessmen

 

1.

 

Kuningan Regency regional owned enterprises

 

2.

 

Local entrepreneur 1

 

3.

 

Local entrepreneur 2

 
 

Non-Governmental Organizations

 

1.

 

Head of AKAR

 

(Aktivitas Anak Rimba)

 

2.

 

Head of Ciremai Forum

 

3.

 

Head of Kanopi

 
 

Community members

 

1.

 

Head of Pasawahan Village

 

2.

 

Head of Kaduela Village

 

3.

 

Head of Padabeunghar Village

 

4.

 

Head of Trijaya Village

 

5.

 

Head of SetianegaraVillage

 

6.

 

Head of Seda Village

 

7.

 

Head of Cibuntu Village

 

8.

 

Farmer of Pasawahan Village

 

9.

 

Farmer of Kaduela Village

 

10.

 

Farmer of Padabeunghar Village

 

11.

 
Farmer of Trijaya Village

 

12.
 

Farmer of SetianegaraVillage
 

13.
 

Farmer of Seda Village
 

14.
 

Farmer of Cibuntu Village
 

#1
#2
#3

 

#4

 

#5

 

#6

 

#7

 
 
 
 

#8

 

#9

 

#10

 
 

 

#11

 

#12

 

#13

 
 
 

#14

 

#15

 

#16

 

#17

 

#18

 

#19

 

#20

 

#21

 

#22

 

#23

 

#24

 

#25
 

#26
 

#27
 

7

 
 
 
 
 
 
 
 

3

 
 
 
 
 

3

 
 
 
 
 

14

 

25.925

 
 
 
 
 
 
 
 

11.111

 
 
 
 
 

11.111

 
 
 
 
 

51.851

 

Total  27  100  
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27 actors had 445 nodes (ties) to link. The maximum 
geodesic distance (diameter) was 3 and the geodesic average 
was 1.311. This means 3 vertices (paths) were the longest 
distance from one node to the target node. The network 
density showed more than half (63.2%), which implies that 
the connection between 27 nodes was high. The strength 
relationship was all about the high confidence to reduce the 
occurrence of fire among 27 nodes. This means that there is a 
need of more intense for social or personal approach from 
government officials to members of the community because 
fire still occurs every year (Figure 5). Due to a lack of 
knowledge about conservation area, this study also found 
several community members who said they did not 
understand what the conservation area and their functions. In 
addition to the government officials, private sectors and 
community members have made government wheels work 
according to the principles of good governance to promote 
the implementation of the public policy (Panjaitan et al., 
2019) like forest fire mitigation. Integrated social and 

ecological modeling systems were especially valuable tools 
for understanding the causes of the climate and human 
behavior consequences (Fischer et al., 2013).

Degree centrality Degree centrality indicates that 
individuals with more connections in a network may have 
larger influence in that network (Huang et al., 2019). In 
Table 3, it can be seen that the degree centrality were 
occupied by node#11 (head of AKAR, Aktivitas Anak Rimba) 
and node#1 (head of Mount Ciremai National Park). Node#1 
was an actor in the government and node#11 was an actor in 
the NGO. They had a good influence and the other nodes 
were able to have a friendship with these two nodes. High 
degree centrality means the relative extent to which one node 
is involved in interactions with the rest of the party. In a sense 
of human communication networks, the choice of degree 
centrality has been rationalized above (Pryke, 2004). This 
situation should be an advantage for management authorities 

The mapping of 27 nodes and node#3 (head of Java 
Province Environmental Agency) was the most distant node 
from the rest (Figure 6). Node#3 had only collaboration work 
with node#4 (head of Kuningan Regency Environmental 
Agency) and node#5 (head of Kuningan Botanical Garden) 
but no connection to the other 24 nodes. This coordinating 
work was effective when fire did not affect the KBG area in 
2019. Node#1 and node#11 were in this network center 
location, meaning they had central nodes among the other 
nodes for this network. Collaborative functions between the 
nodes would be the positive advantage for reducing fire in 
conservation areas. Based on Panjaitan et al. (2019), the role 
of local and central government officials played in reducing 
fire had a major impact, although not a direct effect. In 
reality, they still required the other nodes role. 
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 Table 2  Overall metrices of mapping of multi stakeholder 

role in conservation area using social network
 

 
 

 
 

Graph metric Value
Graph type
Vertices
Unique edges
Edges with duplicate
Total edges

 

Connected components

 

Maximum vertices in a connected component
Maximum edges in a connected component
Maximum geodesic distance (diameter)
Average geodesic distance

 
Graph density  

Directed
27
445
0
445
1
27
445
3
1.311
0.632

 

1174.65

14.96

266.03

666

0

118.84

1213.55

29.815 0 0 30 0 0 30

0

200

400

600

800

1000

1200

1400

2012 2013 2014 2015 2016 2017 2018

Fire-affected area in Mount Ciremai National Park and Kuningan Botanical Garden 
(ha)

Mount Ciremai National Park Kuningan Botanical Garden

Figure 5 Fire-affected area of Mount Ciremai National Park and Kuningan Botanical Garden since 2012 to 2018.
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Figure 6 Sociogram of mapping of twenty-seven stakeholder roles to reducing fire-hazard in conservation area. Nodes 1: Head of 
Mount Ciremai NP; 2: Head of Pasawahan Resort, Mount Ciremai NP; 3: Head of West Java Province Environmental 
Agency; 4: Head of Kuningan Regency Environmental Agency; 5: Head of Kuningan Botanical Garden; 6: Head of 
Kuningan Regency Regional Planning Agency; 7: Head of Kuningan Regency Regional Disaster Management Agency; 8: 
Kuningan Regency Regional Owned Enterprises; 9: Local entrepreneur 1; 10: Local entrepreneur 2; 11: Head of AKAR; 
12: Head of Ciremai Forum; 13: Head of Kanopi; 14: Head of Pasawahan Village; 15: Head of Kaduela Village; 16: Head 
of Padabeunghar Village; 17: Head of Trijaya Village; 18: Head of Setianegara Village; 19: Head of Seda Village; 20: 
Head of Cibuntu Village; 21: Farmer of Pasawahan; 22. Farmer of Kaduela; 23: Farmer of Padabeunghar; 24: Farmer of 
Trijaya; 25: Farmer of Setianegara; 26: Farmer of Seda; 27: Farmer of Cibuntu.     

 
 

 
 

 
 

 
 

 
 

Table 3  Degree centrality for twenty-seven nodes to reducing fire-hazard in conservation areas

Nodes In-degree In-degree centrality Out-degree Out-degree centrality
#11
#1
#7

 

#2

 

#6

 

#12

 

#21

 

#22

 

#23

 

#16

 

#14

 

#15

 

#5

 

#24

 

#25

 

#26

 

#27

 

#17

 

#18

 

#20

 

#19

 

#10
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#8
 

#13
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14
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10
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0.923
0.923
0.846

 

0.846

 

0.846

 

0.846
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0.730
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0.653
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0.576

 

0.576

 

0.576

 

0.576
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0.576
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in making joint responsibilities to managed conservation 
areas where government official and NGO actors had 
adjacent influencing score among the actors. Zeb et al. 
(2019) noted that there could be benefits from improved 
communication and shared management of natural resources 
between government institutional and community members. 

The node#11 and node#1 were the most dominant nodes 
in out-degree centrality (Table 3). Node#11 has been actively 
interested in putting out voluntary fire threat in the 
conservation area of Mount Ciremai since the 1990s (Sunar, 
2019). It was also group leaders around MCNP who were 
well acquainted with the node#11. While node#11 was a 
local NGO, he had extensive contacts with other NGOs and 
had strong personal approach to community members 
around MCNP such as being a motivator of 12 nature-loving 
group in Kuningan district and coordinating annual cleaning 
action at Mount Ciremai. Node#1 had the second position on 
degree centrality, meaning that all nodes were required on 
public policy and action to minimize fire threat. Community 
members, who were included on MPA, volunteered to help 
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Role is a complex feature of personal status, and whether 
a person fulfils his/her rights and responsibilities in 
accordance with his/her position so that the individual can 
perform a task (Narwoko & Suyanto, 2015). Node#11 in the 
purple circle was the largest size and node#1 in the dark green 
circle was the second largest in graph (Figure 7). It means that 
node#11 played the greatest role in minimizing fire in 
conservation areas, followed by node#1. Node#2 (head of 
Pasawahan Resort, Mount Ciremai National Park), node#6 
(head of Kuningan Regency Regional Planning Agency), and 
node#12 (head of Ciremai Forum) had the same importance 
score of degree centrality. Even node#6 had an important role 

node#1, node#7 (head of Kuningan Regency Regional 
Disaster Management Agency) and node#11 to extinguish 
the fire using conventional sticks to hit the blaze. According 
to Górriz-Mifsud et al. (2019), no evidence of conservation 
areas was protected by fire volunteers, recent fire experience, 
or variation of members profile has been found to influence 
the form of operation. Figure 7 provided a degree centrality 
graph for reduction of fire for 27 nodes. 

Figure 7 Graph of degree centrality for twenty-seven actors to reducing fire-hazard in conservation areas. Nodes 1: Head of Mount 
Ciremai NP; 2: Head of Pasawahan Resort, Mount Ciremai NP; 3: Head of West Java Province Environmental Agency; 4: 
Head of Kuningan Regency Environmental Agency; 5: Head of Kuningan Botanical Garden; 6: Head of Kuningan 
Regency Regional Planning Agency; 7: Head of Kuningan Regency Regional Disaster Management Agency; 8: Head of 
Kuningan Regency Regional Owned Enterprises; 9: Local entrepreneur 1; 10: Local entrepreneur 2; 11: Head of AKAR; 
12: Head of Ciremai Forum; 13: Head of Kanopi; 14: Head of Pasawahan Village; 15: Head of Kaduela Village; 16: Head 
of Padabeunghar Village; 17: Head of Trijaya Village; 18: Head of Setianegara Village; 19: Head of Seda Village; 20: 
Head of Cibuntu Village; 21: Farmer of Pasawahan; 22. Farmer of Kaduela; 23: Farmer of Padabeunghar; 24: Farmer of 
Trijaya; 25: Farmer of Setianegara; 26: Farmer of Seda; 27: Farmer of Cibuntu.
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Closeness centrality Similar to degree centrality, nodes#11 
(head of AKAR, Aktivitas Anak Rimba), nodes#1 (head of 
Mount Ciremai National Park), node#7 (head of Kuningan 
Regency Regional Disaster Management Agency), node#2 
(head of Pasawahan Resort, Mount Ciremai National Park), 
node#6 (head of Kuningan Regency Regional Planning 
Agency) and node#12 (head of Ciremai Forum) were the six 
highest nodes for closeness centrality. They had a strong 
obligation to mitigate fire in conservation areas and to 
recognize the negative impacts of fire on the environment 
and the people. Actually, the roles of the six nodes on 
closeness centrality were very good opportunites to tie on 
reducing fire. Node#11 and node#12, as representative of 
NGO, were very close to community members and able to 
improve the communication with community. In addition to 
nodes#1, three nodes (node#7, node#2, and node#6) as 
Government officials were important nodes to carrying out 
management authority of conservation areas. At least, the 
closeness centrality on six nodes might create network 
building through trust as a fundamental element in the idea of 
social capital. Giurca & Metz (2018) noted that trust, 
dependency, mutual respect, authority, and common norms 
must be part of the establishment of this network building. 
Government officials could engage the NGO to educate the 
community about the importance of fire prevention. Previous 

on initiative to set up KBG. Node#6 and community 
members used to discuss about conservation and rural 
economic. Node#2 also played an important role as his 
standing as a MCNP delegate to community members around 
conservation area. He often visited the field and listened to 
complain from the community and gave constructive 
feedback to raise the revenue from the sector. Lack of 
knowledge on conservation areas in the view of the 
community members also occurs because the limited number 
of MCNP officials spread the conservation area as an 
important issue. The government officials needed other 
technological methods to disseminate knowledge, such as 
using local community members as interpreters by 
themselves. At least, data showed high degree of node#1, 
node#7, node#2 and node#6 centrality which means that 
government officials were effective nodes in enforcing fire 
management rules and practices. 

studies had shown that the proximity of settlement to 
conservation areas would potentially help to reduce the risk 
of forest fire (Cattau et al., 2016; Sloan et al., 2017; Zeb et al., 
2019).

The closeness centrality could greatly benefit 
government officials as management authorities (head of 
MCNP and head of KBG) to press the high fire intensity 
(Figure 8). Management authorities should engage all nodes 
from NGOs, local entrepreneurs and community members 
(multi stakeholder) to work together on fire control and to 
implement of fire public policy in the conservation areas. 
Public policy enforcement was contingent on the 
government authorities. Public policy is also an activity 
established and enforced by legislative authorities of 
government agencies, with political and financial means to 
do so. Public policy aims to respond concretely to 
community problems or needs (Achyar et al., 2015; 
Panjaitan et al., 2019). When trust has been established in this 
way, management authorities only needs to encourage 
stakeholders to overcome the problem of fire. Management 
institutions must also provide incentives for people who are 

Node#17 (head of Trijaya Village), node#10 (local 
entrepreneur 2), node#27 (farmer of Cibuntu Village), 
node#26 (farmer of Seda Village), node#25 (farmer of 
Setianegara Village), and node#24 (farmer of Trijaya 
Village) had the same score, it means these six nodes had the 
same degree of closeness centrality (Table 4). They had 
frequent contact regarding the same problem of forest fire 
that occurred in their nearby villages. They took the initiative 
to create groups of volunteers to extinguish the fire in the 
forest. Similar to Górriz-Mifsud et al. (2019) findings, 
volunteer groups were formed in community around the 
forest when the Mediterranean forest had fire even though 
they have not yet been able to extinguish forest fire. They 
also found that the community had a stronger internal or 
external community bonds, as well as their level of trust, 
affecting the variety of activities that the groups were 
conducting and their perception of arsonism in the area. 
Martínez-torres et al. (2018) noted that fire management was 
the collection of local community activities as a socio-
ecological and social phenomenon in which there were no 
single actors, and each player had specific objectives that 
need reconciliation. 
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Table 4  Closeness centrality for twenty-seven nodes to reducing fire-hazard in conservation areas

Nodes

 

Closeness centrality

 

Nodes

 

Closeness centrality

 

#11

 

#1

 

#7

 

#2

 

#6

 

#12

 

#22

 

#21

 

#16

 

#23
 

#15
 

#14
 

#5 

#17 

0.962

 

0.928

 

0.896

 

0.866

 

0.866

 

0.866

 

0.812

 

0.812

 

0.787

 

0.787
 

0.742
 

0.742
 

0.722
 

0.702  

#10

 

#27

 

#26

 

#25

 

#24

 

#4

 

#20

 

#19

 

#18

 

#8
 

#13
 

#9
 

#3  

0.702

 

0.702

 

0.702

 

0.702

 

0.702

 

0.666

 

0.666

 

0.666

 

0.666

 

0.634
 

0.619
 

0.619
 

0.433
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able to inspire many people in terms of mitigate forest fires. 
Rewards for communities to reduce fires can be a training 
program to extinguish fire and other programs to improve the 
community's economy. Additional warning boards of forest 
fires in strategic areas (roadside and near settlements in 
conservation areas) must also be established.

Betweenness centrality A higher betweenness centrality 
score suggests greater centrality and that the network is 
regulated by a fairly limited number of nodes around with the 
highest betweenness score node (Huang et al., 2019). Field 
data showed that node#1 and node#5 as government officials 
as two the highest for betweenness centrality score. As heads 
of conservation areas, these two nodes have played a vital 
role in linking all players within a social network. Node#11 
(head of AKAR, Aktivitas Anak Rimba) had the second 
highest centrality of betweenness. Node#11 roles as a 
mediator of all nodes within this network was still high. To 
date, both nodes having authority were tried to extinguish the 
fire by the existence of node#11. In addition to node#11, all 

The betweenness centrality for 27 nodes revealed that 
node#23, (farmer of Padabeunghar Village) as a community 
member, had significant role as a mediator between the other 
members of the group (T ). Node#23 lived around two able 5
conservation areas and had good relationship with other 
village farmers. As a mediator, the roles of actor node#23 
reflected that participatory conservation was in good 
relationship in community level. The category of this actor 
had indirect relationships with fire danger management 
policy makers (Nugroho, 2013), but it is concerned with any 
decisions relevant to the issue. As Aldashev & Vallino (2019) 
mentioned, participatory conservation was a powerful idea 
to built in national and international development initiatives, 

actors believed that node#1 and node#5 were significant 
persons to be related to as managers authorities. The relative 
balance of power between the nodes was crucial to ensuring 
good governance (Purnomo et al., 2018). If fire occurs, they 
were usually the most liable person to contact. Without good 
governance, fire occurrence related concerns would easily 
arise. 
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Figure 8 Graph of closeness centrality for twenty-seven actors to reducing fire-hazard in conservations area. Nodes 1: Head of 
Mount Ciremai NP; 2: Head of Pasawahan Resort, Mount Ciremai NP; 3: Head of West Java Province Environmental 
Agency; 4: Head of Kuningan Regency Environmental Agency; 5: Head of Kuningan Botanical Garden; 6: Head of 
Kuningan Regency Regional Planning Agency; 7: Head of Kuningan Regency Regional Disaster Management Agency; 
8: Head of Kuningan Regency Regional Owned Enterprises; 9: Local entrepreneur 1; 10: Local entrepreneur 2; 11: Head 
of AKAR; 12: Head of Ciremai Forum; 13: Head of Kanopi; 14: Head of Pasawahan Village; 15: Head of Kaduela 
Village; 16: Head of Padabeunghar Village; 17: Head of Trijaya Village; 18: Head of Setianegara Village; 19: Head of 
Seda Village; 20: Head of Cibuntu Village; 21: Farmer of Pasawahan; 22. Farmer of Kaduela; 23: Farmer of 
Padabeunghar; 24: Farmer of Trijaya; 25: Farmer of Setianegara; 26: Farmer of Seda; 27: Farmer of Cibuntu.
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focused on the goal of balancing economic growth with 
conservation of nature. Besides node#23 as a farmer or a 
community member, node#21 (farmer of Pasawahan Village) 
and node#22 (farmer of Kaduela Village) had the same 
scores. This term means local communities were actively 
interested in conservation activities.

Purnomo et al. (2018) noted that governance was 

characterized as how to make and enforce policies and 
decisions. As Nugroho (2013) said during the policy-making 
process on the issue, government officials as the main 
stakeholder have power and high interests. The graph of 27 
nodes in betweenness centrality revealed that node#1 and 
node#5 as the heads of two conservation areas had a powerful 
to enforce fire policy authority for all nodes, including the 
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Table 5  Betweenness centrality for twenty-seven nodes to reducing fire-hazard in conservation areas

Nodes  Betweenness centrality  Nodes  Betweenness centrality  
#1  

#11  
#5

 #23
 #12
 #2

 #6

 #7

 
#4

 
#21

 
#22

 
#16

 
#14

 

#15

 

25.953  
25.719  
24.599

 24.296
 21.917
 21.456

 17.688

 17.613

 
15.889

 
11.702

 
11.526

 
10.856

 
7.765

 

5.671

 

#17  
#25  
#24

 #27
 #26
 #20

 #13

 #8

 
#19

 
#18

 
#10

 
#9

 
#3

 

2.844  
2.830  
2.830

 2.746
 2.746
 2.564

 2.402

 2.149

 
2.146

 
2.128

 
1.911

 
1.338

 
0.000

 

 

Figure 9 Graph of betweenness centrality for twenty-seven actors to reducing fire-hazard in conservations area. Nodes 1: Head of 
Mount Ciremai NP; 2: Head of Pasawahan Resort, Mount Ciremai NP; 3: Head of West Java Province Environmental 
Agency; 4: Head of Kuningan Regency Environmental Agency; 5: Head of Kuningan Botanical Garden; 6: Head of 
Kuningan Regency Regional Planning Agency; 7: Head of Kuningan Regency Regional Disaster Management Agency; 
8: Head of Kuningan Regency Regional Owned Enterprises; 9: Local entrepreneur 1; 10: Local entrepreneur 2; 11: Head 
of AKAR; 12: Head of Ciremai Forum; 13: Head of Kanopi; 14: Head of Pasawahan Village; 15: Head of Kaduela 
Village; 16: Head of Padabeunghar Village; 17: Head of Trijaya Village; 18: Head of Setianegara Village; 19: Head of 
Seda Village; 20: Head of Cibuntu Village; 21: Farmer of Pasawahan; 22: Farmer of Kaduela; 23: Farmer of 
Padabeunghar; 24: Farmer of Trijaya; 25: Farmer of Setianegara; 26: Farmer of Seda; 27: Farmer of Cibuntu.
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stakeholder played important roles to mitigate fire in 
conservation areas. They are identified as Government 
officials, non-governmental organizations, local 
businessmen, and community members. The network 
density was more than 50% (strong relation) but it was still 
need to improve good relations among all actors to suppress 
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Rimba) played as the most famous actor since node#11 had a 
capacity to address the community group around 
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