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Abstract

The Taal Volcanic Eruption in January 2020 posed signiőcant social and economic challenges to the coastal

municipality of Lemery, Batangas. This disaster emphasizes the need for targeted management strategies,

particularly in coastal communities vulnerable to volcanic eruptions. This study aims to provide a comprehensive

baseline for improving future volcanic disaster management by applying a systems thinking approach and

integrating disaster readiness into land use planning and zoning to address interconnected risks and minimize

vulnerabilities. The study used primary data from key informant interviews, supplemented by secondary data

from government reports and academic literature. Using a phenomenological design, thematic analysis was

used to generate themes on readiness, response, and recovery mechanisms of coastal communities and the

factors affecting them. The őndings identiőed the critical gaps in the municipality’s disaster preparedness,

response, and recovery mechanisms. Signiőcant őndings were (1) total lack of preparedness, (2) individualized

response efforts shaped by socioeconomic conditions, and (3) recovery processes that faced barriers from the

COVID-19 pandemic, ineffective coordination, and poor resource mobilization. These challenges emphasize the

need for a multi-sectoral and cross-boundary approach to disaster risk reduction. Developing an inclusive and

context-sensitive disaster management framework can enhance the resilience of coastal communities, thus

ensuring better outcomes for future volcanic hazards.
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1 Introduction
The Philippines is one of the most disaster-prone countries globally due to its geographical and

topographical characteristics. As an archipelagic nation, with over 7,640 islands surrounded by the

South China Sea and the Paciőc Ocean, the Philippines faces frequent extreme weather events, in-

cluding heavy rains and ŕooding [1]. It is also situatedwithin the Paciőc Ring of Fire, a region known

for high seismic and volcanic activity [2]. With over 300 volcanoes, 24 of which are active, volcanic

eruptions in the Philippines have been particularly devastating. For instance, the 1991 eruption of

Mount Pinatubo, located on the tripoint of Zambales, Tarlac, and Pampanga, displaced hundreds of

thousands and caused thousands of deaths, while the eruption of Mount Mayon in 2018 led tomass

evacuations and widespread damage [3, 4]. Moreover, the Taal volcano eruption in 2020 led to the

evacuation of the nearby communities, human casualties, and damage to properties amounting to

USD 46,081,380 in Batangas province alone [5]. These events illustrate the profound impacts of

volcanic hazards on communities, with over 1,825 recorded deaths from volcanic activity in the

country over the past two decades [6]. To address these challenges, the Philippines has enacted

policies to strengthen disaster management mechanisms of preparedness, response, recovery,

andmitigation. A notable example is the Philippine Disaster Risk Reduction and Management Act

of 2010 or RA 10121, which established a holistic, comprehensive, and proactive framework for

disaster risk reduction in the country. This legislation seeks to minimize the socioeconomic and

environmental impacts of disasters by emphasizing a multi-sectoral approach and fostering the

active participation of all stakeholders in managing andmitigating disaster risk [7].

According to the National Adaptation Plan of the Philippines [8], 55.47% of all municipalities,

48.72% of all the cities, and 81.01% of all the provinces in the Philippines are situated along coast-

lines. Coastal communities rely heavily on the nearby water bodies for food, livelihood, and culture.

However, this proximity exposes them to heightened risks from natural hazards, including sea

level rise, storm surges, and coastal erosion. Despite this, research on volcanic hazards, speciő-

cally in coastal contexts, remains limited in the Philippines, with most disaster studies focusing

on typhoons due to their frequent occurrence and signiőcant impacts [9]. With climate change

contributing to stronger tropical cyclones, contemporary typhoons łhave the potential to kill many

more people than the largest terrorist attackž [10]. Volcanic eruptions, though less frequent, have

equally devastating social and economic consequences, including infrastructure destruction, dis-

placement, long-term livelihood disruptions, and casualties. However, the unpredictable eruptive

power and the often long intervals of quiet dormancy of volcanoes make it challenging to forecast

and study them [11, 12]. The two factors combined contribute to the gap in knowledge that hinders

the complete comprehension of the unique challenges faced by communities in proximity to active

volcanoes. This gap highlights the need for further studies and increased attention to contribute to

developing more effective disaster risk reduction strategies.

Recent literature on disaster risk reduction andmanagement (DRRM) has highlighted the value

of systems thinking as a framework for understanding disasters as complex, interconnected phe-

nomena. Disasters are increasingly recognized as łwicked problemsž characterized by volatility,

uncertainty, complexity, and ambiguity (VUCA), requiring holistic and adaptive approaches [13].

Systems thinking emphasizes the interrelationship, feedback loops, and systemic interaction, en-

abling a more comprehensive understanding of how various factors contribute to disaster risk

and recovery outcomes [14]. This perspective moves beyond linear cause-effect relationships and

instead focuses on dynamic systems, making it highly applicable to the multifaceted challenges of

disasters. Existing literature made signiőcant progress in integrating systems thinking into disaster

risk reduction and management across various hazards, including ŕoods, cyclones, and urban

vulnerabilities. Rehman et al. [14] and Muntanga & Lunga [15] effectively highlight the utility of

tools like Causal Loop Diagrams (CLD) and non-linear frameworks to map interdependencies and

address systemic vulnerabilities. Similarly, Uddin et al. [16] emphasized the importance of systems
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thinking in community resilience, particularly for critical infrastructure systems.

However, these studies predominantly focus on hazards like ŕoods and cyclones, which are

frequent and well-documented, leaving volcanic hazards notably unexplored. Moreover, the in-

tersection of systems thinking and volcanic hazards in coastal contexts is almost absent from

current research. Despite the unique vulnerabilities and exposure to overlapping hazards, no

studies have explicitly applied systems thinking to analyze and address the compound risks of

volcanic eruptions in these settings. The glaring gap in the available literature and the catastrophic

impacts of past volcanic eruptions emphasize the urgent need for targeted disaster management

strategies in the Philippines. These eruptions caused widespread destruction, displacement, and

long-term socioeconomic consequences for affected communities. In response, this study focuses

on the coastal communities of Lemery, Batangas, which were severely affected during the 2020

Taal eruption, to analyze their preparedness, response, and recovery mechanisms. The research

focuses on őve of the 14 impacted coastal barangaysÐ Anak-Dagat, Maligaya, Sambal Ibaba, Wawa

Ibaba, andWawa IlayaÐ to provide a comprehensive baseline for improving future volcanic disaster

management. Guided by the principles of human ecology, particularly systems thinking, which

balances community development with environmental integrity, this assessment highlights the

critical need to integrate disaster readiness into planning and zoning tominimize risks. The őndings

offer practical insights into reducing population and infrastructure exposure to volcanic hazards

while contributing to achieving Sustainable Development Goal 11, advocating for resilient and

sustainable cities and communities. With the continued activity of Taal and other active volcanoes

like Kanlaon, this research is a timely response to the increasing threat of volcanic disasters in the

country.

2 Methodology

2.1 Site Selection
The phreatic eruption of Taal Volcano on January 12, 2020, is one of the most recent signiőcant

volcanic activities in the Philippines. This event generated ground tremors, ashfalls, and pyroclastic

materials, affecting over 400,000 individuals across various areas in South Luzon [17]. Among the

12 municipalities in Batangas severely impacted by the eruption was Lemery, a őrst-class coastal

municipality within a 14-kilometer radius of Taal Volcano (see Figure 1). Due to its proximity, all

residents of Lemery were placed on high alert and evacuated to safety during the crisis.
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Figure 1.

2020 Taal Eruption Danger Zones. Republished from Sabo-o [18] under CC-BY-4.0
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Lemery is located in the province of Batangas and covers a land area of 10,155 hectares. Geo-

logically, the municipality is composed of solidiőed pyroclastic ŕows, lahar deposits, ashfall layers,

lava deposits, and collapsed volcanic craters, evidencing its historical connection to past volcanic

activities [17]. It is a part of the 1st Congressional District of Batangas, situated in the northwestern

part of the province. It is bounded by the Municipality of Calaca (North), Municipality of Agoncillo

(East), Municipality of Taal (South), and Balayan Bay (West) [19]. According to the 2020 Population

Census, Lemery has a population of 93,000 distributed across its 46 barangays.

Preliminary research and consultations with the Municipal Disaster Risk Response and Man-

agement Office identiőed 14 barangays bordering Balayan Bay at heightened risk during volcanic

eruptions. Themunicipality’s Comprehensive LandUse Plan (CLUP) highlights that these barangays

are vulnerable to base surges and volcanic tsunamis, adding further risk to their coastal locations

[19]. Although all 14 coastal barangays were affected by the 2020 Taal Eruption, this study focused

on őve barangays (see Figure 2) based on the following criteria included (1) proximity to water,

(2) primary livelihoods centered around őshing, and (3) high population density and urbanized

settings. After the selection, the identiőed barangays were: (1) Brgy. Anak-Dagat, (2) Brgy. Wawa

Ibaba, (3) Brgy. Sambal Ibaba, (4) Brgy. Wawa Ilaya, and (5) Brgy. Maligaya.

Figure 2.

Research Locale Map. Republished from Sabo-o [18] under CC-BY-4.0

2.2 Research Design
This study employed a phenomenological study design to explore the experiences of the coastal

residents of Lemery, Batangas during the 2020 Taal Eruption. Phenomenology is a researchmethod

that seeks to understand how individuals perceive and interpret their experiences concerning spe-

ciőc events [20]. By focusing on the subjective perceptions and interpretations of the participants,

this qualitative approach enables researchers to capture the complexities of their experiences,

especially in the aftermath of environmental crises.

The design was aligned with incorporating experiential knowledge into disaster management

planning to address the unique socio-economic and cultural dynamics of underserved commu-
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nities [21]. From the perspective of affected communities, understanding Indigenous knowledge

and wisdom on environmental protection, social justice, and economic growth is critical to build-

ing resilience and sustainability through disaster risk reduction efforts [22]. Themethodological

framework of the study is illustrated in Figure 3.

Figure 3.

The Research Methodology of the Study. Republished from Sabo-o [18] under CC-BY-4.0

2.3 Data Collection
This study’s sample size determination was based on a non-randomized quota samplingmethod to

ensure equal representation from each of the őve coastal communities. Four key informants were

selected from each community based on predeőned criteria, resulting in 20 participants. The key

informants satisőed the following criteria: (1) they experienced the 2020 Taal Eruption őrsthand,

(2) living in one of the őve coastal communities determined as a research localeśBrgy. Anak-Dagat,

Brgy. Wawa Ibaba, Brgy. Sambal Ibaba, Brgy. Wawa Ilaya, and Brgy. Maligayaśat the time of the

eruption, and (3) they returned and settled in their respective communities after the eruption. This

ensured a diverse and representative sample that captured the unique perspectives of affected

individuals across all communities.

The key informants were interviewed using a semi-structured interview guide reviewed and

approved by the Municipal Disaster Risk Reduction and Management Office. The questions include

demographic information, preparations done, responses made, and recovery mechanisms they

did during the 2020 Taal eruption. A separate segment asking for possible recommendations was

also included.

The study faced limitations, aswith any research reliant on retrospective accounts. The research

relied on the narratives and self-reported responses of the coastal community members about a

disaster that occurred four years prior. This reliance introduces potential biases andmemory recall

errors, which may be further compounded by the close succession of the volcanic eruption and the

COVID-19 pandemic.

2.4 Data Analysis
The data from the key informant interviews were analyzed using thematic analysis. This method

simpliőed raw data from the in-depth interviews into categorized themes and subthemes [23]. This

identiőed patterns that helped analyze the coastal communities’ readiness, response, and recovery
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mechanisms and the factors that affected them.

The generated themes and connections were illustrated using a causal loop diagram (CLD), a

key tool in systems thinking [24]. The CLDs provided a dynamic visualization of how interrelated

variables interact within a system, highlighting feedback loops and causal relationships. This

systems-thinking approach offered a holistic perspective on the complex interactions inŕuencing

disaster management practices in coastal communities. The CLDs were accompanied by a causality

table (see Table 1) detailing each diagram link. The table included the following variables:

Table 1. Variables of the Causality Table. Adopted from Sabo-o [18] under CC-BY-4.0

2.5 Ethical Considerations
Ethical considerations were carefully observed throughout the study. First, participation was

entirely voluntary, allowing participants to participate freely or opt-out at any research stage.

Second, informed consent was obtained from all participants, providing them with complete

details about the study’s purpose, objectives, potential beneőts, and any risks involved. Third,

conődentiality was maintained by ensuring that participants’ identities were not essential to the

study. Participants were not allowed to disclose their names; only general demographic details

such as age, livelihood, and barangay were recorded. Fourth, participants were informed of their

right to access a summary of the study’s őndings, its main conclusions, and a őnal approved copy

of the study upon request. Lastly, measures were taken to ensure that the study avoided plagiarism

and any form of research misconduct.

3 Results and Discussion

3.1 Disaster Readiness
The 2020 eruption of Taal Volcano exposed a stark reality: no community, regardless of its proximity

to the hazards, was adequately prepared to face the disaster. Table 2 summarizes the factors that

illustrate the interconnected challenges that hindered the preparedness of the Lemery, Batangas

coastal communities.
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Table 2. Causality Table of the factors affecting disaster readiness in coastal communities. Adopted from
Sabo-o [18] under CC-BY-4.0

Limited access to information and resources was widely cited as a signiőcant barrier to the

preparedness of the coastal communities of Lemery, Batangas, with 70% of the key informants ex-

pressing their agreement. Coastal communities, often because of geographic isolation, experience

challenges in receiving timely and accurate disaster information [25]. A participant shared:

"The information we received was insufficient. Because, you know, some people here

don’t use cell phones. So sometimes, internet updates, it’s lackingł (KI06).

The lack of early warning systems and poor internet connectivity hampered the ability of the

residents to receive warnings and updates during the volcanic eruption. These őndings also align

with Tablate [26] emphasizing that effective communication bridges őrst responders, support

networks, and familymembers with disaster-affected communities and individuals. The absence of

technological infrastructure and information exacerbates vulnerability by limiting the community’s

capacity to respond to disasters effectively [27].

Moreover, income and livelihood patterns, particularly intensive livelihoods, also hindered com-

munity engagement in disaster preparedness measures for coastal communities. A balancing trend

emerges when livelihood activities like őshing require signiőcant time commitments, leaving little

room for technological usage and attending disaster preparedness activities [28]. The responses of

the population expressed affirmation of having conŕicting priorities.

"We are not really into social media. We are focused onmaking a living. The barangay

updates are őne. If there’s a problem, the barangay is always attentive or there’s

someone assigned to it and that’s enough." (KI08)

"I haven’t attended any. I can’t say because, you know, making a living, but if I have

the time, maybe." (KI08)

In the coastal communities of Lemery, where the livelihoods do require signiőcant hours of the

day, there was reluctance or inability to divert attention towards DRRM efforts as individuals are

focused on securing their daily sustenance, leaving and relying all the preparations to their LGUs.

The absence of targeted capacity-building initiatives, including DRRM training, drills, and semi-

nars, was a crucial factor that limited the preparedness of the coastal communities. According to
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Hoffmann and Muttarak, disaster preparedness can be signiőcantly enhanced through continuous

education that equips communities with the necessary skills and knowledge [29]. However, in

many cases, training initiatives focus onmore frequent hazards like typhoons, earthquakes, and

őre, neglecting less common but equally devastating threats like volcanic eruptions [30]. One

community member noted,

"Before the volcano erupted, we didn’t have anything prepared for that because the

issues we tackled before were for typhoons, earthquakes, and őres. Those were the

things we were trained for, things we are used to happening in a barangay and com-

munity. But regarding a volcanic eruption, it seems like we were caught off guard."

(KI07)

Without these targeted training opportunities, community member remain uninformed about

how to act during volcanic eruptions, reducing their ability to respond effectively. The reinforcing

trend observed underscores how the lack of comprehensive, hazard-speciőc training leads to a

continuation of unpreparedness, perpetuating vulnerability.

In connection, weak attendance and participation in DRRM activities are recurring issues in

disaster preparedness. Literature often identiőes apathy, lack of trust in government initiatives, or

competing priorities as key reasons for weak participation [31, 32]. However, in the case of Lemery’s

coastal communities, the factors that contributed to this trend were the selective participation

process and the availability of individuals to attend this initiative. One key informant noted,

"It’s selective. Not everyone can be accommodated. Also, the availability of people."

(KI04)

This highlights the limited reach of DRRM programs, where only speciőc individuals, often

local leaders or barangay officials, are prioritized for training or participation. Another informant

emphasized the necessity of their participation due to their roles in the barangay:

Yeah, because it’s necessary. Becausewe serve thebarangay. Weneed tobe thenumber

1 present.(KI03)

Selective participation limits the broader community’s engagement, as those outside the prior-

ity groups oftenmiss critical training and resources, reducing overall preparedness [33]. Moreover,

the lack of inclusive approaches reinforce a cycle of unpreparedness, leaving vulnerable groups

such as women, the elderly, and persons with disabilities with minimal disaster readiness [34].

Incentives are powerful motivators for community engagement in disaster preparedness initia-

tives. Without incentives, participation in DRRM efforts tends to be low, as community members

view them as non-essential and burdensome [35]. Incentives, whether őnancial, social, or logistical,

can encourage community members to prioritize DRRM involvement. The lack of such incentives in

the coastal communities of Lemery, paired with the intensive livelihood of the population, con-

tributed to the weak attendance observed. The reinforcing nature of this relationship suggests

that addressing the lack of incentives could break the cycle of unpreparedness and foster a more

proactive approach to disaster management.
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The causal loop diagram below illustrates the causality of thementioned preparationmeasures

and the factors that inŕuenced or affected them (Figure 4).

Figure 4.

Causal loop diagram of the factors affecting disaster readiness in coastal communities.
Republished from Sabo-o [18] under CC-BY-4.0

3.2 Disaster Response
The őndings revealed that socioeconomic characteristics, including income, resource access, and

social networks, primarily inŕuenced the responses of the coastal communities in Lemery. These

factors shaped decisions on evacuation, cooperation, and access to aid, resulting in varied response

behaviors. Table 3 summarizes the assessment, highlighting how these socioeconomic disparities

impacted disaster response behaviors.
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Table 3. Causality Table of the factors affecting disaster response in coastal communities. Adopted from
Sabo-o [18] under CC-BY-4.0
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Despite their varying capacities, the gravity of the situation during the 2020 Taal Eruption

ultimately necessitated evacuation. One critical factor that inŕuenced the evacuation of the coastal

residents was the lack of access to evacuation vehicles, creating signiőcant challenges for voluntary

evacuation. Coastal and rural communities often lack sufficient transport infrastructure resulting

in delays and difficulties in moving [36]. While the voluntary nature of evacuation relies heavily on

individual decisions, the absence of reliable transportation adds a balancing effect as it prevents

smooth evacuation processes despite residents’ willingness. Participants shared their sentiments

about this lack of access.

It was like łeveryone for themselvesž because it happened suddenly, especially for

those without vehicles. We didn’t have a rescue team at őrst, but later, some came

from themunicipality to help us.ž (KI19)

Some families with access to private vehicles, reached safer locations before the impact of

the eruption. Meanwhile, individuals without access to transportation were assisted by deploying

available vehicles, such as trucks and ambulances. The provision of government-supplied vehicles

and emergency resources played a reinforcing role in encouraging voluntary evacuation. According

to Chen et al. [37], when government support is effectively mobilized, it addresses logistical

challenges and builds trust in disaster efforts. An interviewed barangay police stated:

łFor those without themeans, we went to their barangay, gathered all our available

vehicles like trucks, ambulances; we used everything.ž (KI01)

The evacuees sought refuge in neighboring municipalities including Nasugbu, Balayan, San

Luis, Bauan, and the nearby cities of Calaca and Batangas. According to the experiences the coastal

communitymembers shared, individualswho evacuatedusingmunicipal vehicleswere transported

to a location relatively closer to Lemery. In contrast, those who used private vehicles traveled to

moredistant areas. This strategywas implemented to ensure that community vehicles could quickly

return to Lemery and assist in transporting additional evacuees to safety.

However, despite the danger from the eruption, some coastal residents still resisted evacuation.

Many residents were reluctant to leave their homes for various psychological and socio-economic

reasons. As noted by Cox & Perry [38], people resist evacuation because of strong emotional

connections to their homes, with the idea of leaving their personal belongings behind triggering

feelings of loss and insecurity. Furthermore, concerns about the safety of property and livelihood

deter people from abandoning their homes [39]. The municipality of Lemery responded by cutting

off essential utilities such as water and electricity. One informant recalled:

łThey turned off all the lights, electricity, and water here to force the people to leave. It

was really mandatory.ž (KI02)

Additionally, assisting the nearby municipalities further strained Lemery’s capacity to respond

to local needs. A participant described the situation as follows:

łWhen the volcano erupted, around noon, Lemery was not yet affected. Our initial

response was to help Agoncillo and evacuate the people there. When we were affected

here, it was past 5:00 PM. That’s when we started the evacuation. We even catered to

people from Agoncillo because we brought them here. Eventually, we also sent them

away as we are also affected.ž (KI01)

While inter-municipal cooperation is crucial, it can strain resources and divert attention from

immediate local priorities, mainly when simultaneous emergencies occur [40]. This delayed local
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evacuation highlights the challenges faced whenmunicipalities assist in neighboring areas at the

expense of their readiness.

The poor condition of public infrastructure also played a critical role in Lemery’s evacuation

process. This challenge is particularly pronounced in low-income areas, where investments in

disaster-resilient infrastructure are often inadequate [41, 42]. Substandard infrastructure, such

as poorly maintained and narrow roads and bridges, slowed down the evacuation process in the

municipality. Participants shared their experiences being stuck in traffic while evacuating:

łDue to the traffic, getting out was tough. It became difficult for us here when it erupted

because the earth was quaking and our roads were cracked.ž (KI16)

In hindsight, thepopulation’swillingness and cooperation signiőcantly impacted the evacuation

efforts’ effectiveness. Lemery’s community cooperation was guided by prioritized groups, such as

the elderly, pregnant women, children, and people with disabilities. This ensured that the most

vulnerable members of the community were evacuated őrst. One key informant explained:

"Our priority was the elderly, vulnerable individuals, and those without vehicles. So,

the youth, elderly, those without vehicles, and pregnant women.ž (KI01)

This prioritization is crucial for managing evacuation effectively, as it addresses the needs

of groups that face additional challenges during evacuation [43]. This willingness to prioritize

vulnerable individuals ensured evacuation efforts were smoother andmore coordinated.

Like their preparations, the coastal populations also expressed that the lack of credible infor-

mation and advisories affected their responses. Days after the eruption, themunicipality of Lemery

was put under lockdown, with only authorized visits for brief hours of the day allowed. The lack

of credible information sources led to rumors regarding the lifting of the municipality’s lockdown

and incidences of theft, resulting in the population’s attempts to access their households illegally.

This reinforcing trend highlights transparent and timely communication’s critical role in mitigating

mass panic and security risks [44].

The inadequate budget allocation for DRRM became apparent during the case of the 2020

Taal Eruption in Lemery. The limited őnancial resources affected the relief supplies, resulting

in a disproportionate supply-to-population ratio, leaving many evacuees underserved. Leaders

assigned to proportion the rations stated their experiences:

łOf course, the goods, we need tomanage them. It’s not really thatmuch that’s given to

us. We need to ration it accordingly. It won’t be enough because of the sheer number

of evacuees. We just try to stretch the supplies, but it’s not enough.ž (KI02)

These narratives align with Hamza et al., who emphasized that insufficient funding for disaster

management efforts perpetuates vulnerabilities, especially in resource-constrained municipal-

ities [45]. Fortunately, communicating and coordinating with other LGUs and support groups

balanced the supply and demand. The contribution from other LGUs and groups, in the form of

in-kind donations and logistical support, alleviated the resource shortage. This highlights the im-

portance of efficient inter-agency coordination in disastermanagement efforts to enhance resource

mobilization, as promoted by Menya and K’Akumu [46].

The causal loop diagram below illustrates the causality of the mentioned response mechanism

and the factors that inŕuenced or affected them (Figure 5).
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Figure 5.

Causal loop diagram of the factors affecting disaster response in coastal communities.
Republished from Sabo-o [18] under CC-BY-4.0
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3.3 Disaster Recovery
The ability of the coastal community of Lemery to recover from the eruption was deeply inŕuenced

by their access to resources and support systems. The situation became evenmore complex when

compounded by an additional stressor, the COVID-19 pandemic. Despite these challenges, the

LGU and support groups implemented various recovery mechanisms to assist in the restoration of

the coastal communities. The causality table below summarizes the factors that inŕuenced and

affected these recovery mechanisms (Table 4).

Table 4. Causality Table of the factors affecting disaster recovery in coastal communities. Adopted from
Sabo-o [18] under CC-BY-4.0

Reports from key informants indicated that the criteria for disseminating relief aid were unjust.

This led to an imbalance of őnancial and material support received by the disaster-affected individ-

uals. Due to resource constraints, the LGUwas forced to prioritize providing to łheavily affectedž

members, judged through the damages in their homes. Meanwhile, those who were not able to

report the damages and/or required assistance in other forms were overlooked. A key informant

narrates:

"We didn’t receive anything. Maybe others received, those who said their houses were

severely damaged. But we didn’t report because we were told by the LGU that they

would only provide for severely damaged houses. That’s the only thing they needed to

address." (KI07)
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Kathleen Geale [47] highlighted that disaster relief should be equitable, ensuring aid reaches

thosemostneed it. Whenaid isdistributedbasedonbiasedor inequitable criteria, speciőc segments

of the population, particularly the most vulnerable, may not receive their fair share of assistance.

However, őnancially constrainedmunicipalities are often unable to do so, allocating the available

resources to those who they deem łreally need itž [48].

The result of the provision of őnancial andmaterial aid played a critical role in facilitating the

restoration of the damaged houses and infrastructure in Lemery. Recovery efforts proceedmore

smoothly when sufficient resources are available [49]. Rouhanizadeh et al. [50] stated that timely

őnancial support accelerates rebuilding and reduces long-term socioeconomic disruption. This

aligns with the LGU’s effort to provide immediate support for its constituents.

Lemery also partnered with non-governmental organizations (NGOs) and other support groups

during recovery. A key informant expressed their experience receiving aid from the support group:

"Usually, from private companies, they give basic needs. Some also gave őnancial aid.

Like the church, like in CALASAC, they provided rooőng sheets andmaterials to repair

houses." (KI01)

The presence of these support groups complemented Lemery’s efforts by providing additional

resources. According to Seddiky et al. [51], NGOs bring expertise and ŕexibility that government

programs often lack. This allows for more tailored and rapid responses to disasters. This external

support was crucial in the recovery process of the coastal communities in Lemery as the LGU’s

resources were stretched thin or delayed.

The signiőcant delay in the distribution of őnancial aid led the coastal population to speculate

about potential corruption. Corruption during the disaster recovery phase leads to a signiőcant

loss of resources intended for relief efforts, resulting in a balancing effect that undermines recovery.

Relief funds may be diverted or mismanaged, preventing the aid from reaching the intended

beneőciaries. A key informant narrates:

"The assistance that the Governor was supposed to give for repairs wasn’t given to us.

That was our only hope, but it wasn’t given." (KI03)

Corruption delays recovery and fosters mistrust in authorities and relief organizations [52].

However, corruption has been identiőed as a common barrier to effective disaster management

efforts, particularly in regions where governance structures are weak [53].

Aside from the lack of őnancial aid, livelihood disruptions signiőcantly affected the ability of

households to restore damaged homes on their own. As local economies took time to recover,

many individuals struggled to rebuild, further delaying recovery. An informant expressed:

"It really affected our lives, primarily our livelihood. Our vendors, immediately have no

customers. Most here sell ősh in the market, but when they arrive there, there are no

stalls immediately; the roofs are damaged. We were stuck at home, and couldn’t őnd

work immediately." (KI07)

This balancing effect highlights the interconnectedness of economic stability and the ability

to recover from disasters. According to Colburn et al. [54], losing income sources compounds

vulnerabilities and recovery, especially in communities that rely on agriculture, őshing, or small

businesses.

In response to the growing concerns about the lack of immediate income sources, the LGU of

Lemery initiatedmandated recovery programs in the form of alternative work opportunities. These

cash-for-work and food-for-work programs included planting and cleaning debris and ashfall in

exchange for őnancial relief. A key informant described the program as follows:
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"Yes. We had a cash-for-work project with Agriculture. They will plant, and then they

will be paid. The names of the volunteers were given by the Barangay Captain, they

were referred. They can also clear up debris and ash and they will get paid." (KI02)

However, the COVID-19 pandemic further exacerbated the challenges faced by the coastal com-

munities in the aftermath of the Taal eruption. As health protocols took precedence, post-eruption

damage assessments were delayed, preventing timely interventions and hindering recovery plan-

ning.

"But many properties were really damaged due to őssures. Because the extent of our

recovery wasn’t thoroughly measured, COVID erupted. We couldn’t thoroughly assess

the actual damages and recovery." (KI01)

This balancing trend effect demonstrates how the pandemic disrupted normal recovery pro-

cesses and diverted attention away from the immediate needs of the disaster-affected population.

According to Martinez-Villegas et al. [55], the pandemic added a layer of complexity to the recovery,

as health concerns restrictedmovement, meetings, and resource mobilization. Additionally, the

pandemic also compounded the disruption to income and livelihood, worsening the economic

strain of the coastal communities of Lemery. The ongoing őnancial crisis and the pandemic further

delayed recovery efforts as many households struggled to secure basic income. A key informant

shared their experience:

"It’s like we didn’t achieve recovery because, following the volcanic eruption, COVID

happened. It’s like no one recovered because of the quarantine. We couldn’t even leave

the house." (KI06)

The causal loop diagram below illustrates the causality of thementioned recovery mechanisms

and the factors that inŕuenced or affected them (Figure 6).
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Figure 6.

Causal loop diagram of the factors affecting disaster recovery in coastal communities. Republished
from Sabo-o [18] under CC-BY-4.0

4 Conclusion and Recommendation
The study reveals several critical factors for enhancingdisastermanagement in coastal communities

vulnerable to volcanic eruptions. A key őnding from the study in Lemery, Batangas, was the lack of

preparedness for the 2020 Taal Eruption, caused by the combination of the unpredictable nature of

the disaster and the lack of local capacity-building initiatives. This resulted in their responses being

spontaneous reactions determined by their socio-economic characteristics. Using systems thinking,

these fragmented responses were understood as parts of a larger, interconnected system, where

vulnerabilities in the area, such as infrastructure deőcit, cascade to exacerbate other challenges,

such as transportation difficulties, population vulnerabilities, and logistical issues. In the recovery

phase, systems thinking provided an overview of the interdependent challenges that needed to

be addressed. Financial constraints, health conditions, knowledge gaps, and disruptions to daily

activities, compounded by the COVID-19 pandemic, signiőcantly hindered recovery efforts. The

Lemery, Batangas coastal communities emphasize the importance of a comprehensive disaster

and risk reduction and management plan. Other key actions include improving post-disaster

assessments, ensuring sufficient emergency supply, increasing budget allocations, and investing in

necessary DRRM tools and infrastructure.

In alignment with Sustainable Development Goal (SDG) 11, this study advocates for building
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inclusive, safe, resilient, and sustainable communities by integrating systems thinking into DRRM

policies and practices. By doing so, coastal communities can mitigate the impacts of volcanic

eruptions, reduce socio-economic disparities in DRRM initiatives and ensure adaptive, long-term

solutions that enhance the overall well-being of the populations. The őndings provide recommen-

dations to improve the disaster management efforts of coastal communities in Lemery, Batangas,

in anticipation of future volcanic eruptions:

1. Long-term Relocation Studies: Conduct in-depth studies on the feasibility and acceptabil-

ity of long-term relocation for coastal residents, considering their attachment to homes and

livelihoods.

2. Multi-Sectoral Collaboration: Encourage active participation and engagement from all sectors

to ensure a uniőed and efficient response when disasters arise. A smoother response requires a

more efficient systemwith established clear communication channels and protocols for infor-

mation sharing at all levels (from national to barangay) during volcanic crises.

3. Resource Allocation and Budget Planning: Advocate for increased budget allocations dedi-

cated todisastermanagementefforts, including theprovisionof emergency supplies, equipment,

and infrastructure development. Investing in technologies that can capitalize on the context

of coastal communities, such as early warning systems and transport boats, can help improve

overall resilience.

4. Capacity Building. Invest in capacity-building programs for communitymembers, local leaders,

and responders to enhance their skills exclusive to the context of volcanic eruptions.

5. Cross-Boundary Coordination. Developing protocols for cross-boundary coordination and

information-sharing mechanisms between neighboring municipalities and national agencies

can contribute to a more efficient response.

6. Incorporate Local Practices. Incorporating local knowledge, such as traditional evacuation

routes and community-based coping strategies, ensures planning efforts are locally relevant.

Community consultations can help update land use and zoning plans based on new information

or changing environmental conditions.

7. Develop Integrated, Multi-Hazard Plans. Systems thinking highlights the interconnectedness

of hazards. Facing multiple risks such as volcanic eruptions, tsunamis, storm surges, and pan-

demic, plans must be ŕexible and adaptable to evolving circumstances. Adopting multi-hazard

plans that recognize how these risks interact and compound ensures comprehensive disaster

preparedness.

This article is the full version of the research paper presented at the 2024 DCERP Research Day, CHE-UPLB [56, 57] and the
International Conference on Human Settlements Planning and Development (ICHSPD) 2024, SM Aura, BGC, Manila [58].

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 19



Statements and Declarations

Acknowledgment
The authors gratefully acknowledge the indispensable support of the MDRRMO and LGU of Lemery,

Batangas.

Conflict of Interest
The authors declare no conŕicts of interest.

Ethical Considerations
This study was conducted following the Declaration of Helsinki. Free, prior, and informed consent

(FPIC) was sought from the participants, which included explaining the purpose of the study, their

voluntary participation, and how the data collected would be used.

Data Availability
The data presented in this study are available upon request from the authors.

Author Contributions
A.J.M.S.: conceptualization, methodology, formal analysis, investigation, writingÐoriginal draft

preparation, visualization. A.G.L.dM.: conceptualization, methodology, writingÐoriginal draft

preparation, supervision. K.S.A.C.B: conceptualization, validation, writingÐreview, and editing.

C.B.A.: conceptualization, validation, writingÐreview and editing.

References
[1] Andal, A. G., PraveenKumar, S., Andal, E. G., Qasim, M. A., & Velkin, V. I. (2022). Perspectives

on the barriers to nuclear power generation in the Philippines: prospects for directions in

energy research in the Global South. Inventions, 7(3), 53. https://doi.org/https://doi.org/10.

3390/inventions7030053

[2] Paguican, E. M., Grosse, P., Fabbro, G. N., & Kervyn, M. (2021). Morphometric classiőcation and

spatial distribution of Philippine volcanoes. Journal of Volcanology and Geothermal Research,

418, 107251. https://doi.org/https://doi.org/10.1016/j.jvolgeores.2021.107251

[3] Baluyut, M. F. (2023). Hesus Kanakangbungat Nipakapara: Aetas’ Soteriological Experience

from Pinatubo Eruption to Present. In Philosophies of appropriated religions: Perspectives

from southeast asia (pp. 199ś210). Springer. https://doi.org/https://doi.org/10.1007/978-

981-99-5191-8_15

[4] Martinez-Villegas, M. M., Solidum, R. U., Saludadez, J. A., Pidlaoan, A. C., & Lamela, R. C.

(2021). Moving for safety: A qualitative analysis of affected communities’ evacuation response

during the 2014 Mayon Volcano eruption. Journal of Applied Volcanology, 10, 1ś24. https:

//doi.org/https://doi.org/10.1186/s13617-021-00109-4

[5] Kurata, Y. B., Prasetyo, Y. T., Ong, A. K. S., Nadlifatin, R., Persada, S. F., Chuenyindee, T., & Cahi-

gas, M. M. L. (2022). Determining factors affecting preparedness beliefs among Filipinos on

Taal Volcano eruption in Luzon, Philippines. International Journal of Disaster Risk Reduction,

76, 103035. https://doi.org/https://doi.org/10.1016/j.ijdrr.2022.103035

[6] Bankoff, G. (2024). The history of natural hazards in the Philippines. In Oxford Research Ency-

clopedia of Asian History. https://doi.org/https://doi.org/10.1093/acrefore/9780190277727.

013.821

[7] Philippine Disaster Risk Reduction and Management Act. (2010). https://www.officialgazette.

gov.ph/2010/05/27/republic-act-no-10121/

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 20

https://doi.org/https://doi.org/10.3390/inventions7030053
https://doi.org/https://doi.org/10.3390/inventions7030053
https://doi.org/https://doi.org/10.1016/j.jvolgeores.2021.107251
https://doi.org/https://doi.org/10.1007/978-981-99-5191-8_15
https://doi.org/https://doi.org/10.1007/978-981-99-5191-8_15
https://doi.org/https://doi.org/10.1186/s13617-021-00109-4
https://doi.org/https://doi.org/10.1186/s13617-021-00109-4
https://doi.org/https://doi.org/10.1016/j.ijdrr.2022.103035
https://doi.org/https://doi.org/10.1093/acrefore/9780190277727.013.821
https://doi.org/https://doi.org/10.1093/acrefore/9780190277727.013.821
https://www.officialgazette.gov.ph/2010/05/27/republic-act-no-10121/
https://www.officialgazette.gov.ph/2010/05/27/republic-act-no-10121/


[8] National Adaptation Plan of the Philippines 2023-2050. (2023). https://unfccc.int/sites/

default/őles/resource/NAP_Philippines_2024.pdf

[9] Anticamara, J. A., & Go, K. T. B. (2017). Impacts of super-typhoon Yolanda on Philippine reefs

and communities. Regional environmental change, 17, 703ś713. https : / /doi .org /https :

//doi.org/10.1007/s10113-016-1062-8

[10] Flannery, T. F. (2006). The weather makers: How man is changing the climate and what it

means for life on earth. Grove Press. https://doi.org/https://doi.org/10.1086/513396

[11] Poland, M. P., & Anderson, K. R. (2020). Partly cloudy with a chance of lava ŕows: Forecasting

volcanic eruptions in the twenty-őrst century. Journal of Geophysical Research: Solid Earth,

125(1), e2018JB016974. https://doi.org/https://doi.org/10.1029/2018jb016974

[12] Burgos, V. (2022). Overcoming data scarcity for probabilistic eruption forecasting at data-

limited volcanoes. https://doi.org/https://doi.org/10.32657/10356/166192

[13] Chen, T. (2024). Theworld of vuca. In Endogenous community design: Community revitalization

enabling ecosystem for collective impact (pp. 1ś10). Springer. https://doi.org/https://doi.org/

10.1007/978-3-031-56756-8_1

[14] Rehman, J., Sohaib, O., Asif, M., & Pradhan, B. (2019). Applying systems thinking to ŕood

disaster management for a sustainable development. International journal of disaster risk

reduction, 36, 101101. https://doi.org/https://doi.org/10.1016/j.ijdrr.2019.101101

[15] Mutanga, S. S., & Lunga, W. (2021). Uncertainty in disaster risk management: A reŕection

on cyclone idai using the systems thinking approach. Cyclones in Southern Africa: Volume 2:

Foundational and Fundamental Topics, 179ś192. https://doi.org/https://doi.org/10.1007/978-

3-030-74262-1_12

[16] Uddin, M. S., Routray, J. K., & Warnitchai, P. (2019). Systems thinking approach for resilient

critical infrastructures in urban disastermanagement and sustainable development.Resilient

structures and infrastructure, 379ś415. https://doi.org/https://doi.org/10.1007/978-981-13-

7446-3_15

[17] Del Castillo, M., Paraiso, P., Vicente, M., Jamero, M., & Narisma, G. (2020). Impacts of Taal

Volcano phreatic eruption (12 January 2020) on the environment and population: Satellite-

based observations compared with historical records. Manila Observatory. https://www.

observatory.ph/2020/04/20/impacts-of- taal- volcano-phreatic- eruption-12- january-

2020-on-the-environment-and-population-satellite-based-observations-compared-with-

historical-records/

[18] Sabo-O, A. J. M. (2024). A coastal community’s readiness, response, and recovery to volcanic

eruptions: The case of Lemery, Batangas during the 2020 Taal eruption. University of the

Philippines Los Baños [Undergraduate Thesis]. https : / /www.ukdr. uplb . edu . ph / etd -

undergrad/11580

[19] ComprehensiveLandUsePlan2012-2021.MunicipalPlanningandDevelopmentOffice,Lemery,

Batangas, Philippines. (2021).

[20] Delmas, P. M., & Giles, R. L. (2023). Qualitative research approaches and their application in

education. https://doi.org/https://doi.org/10.1016/B978-0-12-818630-5.11003-6

[21] Shorten, A., & Smith, J. (2017). Mixed methods research: Expanding the evidence base. https:

//doi.org/https://doi.org/10.1136/eb-2017-102699

[22] Ham, C. M. (2024). Reŕecting on the 1775 Mount Gamalama eruption: Lessons from indige-

nous knowledge for sustainable development in Ternate Island, North Maluku Province,

Indonesia. Journal of Human Ecology and Sustainability, 2(3), 2. https : / /doi .org /https :

//doi.org/10.56237/jhes24ichspd01

[23] Clarke, V., & Braun, V. (2017). Thematic analysis. The journal of positive psychology, 12(3),

297ś298. https://doi.org/https://doi.org/10.1080/17439760.2016.1262613

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 21

https://unfccc.int/sites/default/files/resource/NAP_Philippines_2024.pdf
https://unfccc.int/sites/default/files/resource/NAP_Philippines_2024.pdf
https://doi.org/https://doi.org/10.1007/s10113-016-1062-8
https://doi.org/https://doi.org/10.1007/s10113-016-1062-8
https://doi.org/https://doi.org/10.1086/513396
https://doi.org/https://doi.org/10.1029/2018jb016974
https://doi.org/https://doi.org/10.32657/10356/166192
https://doi.org/https://doi.org/10.1007/978-3-031-56756-8_1
https://doi.org/https://doi.org/10.1007/978-3-031-56756-8_1
https://doi.org/https://doi.org/10.1016/j.ijdrr.2019.101101
https://doi.org/https://doi.org/10.1007/978-3-030-74262-1_12
https://doi.org/https://doi.org/10.1007/978-3-030-74262-1_12
https://doi.org/https://doi.org/10.1007/978-981-13-7446-3_15
https://doi.org/https://doi.org/10.1007/978-981-13-7446-3_15
https://www.observatory.ph/2020/04/20/impacts-of-taal-volcano-phreatic-eruption-12-january-2020-on-the-environment-and-population-satellite-based-observations-compared-with-historical-records/
https://www.observatory.ph/2020/04/20/impacts-of-taal-volcano-phreatic-eruption-12-january-2020-on-the-environment-and-population-satellite-based-observations-compared-with-historical-records/
https://www.observatory.ph/2020/04/20/impacts-of-taal-volcano-phreatic-eruption-12-january-2020-on-the-environment-and-population-satellite-based-observations-compared-with-historical-records/
https://www.observatory.ph/2020/04/20/impacts-of-taal-volcano-phreatic-eruption-12-january-2020-on-the-environment-and-population-satellite-based-observations-compared-with-historical-records/
https://www.ukdr.uplb.edu.ph/etd-undergrad/11580
https://www.ukdr.uplb.edu.ph/etd-undergrad/11580
https://doi.org/https://doi.org/10.1016/B978-0-12-818630-5.11003-6
https://doi.org/https://doi.org/10.1136/eb-2017-102699
https://doi.org/https://doi.org/10.1136/eb-2017-102699
https://doi.org/https://doi.org/10.56237/jhes24ichspd01
https://doi.org/https://doi.org/10.56237/jhes24ichspd01
https://doi.org/https://doi.org/10.1080/17439760.2016.1262613


[24] Roxas, F. M. Y., Rivera, J. P. R., & Gutierrez, E. L. M. (2019). Locating potential leverage points

in a systems thinking causal loop diagram toward policy intervention.World Futures, 75(8),

609ś631. https://doi.org/https://doi.org/10.1080/02604027.2019.1654784

[25] Haworth, B., & Bruce, E. (2015). A review of volunteered geographic information for disaster

management. Geography Compass, 9(5), 237ś250. https://doi.org/https://doi.org/10.1111/

gec3.12213

[26] Tablate, R. T. (2023). Livelihood vulnerability to the hazards of climate change: The case of

selected coastal communities in Virac, Catanduanes. Journal of Human Ecology and Sustain-

ability, 1(1), 6. https://doi.org/10.56237/jhes22008

[27] Zakour, M. J., & Gillespie, D. F. (2013). Community disaster vulnerability. Theory, Research,

and Practice, 143ś60. https://doi.org/https://doi.org/10.1007/978-1-4614-5737-4

[28] Sentilles, F. (2023). Understanding the disaster response of Bahian Artisanal Fishers and

exposures to crude oil during the 2019 Northeast Brazil Oil Spill. https://doi.org /https:

//doi.org/10.17615/9z34-kj43

[29] Hoffmann, R., & Muttarak, R. (2017). Learn from the past, prepare for the future: Impacts of

education and experience on disaster preparedness in the Philippines and Thailand.World

Development, 96, 32ś51. https://doi.org/https://doi.org/10.1016/j.worlddev.2017.02.016

[30] Dollete, L., et al. (2020). Disaster awareness and preparedness of barrio community in Zam-

bales, Philippines: Creating a baseline for curricular integration and extension program.

Review of International Geographical Education Online, 10(2), 92ś114. https://doi.org/https:

//doi.org/10.33403/rigeo.634564

[31] Fung, A. (2015). Putting the public back into governance: The challenges of citizen partici-

pation and its future. Public administration review, 75(4), 513ś522. https://doi.org/https:

//doi.org/10.1111/puar.12361

[32] Kala, D., & Bagri, S. (2018). Barriers to local community participation in tourism development:

Evidence frommountainous state Uttarakhand, India. Tourism: An International Interdisci-

plinary Journal, 66(3), 318ś333. https://doi.org/https://hrcak.srce.hr/206164

[33] Soriano, R. F. (2021). Women’s involvement in disaster risk reduction and management

in the Province of Pangasinan, Philippines. The ASTR Research Journal, 5(1), 1ś1. https :

//doi.org/https://orcid.org/0000-0002-3442-4454

[34] Basista, A. B. (2023). Disaster preparedness and risk management strategies of the local

governmentunit inRosario,NorthernSamar, Philippines. Journal ofNamibianStudies: History

Politics Culture, 34, 2290ś2302. https://doi.org/https://doi.org/10.59670/jns.v34i.2978

[35] Manlangit, A. C. C. (2023). Politics versus preparedness? how electoral incentives affect the

provision of local disaster public goods in the Philippines. Philippine Political Science Journal,

44(3), 274ś306. https://doi.org/https://doi.org/10.1163/2165025x-bja10052

[36] Kaiser, N., & Barstow, C. K. (2022). Rural transportation infrastructure in low-and middle-

income countries: A review of impacts, implications, and interventions. Sustainability, 14(4),

2149. https://doi.org/https://doi.org/10.3390/su14042149

[37] Chen, J., Chen, T. H. Y., Vertinsky, I., Yumagulova, L., & Park, C. (2013). Publicśprivate part-

nerships for the development of disaster resilient communities. Journal of contingencies

and crisis management, 21(3), 130ś143. https://doi.org/https://doi.org/10.1111/1468-

5973.12021

[38] Cox, R. S., & Perry, K.-M. E. (2011). Like a ősh out of water: Reconsidering disaster recovery

and the role of place and social capital in community disaster resilience. American journal of

community psychology, 48, 395ś411. https://doi.org/https://doi.org/10.1007/s10464-011-

9427-0

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 22

https://doi.org/https://doi.org/10.1080/02604027.2019.1654784
https://doi.org/https://doi.org/10.1111/gec3.12213
https://doi.org/https://doi.org/10.1111/gec3.12213
https://doi.org/10.56237/jhes22008
https://doi.org/https://doi.org/10.1007/978-1-4614-5737-4
https://doi.org/https://doi.org/10.17615/9z34-kj43
https://doi.org/https://doi.org/10.17615/9z34-kj43
https://doi.org/https://doi.org/10.1016/j.worlddev.2017.02.016
https://doi.org/https://doi.org/10.33403/rigeo.634564
https://doi.org/https://doi.org/10.33403/rigeo.634564
https://doi.org/https://doi.org/10.1111/puar.12361
https://doi.org/https://doi.org/10.1111/puar.12361
https://doi.org/https://hrcak.srce.hr/206164
https://doi.org/https://orcid.org/0000-0002-3442-4454
https://doi.org/https://orcid.org/0000-0002-3442-4454
https://doi.org/https://doi.org/10.59670/jns.v34i.2978
https://doi.org/https://doi.org/10.1163/2165025x-bja10052
https://doi.org/https://doi.org/10.3390/su14042149
https://doi.org/https://doi.org/10.1111/1468-5973.12021
https://doi.org/https://doi.org/10.1111/1468-5973.12021
https://doi.org/https://doi.org/10.1007/s10464-011-9427-0
https://doi.org/https://doi.org/10.1007/s10464-011-9427-0


[39] McCaffrey, S., Wilson, R., & Konar, A. (2018). Should I stay or should I go now? Or should I

wait and see? Inŕuences on wildőre evacuation decisions. Risk analysis, 38(7), 1390ś1404.

https://doi.org/https://doi.org/10.1111/risa.12944

[40] Elston, T., & Bel, G. (2023). Does inter-municipal collaboration improve public service re-

silience? evidence from local authorities in England. Public Management Review, 25(4), 734ś

761. https://doi.org/https://doi.org/10.1080/14719037.2021.2012377

[41] Hallegatte, S., Vogt-Schilb, A., Bangalore, M., & Rozenberg, J. (2016). Unbreakable: Building

the resilience of the poor in the face of natural disasters. World Bank Publications. https:

//doi.org/https://doi.org/10.1596/978-1-4648-1003-9

[42] Agaton, C. B., Guno, C. S., Labog, R. A., & Collera, A. A. (2023). Immediate socioeconomic

impacts of Mindoro oil spill on ősherfolk of Naujan, Philippines. Resources, 12(9), 102. https:

//doi.org/10.3390/resources12090102

[43] Dulebenets, M. A., Pasha, J., Kavoosi, M., Abioye, O. F., Ozguven, E. E., Moses, R., Boot, W. R.,

& Sando, T. (2020). Multiobjective optimizationmodel for emergency evacuation planning

in geographical locations with vulnerable population groups. Journal of Management in

Engineering, 36(2), 04019043. https://doi.org/https://doi.org/10.1061/(asce)me.1943-

5479.0000730

[44] Drury, J., Novelli, D., & Stott, C. (2013). Representing crowd behaviour in emergency planning

guidance:‘mass panic’or collective resilience? Resilience, 1(1), 18ś37. https://doi.org/https:

//doi.org/10.1080/21693293.2013.765740

[45] Hamza, M., Eriksson, K., & Staupe-Delgado, R. (2021). Locating potential sources of capacity

and vulnerability in geographically remote areas: Reŕections based on three case studies.

International Journal of Disaster Risk Reduction, 63, 102433. https://doi.org/https://doi.org/

10.1016/j.ijdrr.2021.102433

[46] Menya, A. A., & K’Akumu, O. (2016). Inter-agency collaboration for őre disaster management

in Nairobi City. Journal of Urban Management, 5(1), 32ś38. https://doi.org/https://doi.org/

10.1016/j.jum.2016.08.001

[47] Kathleen Geale, S. (2012). The ethics of disaster management. Disaster Prevention and Man-

agement: an International Journal, 21(4), 445ś462. https://doi.org/https://doi.org/10.1108/

09653561211256152

[48] Liu, Y., & Xu, R. (2024). Money talks: How őnancial constraint inŕuence corporate environ-

mental behavior prioritization. International Review of Economics & Finance, 91, 556ś578.

https://doi.org/https://doi.org/10.1016/j.iref.2024.01.014

[49] Rouhanizadeh, B., & Kermanshachi, S. (2020). Post-disaster reconstruction of transportation

infrastructures: Lessons learned. Sustainable Cities and Society, 63, 102505. https://doi.org/

https://doi.org/10.1016/j.scs.2020.102505

[50] Rouhanizadeh, B., Kermanshachi, S., & Dhamangaonkar, V. S. (2019). Identiőcation and cate-

gorization of policy and legal barriers to long-term timely postdisaster reconstruction. Jour-

nal of Legal Affairs and Dispute Resolution in Engineering and Construction, 11(3), 04519014.

https://doi.org/https://doi.org/10.1061/(asce)la.1943-4170.0000307

[51] Seddiky, M. A., Giggins, H., & Gajendran, T. (2020). International principles of disaster risk re-

duction informingNGOsstrategies for community-basedDRRmainstreaming: TheBangladesh

context. International journal of disaster risk reduction, 48, 101580. https://doi.org/https:

//doi.org/10.1016/j.ijdrr.2020.101580

[52] Komalasari, R., &Mustafa, C. (2024). Strengthening asset recovery efforts: A path tomitigating

corruption in the public sector. Integritas: Jurnal Antikorupsi, 10(1), 137ś148. https://doi.org/

https://doi.org/10.32697/integritas.v10i1.1042

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 23

https://doi.org/https://doi.org/10.1111/risa.12944
https://doi.org/https://doi.org/10.1080/14719037.2021.2012377
https://doi.org/https://doi.org/10.1596/978-1-4648-1003-9
https://doi.org/https://doi.org/10.1596/978-1-4648-1003-9
https://doi.org/10.3390/resources12090102
https://doi.org/10.3390/resources12090102
https://doi.org/https://doi.org/10.1061/(asce)me.1943-5479.0000730
https://doi.org/https://doi.org/10.1061/(asce)me.1943-5479.0000730
https://doi.org/https://doi.org/10.1080/21693293.2013.765740
https://doi.org/https://doi.org/10.1080/21693293.2013.765740
https://doi.org/https://doi.org/10.1016/j.ijdrr.2021.102433
https://doi.org/https://doi.org/10.1016/j.ijdrr.2021.102433
https://doi.org/https://doi.org/10.1016/j.jum.2016.08.001
https://doi.org/https://doi.org/10.1016/j.jum.2016.08.001
https://doi.org/https://doi.org/10.1108/09653561211256152
https://doi.org/https://doi.org/10.1108/09653561211256152
https://doi.org/https://doi.org/10.1016/j.iref.2024.01.014
https://doi.org/https://doi.org/10.1016/j.scs.2020.102505
https://doi.org/https://doi.org/10.1016/j.scs.2020.102505
https://doi.org/https://doi.org/10.1061/(asce)la.1943-4170.0000307
https://doi.org/https://doi.org/10.1016/j.ijdrr.2020.101580
https://doi.org/https://doi.org/10.1016/j.ijdrr.2020.101580
https://doi.org/https://doi.org/10.32697/integritas.v10i1.1042
https://doi.org/https://doi.org/10.32697/integritas.v10i1.1042


[53] Kuruppu, N., & Willie, R. (2015). Barriers to reducing climate enhanced disaster risks in least

developed country-small islands through anticipatory adaptation. Weather and Climate

Extremes, 7, 72ś83. https://doi.org/https://doi.org/10.1016/j.wace.2014.06.001

[54] Colburn, L. L., Jepson, M., Weng, C., Seara, T., Weiss, J., & Hare, J. A. (2016). Indicators of

climate change and social vulnerability in őshing dependent communities along the Eastern

and Gulf Coasts of the United States. Marine Policy, 74, 323ś333. https://doi .org /https:

//doi.org/10.1016/j.marpol.2016.04.030

[55] Martinez-Villegas, M. M., Reniva, P. D., Sanico, L. R. D., Loza, A. R., Seda, R. G., Doloiras, D. F., &

Pidlaoan, A. C. (2022). Perspectives on the 12 January 2020 Taal Volcano eruption: An analysis

of residents’ narrative accounts. Frontiers in Earth Science, 10, 923224. https://doi.org/https:

//doi.org/10.3389/feart.2022.923224

[56] Buno, G. A. C., Agaton, C. B., de Mesa, A. G. L., Talubo, J. P. P., & Calvelo, J. A. S. (2024). 2024

research conference on human settlements plannning. College of Human Ecology, University

of the Philippines Los Baños. https://doi.org/10.56237/2024rchsp

[57] Calvelo, J. A. S. (2024). Synthesis of Contributions to the 2024 Research Conference onHuman

Settlements Planning. In G. A. C. Buno, C. B. Agaton, A. G. L. de Mesa, J. P. P. Talubo, & J. A. S.

Calvelo (Eds.), 2024 Research Conference on Human Settlements Plannning (pp. 5ś11). College

of Human Ecology, University of the Philippines Los Baños. https : / /doi .org /10 .56237 /

2024rchsp_2

[58] Reyes Jr, E. M., Devanadera, M. C. E., & Agaton, C. B. (2024). Advancing sustainable cities and

communities through science, technology, and innovation: Proceedings from the International

Conference inHumanSettlementsPlanningandDevelopment (ICHSPD) 2024. CollegeofHuman

Ecology, University of the Philippines Los Baños. https://doi.org/10.56237/ichspd2024

Sabo-o et al. (2025) | Journal of Human Ecology and Sustainability 2(3), 7 24

https://doi.org/https://doi.org/10.1016/j.wace.2014.06.001
https://doi.org/https://doi.org/10.1016/j.marpol.2016.04.030
https://doi.org/https://doi.org/10.1016/j.marpol.2016.04.030
https://doi.org/https://doi.org/10.3389/feart.2022.923224
https://doi.org/https://doi.org/10.3389/feart.2022.923224
https://doi.org/10.56237/2024rchsp
https://doi.org/10.56237/2024rchsp_2
https://doi.org/10.56237/2024rchsp_2
https://doi.org/10.56237/ichspd2024

	Introduction
	Methodology
	Site Selection
	Research Design
	Data Collection
	Data Analysis
	Ethical Considerations

	Results and Discussion
	Disaster Readiness
	Disaster Response
	Disaster Recovery

	Conclusion and Recommendation

