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4/ Abstract

Climate change aggravates the natural disaster risks of communities with the increased
temperature, rainfall variability, and rising sea level. In countries like the Philippines, prone
to natural disaster risks due to their location, it is essential to have an effective and efficient
disaster management system as an adaptation action to climate change. Information and
communications technology (ICT) has been identified as critical in delivering coordinated and
integrated information across the board. It is a crucial tool to improve and strengthen the disaster
management system. This study examines the utilization of ICT in disaster management in the
local government protocol during typhoon emergencies. The authors conduct a key informant
interview and analyze disaster risk reduction (DRR) policy and strategy implementation. The case
of Guimaras, Philippines, during the onslaught of Typhoon Nalgae (local name: Paeng) on October
2022, highlights the importance of ICT. The Local Government Unit of Guimaras, through their
Provincial Disaster Risk Reduction Management Office, utilizes different communication tools to
warn and prevent casualties during typhoon landfall. Through various communication tools and
strategies such as GIS mapping, social media, the internet, mobile phones, handheld radio, and
local announcements, the provincial government unit of Guimaras implements early evacuation
to 159 families from disaster risks. Guimaras also implements clearing of the toppled trees on
the road and the trees posing dangers to homes. These efforts resulted in zero casualties and
minimized damage to property and public infrastructure.

Keywords: Information and Communications Technology, Climate Change Adaptation, Disaster
Management, Philippines, Typhoon Nalgae

1. Introduction

1.1 Climate Change and ICT

Climate change is a change in the climate that can be identified by changes in the
mean and variability of its properties (IPCC, 2022). It persists for an extended period,



typically decades or longer. The global average temperature is expected to increase by
1.1-6.4°C during the 21st century (ITU & GeSI, 2011). The Sixth Assessment Report (AR6)
of the Intergovernmental Panel on Climate Change (IPCC) highlighted the effects of
climate change as a result of extreme variations in climate parameters, such as increased
temperature, rainfall variability, intense flood, rising sea level rise, and severe tropical
cyclones (IPCC, 2022).

Information and communication technologies (ICTs) are tools and programs that
electronically record, transmit, and present data and information (ITU & GeSI, 2011). In
the last few years, ICT has advanced quickly and penetrated the community's aspect of
daily life. ICT is an enabling technology that can help close the gap among community
members (Firdhous and Karuratane, 2018).

1.2 Study Location

The Philippines experiences numerous typhoons each year due to its location in the
Pacific. The Philippines is affected by global climate change in two ways: by changing
weather patterns and rising sea levels, which will affect coastal communities and low-
lying urban areas (Bollettino et al., 2020).

According to DOST-PAGASA, the country’s meteorological agency, the Philippines
experiences up to 25 typhoons yearly, 5-8 of which are destructive. Furthermore, the
country is frequently experiencing extreme weather events, including temperatures
above 35°C, heavier rains, and typhoons stronger than the 30-year average for the region.
Climate change makes the nation more susceptible to destructive typhoons, longer-lasting
droughts, and floods (NEDA, 2018).

The Philippines is more vulnerable to tropical storms than any other country. The
National Hurricane Center (NHC) reported that the Philippines was affected by 5 of
the 11 strongest tropical cyclones in world history (Santos, 2021). The strongest typhoon
which made landfall in the country was Super Typhoon Goni, which struck Catanduanes,
Philippines, in 2020. In addition, according to the National Oceanic and Atmospheric
Administration, five (5) super typhoons with at least 160 mph winds have hit the country
since 1952.

Guimaras Province, an island ecosystem, is composed of five coastal municipalities. It is a
fourth-class province in the administrative region of Western Visayas in Central Philippines.
Guimaras has 98 barangays, 55 of which 55 are coastal (PEMSEA and Guimaras, 2018).
Barangays are small administrative communities under the municipalities. The island
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province covers a land area of 60,547 hectares with a total coastline length of 470.29 km. The
land elevations of Guimaras Island range from 0 to 300 meters above sea level (Guimaras
Forest Land Use Plan 2017-2026). Guimaras’ climate is tropical, with an average temperature
of 27.5°C (NEDA, 2018).

The province’s geographical location makes it vulnerable to natural hazards.
Climatological hazards threatening the region include flooding, rain-induced landslides,
and storm surges (NEDA, 2018). The table below shows the number of barangays per
municipality susceptible to natural hazards.

Table 1. Number of barangays prone to water-related natural hazards

Number of barangays prone to natural hazards

Rain
Municipality | Total barangays induced Storm Tsunami-
landslide- |surge-prone| Prone

prone
Buenavista 36 8 9 12 0
Jordan 14 11 1 5 4
Nueva Valencia 22 12 4 4 11
San Lorenzo 12 3 1 5 3
Sibunag 14 10 4 5
Guimaras Province 98 44 19 31 23

Source: PEMSEA and Guimaras (2018)

Guimaras island is vulnerable to natural disaster risks intensified by typhoons and
monsoon rains. The strongest typhoon that affected the province was Super Typhoon
Haiyan (local name: Yolanda), which made landfall in November 2013. The province had
agricultural losses worth PhP 41,210,200 or USD 746,223.59. Fortunately, no casualties
were recorded (PEMSEA and Guimaras, 2018).

1.3 Study Objectives

This study discusses the role of information and communication technologies (ICT)
in disaster management as a response to climate change in the local government units
(LGUs) of Guimaras, Philippines. This study examines the ICT utilization in disaster
management in the local government protocol during typhoon emergencies. The study
focuses on the actions taken by the Provincial Disaster Risk Reduction Management



Council (PDRRMO) of Guimaras, Philippines, in its disaster management during the
onslaught of Typhoon Nalgae last October 28-30, 2022.

Furthermore, the result of this case study will be a foundation for other researchers to
come up with more literature in the field of information technology utilization in disaster
management, specifically, the role of ICT in improving disaster management as a response
to climate change in rural communities in developing countries.

2. Disaster Management and ICT

2.1 Climate Change and Natural Disasters

Climate change has extensive adverse effects on nature and people, which makes them
more vulnerable (IPCC, 2022). Natural disasters are adverse events on Earth’s biological
processes. Natural disasters are detrimental to both natural and built environments,
which result in damages that exceed the ability of the local community to recover
independently (Firdhous and Karuratane, 2018). Since natural and human systems
are being stressed beyond their capacity for adaptation, the rise in weather and climate
extremes has had irreversible impacts on the community (IPCC, 2022).

Disasters are measured by lives lost, economic and livelihood losses, and environmental
costs. The effects of natural disasters are even more devastating in developing economies
because of their weak adaptive capacity, vulnerable population, and scarce resources
(Mbongo and Djoumessi, 2021). Unfortunately, among the many millions suffering
the most from these changes are the poor and residents of coastal regions. This applies
everywhere and unquestionably to island countries like the Philippines (Bollettino et al,,
2020).

2.2 Disaster Management as Climate Change Adaptation Action

Climate change vulnerability comprises three elements: sensitivity, exposure, and
adaptive capacity. Exposure is the degree of experience of communities to climate
change, including its intensity and frequency. The sensitivity is the degree of the reaction
to climate change, be it beneficial or adverse impacts. Adaptive capability, on the other
hand, is the degree to which changes in practices, procedures or structures can lessen or
counteract the possibility of harm or take advantage of opportunities from climate change
(IPCC, 2022).

Given the dangers of climate change, safeguarding biodiversity and ecosystems is
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essential to establishing climate-resilient communities. In building resilience, actions
could be the maintenance of benefits for people, disaster risk reduction, and climate
change adaptation. Disaster risk management and early warning systems apply to various
climate change adaptation options (IPCC, 2022).

OCHA (2013) and IPCC (2022) further define, Disaster risk as the potential loss of life,
injury, or destroyed or damaged assets that could occur to society or a community in a
specific period, determined by the three elements of climate change vulnerability.

The Bali Action Plan (2007) for climate change calls for increased adaptation efforts
that consider the requirements of developing nations, which are especially exposed to the
adverse effects of climate change. Building resiliency on the impacts of climate change at
the local level requires adaptation (ITU & GeSI, 2011). It is the government's responsibility
to mitigate the effects and risks of climate disasters and protect the population and
economy through integrated approaches such as prevention, preparedness, and early
warning systems. The government should emphasize climate change adaptation actions
through disaster management (Babel et al., 2020).

The United Nations states the four (4) disaster management stages: prevention or
mitigation, preparedness, response, and recovery (OCHA, 2013).

The disaster prevention or mitigation stage involves the persistent elimination or
reduction of the effects and long-term risks of disasters to the community. With the
growing number of disasters and their costs, it has become obligatory to mitigate or
eliminate both their short and long-term effects. If natural disasters are anticipated and
identified, their consequences can be minimized. Disaster mitigation activities aim
to protect lives and economic infrastructures and reduce response and recovery costs
(Firdhous and Karuratane, 2018).

The disaster preparedness stage entails developing the required emergency functions
to respond to and recover from any disaster effectively. These include planning and
implementing actions aimed at saving lives and properties. Operations involve recruiting,
assigning, and training equipped personnel; identifying needed resources and supplies;
and designating emergency facilities (Firdhous and Karuratane, 2018).

The disaster response stage is defined as urgent operations to save lives and property
while taking measures to reduce the hazard at acceptable levels. Disaster response
activities include evacuating victims, providing food, water, shelter, and medical care,
and resuming essential public services. When an emergency arises or as soon as it does,
the response phase gets started (Firdhous and Karuratane, 2018). Systems must be
created to improve open and quick communication and information sharing among the



organizations engaged in disaster relief operations to develop faster response times to
disasters (Banipal, 2006).

The disaster recovery stage is rebuilding communities so that people, organizations, and
governments can function independently, lead regular lives, and be protected from future
disasters. Recovery begins when the emergency is over (Firdhous and Karuratane, 2018).

2.3 Role of ICTs in Disaster Management
2.3.1 ICTs in Disaster Management as Climate Adaptation

Information and communications technologies (ICTs), in general, and radio-based
remote sensors are the primary tools for climate monitoring and climate change
prediction. The ICTs are crucial for addressing the threat of climate change. Examples
include enhanced communications to assist in dealing with natural catastrophes more
effectively for monitoring natural disasters. Current early warning, detection, and
prediction systems of ICTs for disasters should be widely used in developing nations as
they are vital for saving lives (ITU & GeSI, 2011).

During disasters, a general disaster management plan establishes the chain of command.
The wise use of ICT is the best factor that mitigates the worst impacts of climate change-
induced risk of natural disasters (Bhattarai, 2018). For disaster management to be
effective, information is essential. Information production, dissemination, and gathering
are necessary for internal and external use during emergencies. Decisions are more likely
to be made swiftly and successfully when information is produced and disseminated
promptly (PAHO, 2009). Throughout the stages of disaster management, ICT assists
people in gathering, exchanging, and processing vital disaster-related information (Sakurai
and Murayama, 2019).

Firdhous and Karuratane, in 2018, discussed the role of ICT in each stage of disaster
management. Geographical Information Systems (GIS) and various dissemination
techniques can be used for early warning during the prevention/mitigation stage. During
the preparedness stage, one of the best ways to inform the public about disaster risks is
to provide disaster preparedness information in text, audio, and video formats. ICT can
be used to effectively plan and carry out disaster response during and immediately after
disasters. Communication between various stakeholders involved in disaster response,
including the victims, is the most crucial aspect of ICT during a disaster. ICT will
facilitate communication between people in recovery with their peers, friends, family,
and others who live elsewhere. They will gain more political and cultural knowledge and
experience (Firdhous and Karuratane, 2018).
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2.3.2 The Global Observing Systems (GOS)

The ICT systems monitor the environment and climate and disseminate data.
These systems, also called global observing systems (GOS), are weather satellites,
radiocommunication systems, and satellite and terrestrial systems. The weather satellites
and radars track the progress of typhoons, while the radio-based meteorological aid
systems collect and process weather data. The radiocommunication systems provide an
early warning for hazardous weather conditions and storms. The satellite and terrestrial
systems are used to disseminate information as early warning systems about various
natural disasters and mitigate the negative impacts of disasters (ITU & GeSI, 2011).

The GOS provides the primary technical information on the planet’s atmosphere. The
protection of life and property through the detection, forecasting, and warning of severe
weather phenomena like local storms and tropical cyclones are the advantages of GOS.
These technologies already assist nations in adapting to the impacts of climate change (ITU
& GeSI, 2011). ICT applications in disaster management can bring all the stakeholders
together and effectively manage and coordinate response activities (Firdhous and
Karuratane, 2018).

2.3.3 The Geographical Information System (GIS)

Bhattarai D.R., in 2018, conducted a study on the effects of the geographical information
system (GIS) in Nepal. The GIS is crucial for resource forecasting and redistribution
through geographic mapping. Understanding current and future vulnerabilities, how
to prevent or reduce them, the likelihood of a threat, the costs associated with potential
outcomes, and how to mitigate them are all necessary for managing the future risk of
natural disasters. Additionally, it was intended to evaluate the challenges and potential of
hazard mitigation and ascertain the impact of climate change mitigation.

2.3.4 The Social Media

While the new information technologies represented by social media have changed
the way, disaster management disseminates information. Information systems enhance
situational awareness and decision-making. Social media has changed the way
governments and communities react to disasters. Online social media applications help
citizens report their situations and requests (Sakurai and Murayama, 2019).



3. Methodology

The study is qualitative, in which the authors consulted secondary data in evaluating
and analyzing existing disaster risk reduction (DRR) policy and strategy implementation.
The study was carried out under the ethical principles of nonmaleficence, beneficence,
informed consent, and integrity.

The documents involved in the related literature review are the Philippine Disaster
Risk Reduction and Management Act of 2010, the National Disaster Risk Reduction and
Management Plan (2020-2030), the DILG Disaster Preparedness Manual Operation Listo,
and the Guimaras PDRRMC post-disaster assessment report of Typhoon Nalgae.

Furthermore, a key informant interview was conducted on Dec. 2, 2022, through the
online zoom platform with Ms. Teresita G. Siason, the local government disaster risk
reduction management officer (LDRRMO), and Mr. Lew S. Novilla, LDRRM assistant
of the provincial government of Guimaras, Philippines. The semi-structured interview
questions were based on the NDRRMC protocol and a series of progressive actions during
the critical period of the weather disturbance.

LDRRMO Siason has been the PDRRMO of Guimaras for almost 15 years. LDRRMO
Siason sets the province's development, direction, coordination, and implementation of
disaster risk management programs. The LDRRMO heads the office that coordinates
disaster risk reduction and management activities following the standards and guidelines
established by the National DRRM Council. Subsequently, it facilitates and supports
municipal risk assessments and contingency planning activities. The authors also
conducted a series of online chat consultations from Nov. 10, 2022, to Dec. 10, 2022, with
LDRRM Assistant Novilla. Mr. Novilla heads the Guimaras Emergency Operation Center
and coordinates with Municipal DRRM offices during typhoon emergencies.

4. Results and Discussion

One of the country’s approaches to climate change hazards is strengthening its disaster
management, which is legislated through the Republic Act 101211 or the Philippine
Disaster Risk Reduction and Management Act of 2010. The law aims to promote and
implement the comprehensive National Disaster Risk Reduction and Management
(NDRRM) Plan. It seeks to strengthen government capacity, build disaster-resilient
communities, and improve disaster preparedness.
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The current NDRRM framework and strategic plan (2011-2028) aims at a balanced
approach to disasters by employing the four (4) priority areas of Disaster Prevention
and Mitigation, Disaster Preparedness, Disaster Response, and Disaster Recovery and
Rehabilitation, as shown in figure 1. The NDRRMC framework priority areas adopted the
disaster management stages of the United Nations, as discussed in the previous chapter.

Figure 1. NDRRM Framework Priority Areas

Prevention/
Mitigation

Recovery Preparendness

Respone

The National Disaster Risk Reduction and Management Council (NDRRMC) has
the authority to set policy and oversee the implementation of the NDRRM Plan. The
NDRRMC is the ‘surveillance agency’ that monitors natural hazards like tropical
cyclones, headed by the Office of the Civil Defense (ABC, 2014).

The chain of command is vital in general disaster management in a disaster. Emergency
Operations Centers (EOC) are facilities for planning, managing, and making the critical
decisions necessary for efficient emergency management. Their primary responsibility is
coordinating emergency response and deciding on the technical and policy issues that
guarantee a prompt, efficient, and coordinated response (PAHO, 2009).

Even though the country has started on the road to disaster resilience, climate change
is still worsening the effects of the disaster across the globe, putting vulnerable countries
at risk. This prompts the government to take a more proactive and well-organized
approach to the issues brought on by disasters and climate hazards. The government has
emphasized climate change adaptation actions, one of which is disaster management.



The government and local government units have proactively approached disaster
management as part of the government's responsibility to create a resilient community
and strengthen the populace against climate hazards. As the first responders in the
community, the local government units (LGUs) take the initiative in helping the populace
prepare for, anticipate, and lessen the effects of disasters. Provincial governors and
municipal mayors are the chairmen of the province or municipal Local Disaster Risk
Reduction and Management (LDRRM) Council. The LDRRM officers assist them in
implementing the progressive actions that LGUs must undertake during critical disasters
and weather disturbances (DILG, 2018).

During the activation of the Emergency Operation Center during the onslaught of
typhoon Nalgae, the Guimaras Emergency Operation Center (EOC) was on red alert
status. The forecasted Typhoon Nalgae poses an immediate threat, prompting the EOC
to declare the area on red alert. The red alert is the highest level of coordination and
monitoring between stakeholders. Guimaras provincial EOC closely monitors its areas
of responsibility by coordinating the five (5) municipal EOCs of Jordan, Buenavista, San
Lorenzo, Sibunag, and Nueva Valencia.

With the help of the Municipal and Barangay DRRM Councils, the EOC closely
coordinates and monitors the continuous transmission of warnings and advisories to
the communities. While emergency personnel, vehicles, and equipment are on standby,
the PDRRMC Emergency Hotline is also continuously accessible. The municipal
DRRM councils activated the response clusters under the red alert, which resulted in
the evacuation of residents living in high-risk areas, the distribution of typhoon-related
advisories, and a reminder of social behaviors and hygiene precautions in evacuation
centers and response activities concerning the Covid-19 pandemic.

The EOC of Guimaras PDRRMC utilized ICTs as their climate change adaptation
strategy during typhoons, as shown in figure 2.
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Figure 2. Guimaras PDRRMC ICT
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4.1 Geographic Information System Mapping

The Island Province of Guimaras made hazard maps through Geographic Information
System Mapping. Hazards maps provide information on areas prone to flooding,
landslides, earthquake, and other climate hazards to manage the site accordingly and
avoid casualty by banning residential areas near risk places.

Usually, these maps are provided by the national government agency, Mines and
GeoScience Bureau. However, the Province of Guimaras was able to create a localized
map that is more comprehensive and updated to be able to pinpoint areas that are hazard-
prone households in various disasters accurately.

Hazard maps overlay the parts of a community and the specific households at risk of the
typhoon’s impact. Therefore, mitigation actions before the typhoon’s landfall and post-
event recovery can be implemented effectively using hazard maps. Guimaras employ GIS
mapping as a powerful and adaptable tool to aid in efficient and transparent decision-
making, such as implementing evacuation plans.

4.2 Internet

The local government units monitor the typhoon’s eye location, wind speed, and rainfall



intensity and track it through the government-based website. These websites have big
data analytics implemented on a cloud system. The country’s meteorological agency, the
Department of Science and Technology—Philippine Atmospheric, Geophysical, and
Astronomical Services Administration (DOST-PAGASA), maintains and updates the
climate hazards on these websites. The specific websites are http://bagong.pagasa.dost.gov.
ph, https://v2-cloud.meteopilipinas.gov.ph/, and http://philsensors.asti.dost.gov.ph/.

Local DRRMCs' coordination is officially sent through email. Meeting notices and
municipal situation reports are transmitted through email every six (6) hours to
trace paper trails, and communication flows for prompt and complete information
dissemination.

4.3 Social media

Guimaras PDRRMC has a Facebook Messenger group so members can communicate
easily through their cellular phones and computers. PDRRMC members send pictures
and videos easily. Official documents are shared through this platform. More importantly,
partial situation reports are sent in real-time. Communities and municipalities efficiently
share the photos and videos of the incident they want to report to the Guimaras EOC.

On the other hand, Guimaras PDRRMC coordinated with the higher regional level
DRRMC through Viber. The regional DRRMC is led by the Office of Civil Defense (OCD).
OCD transmits updates and instructions to the PDRRMC through Viber.

Important announcements from the provincial government to the community were
disseminated through social media, like suspending classes and work. Temporary
suspension and resumption of maritime public transportation trips were also distributed
through social media

Through this platform, communities share relevant information with the provincial
government. The response team immediately knows the status of the emergency in the
community. Twenty (20) families affected by flooding were able to be evacuated. Forty-
two (42) families were safely evacuated due to the possible rockslide and damaged riprap.
PDRRMC also implemented clearing of the toppled trees and landslide incidents on the
roads and the trees posing dangers to homes.

4.4 Cellular phone calls/text and Handheld Radio

Guimaras PDRRMC manages to bring weather updates, a notice of meetings, and
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coordination with municipal DRRMCs through cellular calls and text. During the
imminent danger from the typhoon, the Guimaras PDRRMC EOC is augmented by
the local facility of the provincial government, the 4Ks. This 4Ks facility, which means
Komunikasyon Kontra Krimen at Kalamidad (Communication against calamity and
crime), communicates vital information to the community. 4Ks facility already has their
community database to send text brigades. These text brigades consist of safety reminders,
forecasted intensity, and track of Typhoon Nalgae in dialect or vernacular. 4Ks personnel
requested the approval of LDRRMO Siason or her representative on the vernacular
translation of the intensity forecast. 4Ks facility has direct contact with the community
leaders (punong barangays) in case of emergency and urgent situations that do not need
to go through the municipal disaster risk and management officer. When the punong
barangays cannot be contacted, their sub-leaders, the sangguniang barangay members,
are communicated with by the 4Ks facility personnel.

For communities without cellular signals or are damaged by typhoons, communication
is still possible through battery-operated handheld radios. All the 98 barangays or small
communities have their own handheld radios. These are operated and maintained by the
community leaders (punong and sangguniang barangays).

5. Conclusion

The use of information technology and communication tools during disaster
management of typhoons in the island province of Guimaras has yielded positive results.
The Island province of Guimaras recognized ICT as an effective tool for adaptation
strategy to climate change. ICT has also been identified as an enabler that can effectively
bridge the communication gap between different levels of government and the community
during typhoons and other climate hazards.

The utilization of ICT helped the island province of Guimaras manage the natural
disaster Typhoon Nalgae allowing the local government unit to proactively respond
to emergencies and preserve human lives upon the typhoon’s onslaught. Utilizing the
different technology and communications tools in the locality, the local government unit
of Guimaras Province has successfully readied pre-emptive/forced evacuation plans and
conducted an inventory of supplies, equipment, and the stockpile of goods. Community
leaders (punong barangays) were informed of the weather advisory to plan appropriate
responses upon the typhoon’s landfall.

The island province of Guimaras has effectively disseminated public warnings



through established warning systems and weather bulletins, especially to families in
identified danger zones. The local government units were able to organize the following
teams: Administrative/Logistical Support Team, Search, Rescue, and Retrieval Teams,
Security Teams, Medical Teams in Evacuation Centers, and Clearing Operations
Teams in preparation for the impact of Typhoon Nalgae. Guimaras PDRRMO post-
disaster assessment reports showed an agricultural loss worth PhP 919,277.50 or USD
16,646.04. Fortunately, there were no casualties during Typhoon Paeng (Nalgae). There
were 159 families, or 500 people, in their 20 evacuation centers, with minimal roads and
infrastructure impacts.

It is recommended to integrate information and communication technology in all stages
of disaster management and to develop an integrated model for disaster management
at the local level as a disaster management enhancement for capacity development
and resilience of climate change vulnerable communities. Documentation of the best
practices in the climate adaptation strategy against typhoons will be able to develop local
initiatives and institutionalize them for future improvements. Lastly, it is recommended
to explore further the comparison of the role of ICT in disaster management with the
adjacent provincial government units and by surveying the communities as the receiver of
information.
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