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Abstract Wonogiri Regency, the Republic of Indonesia, is an area that has potential to be affected by various
types of disasters. This study aims to identify the types of disaster potentials in the Wonogiri Regency and to
provide recommendations for effective disaster mitigation strategies that can be effectively implemented by
the Regional Disaster Management Agency (Badan Penanggulangan Bencana Daerah or BPBD in short) of the
Wonogiri Regency during 2021-2026 time period by using the House of Risk (HoR) method. The study found
that floods, landslides, strong winds, volcanic eruptions, earthquakes, tsunamis, forest and land fires, droughts,
and extraordinary events are likely to take place in the regency. The implementation of the HoR phase 1 yields
19 disaster risk events and 19 disaster risk agents. The use of Pareto diagram to the disaster risk agents results
in 8 dominant risk agents of disaster, namely “Unstable ground”; “The trees are too old and fragile”; “The trees
are too dense”; Lack of water resources”; Heavy rain intensity”; “Struck by disaster materials”; “Epidemic of
a disease”; and “The building construction is not strong” The implementation of the HoR phase 2 produces

15 mitigation strategies along with their priority order in which the 5 mitigation strategies with the highest

priority are “Working with related parties to reduce the potential of disasters”;

»_

education of disasters”;
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Establishing disaster-resilient villages”;
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Conducting socialization and
Mapping disaster-prone areas”; and “Training
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1. Introduction

Wonogiri is a district in Central Java, Indonesia. It is
located between 7°32’ - 8°15" South Latitude and 110°41" -
111° 18 East Longitude and consists of 25 sub-districts, 251
villages, and 43 urban villages with an area of 182,236.02
Ha (1). Wonogiri Regency consists of mountainous areas,
limestone rocks, reservoirs, forests, beaches, and so on. With
the diverse characteristics of the region, the potential for
disasters is enormous hit Wonogiri Regency. Table 1 describes
the number of villages that experienced disasters in Wonogiri
in 2011, 2014, and 2018 (BPS Wonogiri, 2020). Sources from
National Disaster Management Agency (Badan Nasional
Penanggulangan Bencana or BNPB in short) of Republic of
Indonesia (BNPB, 2021) stated that, during the 2010-2019
period, there were 401 disasters in Wonogiri, consisting of 174
landslides; tornado/ strong wind 123 times; flooding 53 times;
forest and land fire 32 times; fires ten times; drought eight
times; and tidal wave/abrasion one time.

Disaster management is a systematic process of using
administrative guidelines in organizations or institutions
by integrating operational skills and capacities, strategic
policies, and increasing the ability to minimize hazards and
vulnerabilities from disaster risk (Lin, 2018). In planning an
activity, a good management is required (Sufa & Khoiriyah,
2017), and hence a quick response to particular disaster, for
instance, is very likely to reduce loss of life and the suffering
of the disaster survivors (see, e.g., (Setiawan et al.,, 2019)).
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Disaster management mainly lies at the strategic level of
disaster management. Relevant parties, therefore, need to
collect information, analyze, and disseminate problems related
to disaster potentials (Boin & Lodge, 2016). Disaster mitigation
includes efforts to reduce or eliminate the possibility or
consequences of a hazard or both(Coppola, 2015). Risk is the
probability of an outcome having a negative impact on people,
systems, or assets (UNDRR, 2021). Risk assessment requires
evaluating two variables (Bandaly et al., 2012): the probability
of an adverse event occurring and the magnitude of the impact
of the event. Disaster risk reduction and management requires
good governance (Ahrens & Rudolph, 2006). Community’s low
understanding about disaster mitigation is likely to contribute
to the creation of disaster’s victims (Iskandar et al., 2022).

As far as the authors are aware, there hasn’t been any
research done on efforts to improve the effectiveness of
disaster mitigation in the Wonogiri Regency. The use of storie
approach to identify the Wonogiri Regency’s zone of landslide
vulnerability can be found in (Darmawan et al., 2018). The
application of Markov chain approach in predicting natural
disasters in Wonogiri Regency was carried out by (Melati &
Jatipaningrum, 2018). (Pratamaningtyas et al., 2016) analyze
the preparedness of Dr. Soediran Mangun Sumarso Hospital,
Wonogiri, in response to disaster arrivals. (Suyanto & Hartono,
2019) investigates the impact of employing a disaster response
manual on family coping mechanisms in a tsunami-vulnerable
community in Wonogiri.
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Table 1. Number of villages that experienced disasters in Wonogiri Regency in 2011, 2014, and 2018

Number of villages experiencing disaster

Disaster Event

2011 2014 2018
Flood 35 22 64
Earthquake 3 1 21
Landslide 102 73 113

In this article, the authors discuss the findings on
improving the effectiveness of disaster mitigation for Regional
Disaster Management Agency (Badan Penanggulangan
Bencana Daerah or BPBD in short) of Wonogiri Regency using
the HoR method for the years of 2021 to 2026. The Wonogiri’s
BPBD was selected in this instance based on the regulation,
as BPBD is an organization with the authority to manage
disasters in a district under Law No. 24 of 2007 (Sekretariat
Negara RI, 2007). Additionally, the Wonogiri’s BPBD is in
charge of all disaster management-related actions within the
region. Numerous studies point out the necessity of enhancing
disaster management institutions’ effectiveness (see, e.g.,
(Theodora, 2020; Tuladhar, 2019)) and the significance of
increasing their capacity (see, for instance, (Few et al., 2016;
Scott et al., 2016; Scott & Few, 2016). The HoR technique can
pinpoint risky situations, rank risky root causes, and choose
risk mitigation tactics (Ambarwati & Nugroho, 2019). The
HoR technique was chosen because it was a good fit for the
issues raised by this investigation.

2. Methods

This study uses the HoR method (see (Pujawan &
Geraldin, 2009)), a method that combines the principles
of FMEA (Failure Mode and Effect Analysis) with the HoQ
(House of Quality) process. The HoR method consists of
two phases, namely HoR phase 1 and HoR phase 2. Phase
1 HoR determines the dominant risk agent to be mitigated,
while phase 2 HoR is needed to produce priority mitigation
strategies.

The implementation of HoR phase 1 begins with gathering
disaster potentials in Wonogiri Regency through a series of
interviews with the Head of the Prevention and Preparedness
Section and the Prevention and Preparedness Section Staft
of the Wonogori’s BPBD as resource persons in the research.
Disaster potentials are analyzed to find disaster risk events
and disaster risk agents. The next step is to determine the
Aggregate Risk Potential (ARP) value by firstly determining
the severity of the risk event, occurrence (level of probability
of occurring) for the risk agent, and the weight or correlation
value between risk events and risk agents. In this case, the rating
scale for severity is 1 (no impact) to 10 (failure to meet safety
or regulatory requirements); the rating scale for occurrence
is a scale of 1 (very low) to 10 (very high); and alternative
correlation values between risk events and risk agents are 0 (no
correlation), 1 (low correlation), 3 (medium correlation), and
9 (high correlation). Secondly, Pareto diagram is implemented
to the resulted ARP values to determine the rank of the
dominant risk agent.

In the HoR phase 2, a focused group discussion (FGD)
was conducted with the resource persons to (1) produce
mitigation strategies; (2) determine the correlation values
between the mitigation strategies and the dominant risk
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agents; (3) calculate the total effectiveness (TEK) of each
mitigation strategy; (4) assess the degree of difficulty (Dk) of
each mitigation strategy with a choice of values of 3, 4, or 5
(depending on how difficult the mitigation strategy can be);
and (5) calculate the value of effectiveness to difficulty (ETD)
for each mitigation strategy. The results of the HoR phase 2
method are the priority order of disaster mitigation strategies
by the Wonogiri’s BPBD for the time period of 2021-2026.

3. Result and Discussion

The number of disaster events in Wonogiri Regency in
2015-2020 is presented in Table 2. Several disasters that have
the potential to hit Wonogiri Regency and have impacts that
cause damage to the surrounding community are presented
in Table 3. The results of identifying the disaster risk events
(Ei) in the Wonogiri Regency are shown in Table 4. Based on
the disaster risk events, disaster risk agents (Ai), which are the
causes or sources that can cause risk events, are subsequently
obtained. The disaster risk agents are shown in Table 5. By
entering the disaster risk events and their level of severity, the
disaster risk agents and their occurrence, and the correlation
values of the disaster risk events and the disaster risk agents
into the HoR phase 1 (see Table 6), the dominant disaster risk
agents can eventually be produced.

As shown in Table 2, landslides, floods, and strong winds
are disasters with a relatively high number of occurrences in the
Wonogiri Regency. Fires are disasters with several subsequent
circumstances. In 2019-2020, floods and strong winds were
two types of disasters with a relatively higher number of events
than other types of disasters.

Based on the interviews conducted, it was revealed that
there are 9 disaster potentials in Wonogiri Regency (see Table
3). In addition to floods, landslides, strong winds, and fires, the
other disaster potentials are volcanic eruptions, earthquakes,
droughts, tsunamis, and extraordinary events. The 9 disaster
potentials are in accordance to the Law no. 24 of 2007
(Sekretariat Negara RI, 2007). These results are similar to a
the study conducted in Surakarta (see (Prasetyo, 2020), which
found that disaster potentials in the city are floods, hurricanes,
volcanic eruptions, extraordinary events (Kejadian Luar Biasa
or KLB in short), fires, and industrial accidents/ technological
failures. Regional characteristics and geographical location
cause differences in the disaster potentials. The 9 disaster
potentials also have similarities with the disaster potentials
related to Central Sulawesi revealed in 2011 (Martini, 2011),
where floods, landslides, earthquakes, and tsunamis are stated
as disaster potentials that may occur in the area. The disaster
potentials are also similar to those in Landak Regency, West
Kalimantan, found in 2015 (Wahyuningtyas & Pratomo,
2015), namely floods, landslides, hurricanes, forest and land
fires, and fires in settlements.
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Table 2. Number of disaster events in Wonogiri Regency in 2015-2020

Type of Disaster
Years ~ Number of Events
Landslides Floods  Strong winds Fires

2020 227 34 95 93 5
2019 748 56 134 498 60
2018 359 113 64 119 63
2017 1317 976 267 51 23
2016 362 207 131 0 24
2015 468 276 33 116 43

(Source: Wonogiri's BPBD)

Table 3. Disaster potentials in the Wonogiri Regency

Disaster potential No  Disaster potential
Floods 6 Tsunamis
Landslides 7 Forest and land fires
Strong winds 8 Droughts
Volcanic eruptions 9 Extraordinary events
Earthquake
Table 4. Disaster risk events in Wonogiri Regency
Symbol Risk event Symbol Risk event
El1  The overflow of puddles Ell  Community activities are hampered
E2  Broken embankment E12  Casualties and injuries
E3  Disconnected road access E13  Damage to land and crops
E4  Damage to houses/buildings E14  The economy is hampered
E5  Loss of property and belongings E15  Fallen tree
E6  Dead animal E16  Damage to public facilities
E7  Smog E17  Closed public facilities
E8  Air pollution E18  Trauma for affected victims
E9  Material loss E19  Education temporarily stopped

E10  Global warming

Table 5. Disaster risk agents in Wonogiri Regency

Symbol Risk agent

Symbol Risk agent

Al Littering

A2 River sediment

A3 Lack of water catchment areas
Ad narrow river flows

A5 Materials covering the river flow
A6 Heavy rain intensity

A7 Community negligence

A8 Volcanic ashes

A9  The trees are too old and fragile

A10  The trees are too dense

All The building construction is not strong
A12  The age of the building is old

Al13  Burning materials

Al4  Struck by disaster materials
A15  Lack of public knowledge
Al6  Unstable ground

A17  Lack of water sources

Al8 No evacuation routes

A19  Epidemic of a disease

Based on Table 4, there are 19 disaster risk events in
Wonogiri Regency. The 19 risk events differ from the 17
disaster risk events in Surakarta found by (Prasetyo, 2020),
most likely due to the difference in disaster potentials between
the two cities.
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By observing Table 5, it can be seen that, in Wonogiri
Regency, 19 disaster risk agents (or the source or cause of
disaster risk events) were found. The disaster risk agents are
slightly different from those found by (Prasetyo, 2020) in regard
to City of Surakarta. Unstable soils, lack of water sources, and
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affected disaster materials were not found as the risk agents
for Surakarta. On the other hand, the disaster risk agents have
similarities with those found previously by (Larasati et al.,
2017) with regard to Wonogiri Sub-Regency, namely littering,
high rainfall intensity, lack of water catchment areas, material
covering river flows, unstable soil, and lack of community
knowledge.

Some of the disaster risk agents provided in Table 5 are in
line with the results of previous research. Poor building quality
was one of the causes of a large number of victims in the 2010
Haiti earthquake (Marshall et al., 2011). Lack of attention to
the importance of good building construction was the cause of
the large number of fatalities imposed by several earthquakes
in Turkey (Green, 2005). Building safety is a crucial issue in
relation with the post-disaster shelter reconstruction programs
(Harriss et al., 2020). The unstable soil contributes to the
severity of the earthquake impact in Turkey (Green, 2005) and
is an essential factor in predicting the occurrence of landslides
(Ho et al., 2012). The value of soil stability was concluded
to be potentially a significant indicator of the vulnerability
of an area to landslides (Sharma et al, 2012). Expansive
soil is one type of soil that is prone to landslides (Hou et al.,
2013). In Malawi, flooding increases as river sedimentation
rises (Munthali et al., 2011). In Asian, South American, and
African countries, scarcity of water resources creates a risk of
conflict (Gunasekara et al., 2014). In Shimian, China, heavy
rains caused destructive debris flows (Ni et al., 2014). (Kasdan,
2016) and (Hoffman, 2015) suggest that socio-cultural factors

are essential elements in disaster risk management. In the
context of the Greek society he studied, the effectiveness of
disaster preparedness was strongly influenced by education
(Theodora, 2020). In Australia, waste disposal poses a risk
of flooding (Neuhold, 2013; Neuhold & Nachtnebel, 2011).
An outbreak of foot and mouth disease in rural areas of the
United Kingdom in 2001 was at risk of transmitting to visitors
to these rural areas (Auty et al., 2019). Water catchment area
is suggested as one of causes of flooding (Sulistyo et al., 2021).

After knowing the ARP value in the phase 1 of HoR
matrix, then the data is processed using a Pareto diagram. The
Pareto chart will refer to the 80:20 rule, where 80% of problems
are affected by 20% of causes. Judging from the Pareto diagram
in Figure 1, there are 8 disaster risk agents that are included in
80% of the dominant problems. The eight disaster risk agents
are presented in Table 7.

Based on Table 7, it is found that eight dominant disaster
risk agents will later be handled by proposing mitigation
strategies. In this case, the disaster risk agent that occupies
the highest priority to be dealt with is “Unstable ground” (the
ARP value of 912). The next priority order with relatively
significant differences in ARP values is “Trees are too old and
fragile” and “Trees are too dense” (both with the ARP values of
312); “Shortage of water sources” (ARP value 288); “Intensity
of heavy rain” and “Attached by disaster materials” (the ARP
value of 252); “Disease outbreak” (the ARP value of 192); and
“The building construction is not strong enough” (the ARP
value of 147).

Table 6. House of Risk phase 1

Risk Agent

Risk Event

Al A2 A3 A4 A5 A6 A7 A8 A9 Al0 All Al2 Al13 Al4 Al5 Al6 Al7 Al8 Al9

Severity

El
E2
E3
E4 1
E5
E6 1
E7 1
E8 1
E9
E10
Ell 1
E12 1
E13
E14
E15
El6
E17
E18
E19
Occurance
ARP
Priority

3 9 31 1 3 1

6
36
15

6
108
10

3
18
17

4
8
18

4
8
19

4 4 2 4

5 13 16 2

4

252 68 20 312 312

3

1

W U1 U U W W W W W W NN WU NI =N

w O = W

3
147
8

3 2 4 5 6 8
147 68 252 90 912 288
9 14 6 12 1 4

6
108
11

192
7
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Figure 1. Pareto chart of aggregate risk potential (ARP) values of disaster risk agents in Wonogiri
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Table 7. Dominant disaster risk agents

Symbol  Risk agent ARP
Al6 Unstable ground 912
A9 The trees are too old and fragile 312
A10 The trees are too dense 312
Al7 Lack of water sources 288
A6 Heavy rain intensity 252
Al4d Struck by disaster materials 252
A19 Epidemic of a disease 192
All The building construction is not strong 147

Table 8. The mitigation strategies for the dominant disaster risk agents

Symbol Mitigation strategy Dk  Symbol Mitigation strategy Dk
P1 Carrying out cleaning activities 3 P9  Installing evacuation points 3
P2 Establishing disaster-resilient villages 3 P10  Training for disaster volunteers 3
P3 Doing residential relocation 4 P11 Pm‘.”dmg logistics and 3

equipments
P4 Building talud 4 P12 Mapping disaster-prone areas 3
P5 Planting vegetative plants P13  Reforestation 3
P6 Condu.ctlng sqaahza‘uon and 3 P14  Building a water reservoir 3
education of disaster
. . Working with related parties to
P7 Installing early warning systems 4 P15 reduce the potential of disasters 3
P8 Conducting disaster simulation 3

House of Risk phase 2 is used to provide priority mitigation
strategies by considering available resources. In HoR phase 2,
the total effectiveness of each mitigation strategy (TEk) and
the degree of difficulty of each mitigation strategy, Dk, are
sought. By using both values, the proposed mitigation strategy
(ETDK) is prioritized for handling the dominant disaster risk
agents.

Based on interviews with resource persons, a mitigation
strategy (Pi) was obtained to deal with the dominant risk
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agent in Wonogiri Regency from 2021 to 2026 (presented
in Table 8). Based on the results of data processing obtained
from interviews with the same parties, the priority order of
mitigation strategies was obtained (Table 9). By including a
description of each mitigation strategy, Table 10 represents
the order of mitigation strategies that will be prioritized
for handling by the Wonogiri Regency Regional Disaster
Management Agency from 2021 to 2026.
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Table 9. House of Risk phase 2

Risk Mitigation Strategy ARP
Agent P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11 P12 P13 P14 P15
Al6 9 9 3 9 9 9 9 9 9 3 9 9 9 912
A9 3 9 9 3 1 1 9 9 312
A10 3 1 9 9 1 1 1 9 312
Al7 3 9 1 9 3 9 9 9 9 9 288
A6 9 3 9 3 9 3 9 3 9 9 252
Al4 9 9 3 1 9 3 3 9 9 252
Al19 9 9 9 9 9 9 9 192
All 9 3 3 1 9 147
TEk 9000 18672 9252 2988 13191 22680 9405 10161 9867 17568 9192 17688 14676 4860 24003
Dk 3 3 4 4 3 3 4 3 3 3 3 3 3 3 3
ETDk 3000 6224 2313 747 4397 7560 2351.25 3387 3289 5856 3064 5896 4892 1620 8001
Priority 11 3 13 15 7 2 12 8 9 5 10 4 6 14 1
*TEk - Total Effectiveness, Dk - Degree of Difficulty), ETDk - Effectiveness to Difficulty ratio
*Correlation Weight = 0 (no correlation), 1 (low), 3 (middle), 9 (high).
Table 10. Mitigation strategies according to their order of rank
Symbol Mitigation Strategy ETDk  Rank
P15  Working with related parties to reduce the potential of disasters 8001 1
P6 Conducting socialization and education of disaster 7560 2
P2  Establishing disaster-resilient villages 6224 3
P12  Mapping disaster-prone areas 5896 4
P10  Training for disaster volunteers 5856 5
P13  Reforestation 4892 6
P5 Planting vegetative plants 4397 7
PS8 Conducting disaster simulation 3387 8
P9 Installing evacuation points 3289 9
P11  Providing logistics and equipments 3064 10
P1 Carrying out cleaning activities 3000 11
p7  Installing early warning systems 2351 12
P3 Doing residential relocation 2313 13
P14  Building a water reservoir 1620 14
P4  Building talud 747 15

It can be seen in Table 10 that “Working with related
parties to reduce the potential of disasters”; “Conducting
socialization and education of disaster”; “Establishing
disaster-resilient villages”; “Mapping disaster-prone areas’;
and “Training for volunteers” are mitigation strategies that
rank 1 to 5 to be implemented by the Wonogiri’s BPBD in
the period from 2021 to 2026. Meanwhile, “Reforestation”;
“Planting vegetative plants”; “Conducting disaster simulation”;
and “Installing evacuation points” are mitigation strategies in
order 6th to 9th for the same timeframe. In this case, the Ist to
5th order mitigation strategies contributed 53.6% to the total
ETD values of the 15 mitigation strategies. Meanwhile, the
Ist to 9th mitigation strategies contributed 79.1% to the total
ETDk values of the 15 mitigation strategies.

The mitigation strategies above have similarities with the
findings of several researchers. (Rahman, 2015), for instance,
proposed mitigation strategies in the form of compiling a
database of areas of disaster potentials; installing an early
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warning system (EWS); conducting socialization, training,
and disaster simulations; and providing information. (EI-
Masri & Tipple, 2002) discuss the importance of cooperation
between related parties to carry out disaster mitigation within
developing countries. The imperativeness of disaster mitigation
strategies in the form of disaster socialization and education,
procurement of logistics, relocation of settlements, identifying
disaster-prone areas, disaster evaluation training, conducting
disaster response volunteer training, and collaborating with
the government and the community is suggested by (Martini,
2011). (Ferreira et al., 2016) accentuate the importance of
zoning land uses to reduce seismic risk. The importance of
reforestation to mitigate the risk of shallow landslides can be
found in (Galve et al., 2016).

The following paragraphs provide a more detailed
description of the 1st to 5th mitigation strategies. The
description is on the proposed mitigation strategies in
association with the Wonogiri’s BPBD as well as similar



Indonesian Journal of Geography, Vol 55, No. 3 (2023) 421-432

proposals in various disaster contexts that can be found in
several types of literature.

a.

The first mitigation strategy: working with related parties
to reduce the potential of disasters. the Wonogiri’s BPBD,
in carrying out disaster management in the regency,
collaborates with several parties such as the government,
academics, entrepreneurs, the community, and the mass
media. Cooperation and coordination between these
parties are essential to minimize the impact of disaster
potentials that potentially occur in the Wonogiri Regency.
The importance of cooperation in disaster management
is in line with various other studies. In the context of
hurricane Katrina and Rita disaster management in the
United States, collaborative decision-making practices
in the EMAC (Emergency Management Assistance
Compact, an understanding of mutual assistance between
states during natural and non-natural disasters in the
United States) are at a relatively satisfactory level (Kapucu
& Garayev, 2011). In the context of shipping in the Arctic
region, cooperation among various stakeholders in
disaster risk management is the most effective mechanism
in formulating disaster prevention and emergency
response plans (Mileski et al., 2018). Cooperation,
collaboration, and coordination are essential aspects
of disaster mitigation, according to (Parkash, 2015).
(Lee, 2020) suggests that knowledge, experience, and
skills of public officials affect the establishment of good
cooperation between various parties involved in disaster
management.

The second mitigation strategy: conducting socialization
and education of disasters. Disaster socialization and
education are carried out by the Wonogiri’s BPBD in areas
considered prone to disasters. The purpose of disaster
socialization and education is to educate the public
about the actions that must be taken when a disaster
occurs and to raise awareness about the importance of
mitigating a disaster before it occurs. Implementing
educational measures in the context of preventing and
reducing exposure to hazards and disaster vulnerabilities,
increasing preparedness in emergency response and
recovery, and thereby strengthening resilience is stated
as one of the goals of the Sendai Framework (UNDRR,
2015). Disaster education is an essential means of ensuring
public safety (Dufty, 2020). The importance of disaster
education in reducing disasters and achieving human
security is widely recognized (Shaw et al., 2011). In Japan,
disaster prevention education accompanied by weekly
exercise has increased self-eflicacy (self-confidence about
the ability to do something), where increased self-efficacy
can improve physical fitness (Katayama et al., 2021). More
specifically, disaster and emergency education is required
to focus more on disaster-prone groups (Torani et al.,
2019). In Indonesia, the importance of disaster education
is stated by (Hayudityas, 2020), (Pahleviannur, 2019),
(Suciana & Permatasari, 2019), (Suhardjo, 2011), and
(Suharini et al., 2015), while (Asteria, 2016), (Kusumawati
& Uman, 2019) and (Purworini et al., 2019) emphasize
the importance of disaster communication.

In the implementation of disaster education, various
methods can be applied. A case study from Tamil Nadu,
India, concluded that the disaster awareness workshop
utilizing the contents of a DRH-Asia (Disaster Reduction
Hyperbase-Asia) (Asharose et al, 2015) can improve
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the level of understanding about disasters and promote
the significance of disaster mitigation actions. The
combination of the principles of participatory action
research (PAR) and grounded theory in a case study of
disaster risk reduction education at a public school in
Biliran Province, the Philippines, is stated as opening
up opportunities for maximum contribution of the
participants towards gaining knowledge, prioritizing
problems, and conceptualizing solutions (Canlas &
Karpudewan, 2020). The application of PAR method in
Houston, Texas, also found that the method contributed
positively to participants’ knowledge on disaster-
resilience (Meyer et al., 2018). Research on using a
disaster awareness game (DAG) applied to grade 5
students in multi-cultural communities in the Turks
and Caicos Islands in the Caribbean concluded that
the approach effectively improved the awareness about
various hazards caused by nature (Clerveaux et al., 2010).
Another research on school-based disaster mitigation
education in elementary schools in Da Nang City, Central
Vietnam, resulted in conclusions about the importance
of leadership and prioritization in helping schools on
managing internal and external resources in order to find
solutions to various challenges (Thi & Shaw, 2016).

The third mitigation strategy: establishing disaster-
resilient villages. In 2021 the Wonogiri's BPBD had
formed 169 disaster-resilient villages or often abbreviated
as Destana. The establishment of a disaster-resilient village
aims to empower rural communities independently so
that they can identify, minimize, and control the risk of
a disaster. This activity is carried out by forming village
volunteers and providing briefings related to disaster
mitigation actions and regional mapping. At the national
level, establishing disaster-resilient villages is a follow-up
to the Regulation of the Head of the National Disaster
Management Agency (or BNPB) No. 1 of 2012 concerning
General Guidelines for the Establishment of Disaster-
Resilient Villages/ Kelurahan. In Indonesia, many studies
related to disaster-resilient villages have been carried out.
Some examples in this regard are research by (Maarif et
al., 2012) on the use of the stimulus-response method in
the initiation of the formation of disaster-resilient villages;
(Oktari, 2019) regarding capacity building for disaster-
resilient villages; and (Saroji et al., 2016) regarding the
impact of the disaster-resilient village program on the
resilience of coastal communities in facing the threat of
a tsunami. In the broader context of various countries,
disaster resilience can be found, for example, in the paper
of (Odiase et al., 2020) about natural disaster-resilience in
the Nigerian community in Auckland, New Zealand; in
(Komino, 2014) about the importance of disaster-resilient
communities and what can be done; in the research work
of (Ainuddin & Routray, 2012) regarding community
resilience to earthquake hazards in Baluchistan; in the
manuscript of (Harrison & Williams, 2016) in the context
of the use of a systems approach for disaster resilience;
and in (Oliver et al., 2019) with regard to the application
of a resilience index against the danger of flash floods in
Colima-Villa de Alvarez, Mexico.

Various studies on disaster resilience provide information
and produce valuable findings. The formation of
community resilience in dealing with natural disasters
in Bangladesh is influenced by good and bad governance
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(Choudhury et al., 2019). Based on a study of 36 people
from 4 senior decision support groups who periodically
experience high levels of stress (Farkash et al., 2017), it
was found that the activity of sharing knowledge among
them was proven to evoke cohesion and hope, and the
intervention given to them was proven to strengthen their
ability to deal with stressful situations. Two case studies
from Japan and Nepal (Sakurai & Thapa, 2017) reveal that
coevolution is a crucial factor in responding to changing
conditions during disasters and that coevolution is
influenced by collaboration and local knowledge. During
the implementation of the Youth Leadership Program

(YLP) after Hurricane Katrina (Osofsky et al.,, 2018),

participants had higher self-efficacy than those who

did not participate in the program. In general, building

community resilience to disasters is a long process

involving many actors, organizations, jurisdictions,
and disciplines that interact with each other over time

(Comfort, 2016).

The fourth mitigation strategy: mapping disaster-prone

areas. Mapping disaster-prone areas is one technique to

improve and strengthen disaster management (Mishra
et al, 2012) and, more especially, disaster mitigation

(Pratiwi et al., 2016; Sherly et al., 2015). Being possible

to evaluate the effects of environmental degradation and

development processes (Chakraborty & Joshi, 2016); a

greater understanding of disasters (Battersby et al., 2011);

and the integration of knowledge and action in the context

of disaster mitigation (Cadag & Gaillard, 2012) are some
advantages of mapping disaster-prone areas.

There are numerous strategies and methods for mapping

disaster-prone areas, either for each prospective disaster

type or for all disaster potentials. Some of these strategies
and methods are participatory mapping (Cadag &

Gaillard, 2012; Jing et al, 2013; Kienberger, 2014; W.

Liu et al., 2018); the World Meteorological Organization

(WMO) model (Arnalds et al., 2004); online disaster

atlases (Battersby et al., 2011); GIS (Anggeraini, 2015;

Bagherzadeh & Mansouri Daneshvar, 2013; Daneshvar &

Bagherzadeh, 2011; Lietal., 2012; Pratiwi et al., 2016; Tran

etal., 2009); remote sensing (Pratama et al., 2014); GIS and

remote sensing (Bisson et al., 2014; Handoko et al., 2017;

Mani & Saranaathan, 2017; Purwanto et al., 2022); the

analytic hierarchy process (AHP) method (Chakraborty

& Joshi, 2016); the AHP and fuzzy variable set theory

(Jia et al., 2019); the Landslide Hazard Evaluation

Factor (LHEF) scoring scheme (Anbazhagan & Ramesh,

2014); rule mining based on the ant colony algorithm

(Lai et al., 2016); probabilistic method (Hashemi et al.,

2013); machine learning (Y. Liu et al,, 2021); and fuzzy

comprehensive evaluation method (Sun et al., 2014).

e. The fifth mitigation strategy: training for disaster
volunteers. In a disaster situation, the natural human
tendency is to assist anyone in need (Gallant, 2008). This
is where volunteerism begins. Volunteers are of several
types (Phillips, 2020): volunteers who are not affiliated
with any organization; volunteers who are affiliated with
a particular organization, professional volunteers; disaster
survivors as volunteers; and international volunteers.
Potential hazards are expected to continue and increase
in the future, so the phenomenon of disaster volunteers is
also likely to increase (Phillips, 2020). Experts call for the
need for skills-based volunteerism (Anonymous, 2019).

428

These skills may include disaster management, first aid,

knowledge of radio communication, and food safety and

storage (Noone, 2017).
4. Conclusion
Based on the results and discussion regarding the
proposal for improving the effectiveness of disaster mitigation
that should be carried out by Wonogiri’s BPBD, the following
conclusions were obtained. First, disasters that can potentially
hit Wonogiri Regency are floods, landslides, strong winds,
volcanic eruptions, earthquakes, tsunamis, forest and land
fires, droughts, and extraordinary events (Kejadian Luar Biasa
or KLB in short). Second, HoR phase 1 resulted in 19 disaster
risk events and 19 disaster risk agents. Third, by implementing
Pareto diagram to the disaster risk agents, it is found that there
are eight dominant disaster risk agents, with “Unstable ground”
as the disaster risk agent with the highest ARP value. Fourth,
the implementation of HoR phase 2 resulted in 15 mitigation
strategies wherein five mitigation strategies with the highest
priority are “Working with related parties to reduce the
potential of disasters”; “Conducting disaster socialization and
education”; “Establishing disaster-resilient villages”; “Mapping
disaster-prone areas”; and “Training for disaster volunteers”.
The results of this study can be considered by related parties,
especially the BPBD of Wonogiri Regency, the Republic of
Indonesia, in carrying out disaster mitigation in the Wonogiri
Regency for the period of 2021 to 2026.
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