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BACKGROUND AND RATIONALE
Manifestations of a changing climate are already observed in the Philippines. Limited
available local data show that increasing trends in sea level rise (SLR), sea surface
temperature (SST), and extreme event occurrences are consistent with the increasing
global trends. Satellite observations from 1993 to 2015, for example, reveal that the
SLR in the Philippines has increased by about twice the global average. In addition,
coastal tide gauge records around the country indicate generally increasing sea levels
over the past 50 years (Met Office, 2016). The lack of localized information and local
communities’ understanding on SLR, increasing sea surface temperature (ISST), and
ocean acidification (OA) brought about by climate change and their impacts on coastal
and small island communities have constrained policy and decision makers, planners,
and development agents in formulating and effectively implementing policies and
measures to adapt to and mitigate the negative consequences of climate change.
The Visayas State University (VSU), through its Regional Climate Change Research and
Development Center, in partnership with the Institute for Climate and Sustainable
Cities (ICSC), and with funding support from CordAid, conducted this research in
recognition of the fact that climate change must be fully understood through the
generation of science-based evidence prior to the development of interventions for
adaptation and mitigation toward building a high level of resilience among vulnerable
communities. The initiative is ICSC’s continuing advocacy to increase the awareness
of communities, particularly vulnerable ones, of climate change and its implication
for development policy. This study was aimed at examining the occurrence and
impacts of slow-onset events (SOEs) of SLR, ISST, and OA in the coastal areas and
small island ecosystems of Guiuan, Eastern Samar in Eastern Visayas and Santa
Fe, Bantayan Island, Cebu in Central Visayas. The study also sought to validate the
information generated and projections made on the basis of satellite observations
using the localized data gathered through actual ground measurements. The findings
of the study are expected to serve as a useful basis in providing actionable local
policy recommendations and measures to reduce the negative impacts of SOEs on
vulnerable coastal and small island communities.
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RESEARCH METHODS
Study Sites
Selection of research sites was based on the level of vulnerability of coastal areas and
small islands to SLR, ISST, and OA as perceived by the researchers in terms of exposure
to hazards, sensitivity and adaptive capacity, accessibility, and willingness of local
communities to participate in the scientific undertaking. Research sites were installed
in the municipality of Guiuan, Eastern Samar in Eastern Visayas and the municipality of
Santa Fe, Bantayan Island, Cebu in Central Visayas. Sites selected in Guiuan were the
coastal fishing communities in Barangays Campoyong and Sulangan and the small island
community of Barangay Trinidad in Tubabao Island (Fig. 1).

Fig. 1. Project location in coastal barangays of Campoyong (a) and Sulangan (b) and in Barangay
Trinidad (c) in the small island of Tubabao, municipality of Guiuan, Province of Eastern Samar, Eastern
Visayas, October 2018.

Guiuan is a second-class municipality in Eastern Samar and is politically subdivided into
60 barangays, 37 of which are located in the mainland while 23 are located in the islands
surrounding the mainland. It is located at the southeasternmost tip of Samar Island and
bounded by the municipality of Mercedes in the north, the Philippine Sea and Pacific
Ocean in the east, Surigao Strait in the south, and Leyte Gulf in the west. Numerous
islands and islets, including Manicani, Calicoan, Sulangan, Candulo, Homonhon, Suluan,
and Tubabao, are clustered around the municipality and are protected as part of the
marine reserve of Guiuan Protected Landscape and Seascape.
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Fig. 2. Project location in the coastal barangay of Talisay (a) and small island barangay of Hilantagaan
(b), municipality of Santa Fe, Bantayan Island, Province of Cebu, Central Visayas, October 2018.

The municipality of Santa Fe in the southeastern part of Bantayan Island, Cebu Province
was selected as a research site because of the existence of coastal communities and
small islands that are exposed and sensitive to the impacts of SOEs, and because of their
relatively low capacity to mitigate and adapt, thus making them highly vulnerable to
SLR, ISST, and OA. Observation sites were installed in the coastal barangay of Talisay in
the mainland and small island barangay of Hilantagaan located at the northeastern part
of the municipality (Fig. 2).
Santa Fe is a fourth-class municipality with 10 barangays and a population of 28,603
people (2015 census, Wikipedia 2018). It occupies the southeastern portion of Bantayan
Island together with the islands of Guintacan, Hilantagaan, and Hilantagaan Diot. It is
considered the gateway to Bantayan and its islands because the island’s airport and
principal ferry port are both located within the municipality. It is bordered by the town of
Bantayan in the north and west, the town of Medellin in the east, and Tañon Strait in the
south. The principal sources of income in this municipality are fishing and agriculture, as
well as tourism from holiday makers who come in large numbers to enjoy fine sand and
uncrowded beaches.
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Partnership Development, Community Consultation,
and Organization
The VSU Ocean Research Team made initial communications and arrangements
concerning the implementation of the study with the officials and key staff of the local
government units (LGUs) of Guiuan and Santa Fe through the assistance of ICSC and
CordAid staff. The research was presented to the members of the Municipal Council
during the Sangguniang Bayan session in Guiuan. An orientation meeting about the study
and its relevance was held during the LGU’s development planning with the Local Chief
Executive and key Section Heads of Santa Fe (Fig. 3).

Fig. 3. Courtesy visits and orientation meetings with Barangay Sulangan, Guiuan Chair, and council
members, along with members of a fishermen association (a); meeting and orientation with the Mayor
and LGU officers of Santa Fe, Bantayan Island, Cebu (b), October 2018.

Initial discussion visits and orientation were also conducted with the fisher folks,
barangay officials, and representative households in selected coastal fishing and
small island communities in Guiuan and Santa Fe, respectively. During the initial visits,
arrangements with local partners such as LGU focal persons and local data collectors
were made for field operations and data collection. Short on-field trainings were
conducted, and communication links were established among the selected local data
collectors to ensure efficient data collection (Fig. 4).

Fig. 4. Local fisher folks being trained in data collection and recording in Barangay Campoyong, Guiuan,
Eastern Samar (a); discussion and orientation session in Barangay Talisay, Santa Fe, Bantayan Island, Cebu (b).
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Field Installation of Tide Gauges and Observation Points
Guiuan, Eastern Samar sites
To measure SLR, the team developed an improvised tide gauge made of a 2 inchdiameter PVC pipe. Given its capability to provide precise measurements of tide level,
the measuring device has been tested and used in the research and instruction programs
of VSU (Fig. 5). Two improvised tide gauges were installed in Guiuan: one in Barangay
Campoyong and the other in Barangay Sulangan. Same stations were used as observation
points for SST and seawater pH measurements.

Fig. 5. (left) VSU-improvised tide gauge and trained local
data collector in Barangay Campoyong, Guiuan, Eastern
Samar.
Fig. 6. (above) NAMRIA tide gauge station in Guiuan port as
the source of primary data on SLR and SST.

A computer-based digital tide gauge installed by the National Mapping and Resource
Information Authority (NAMRIA) of the Department of Environment and Natural
Resources (DENR) at the Guiuan Port in Poblacion was adopted to collect primary data on
SLR and SST (Fig. 6).

Santa Fe, Bantayan Island sites
In Santa Fe, the computer-based digital tide gauge of
NAMRIA, DENR installed in Santa Fe Port, Barangay
Talisay was used as the source of primary historical
data on tide levels and SST (Fig. 7). The site served
as the station for SST and pH measurements. An
improvised tide gauge was installed in the small
island of Barangay Hilantagaan, which also served as
the measuring station for SST and pH (Fig. 8).

Fig. 7. NAMRIA digital tide gauge in Santa Fe Port, Bantayan
Island, Cebu.

9

Impacts of Climate Change Slow-Onset Events of Sea Level Rise, Increasing Sea Surface Temperature, and Ocean Acidification in Coastal Fishery Areas and Small Island Ecosystems in Visayas, Philippines

Field Measurements and Data Collection and Analysis
Sea Level Rise (SLR), Increasing Sea Surface Temperature (ISST),
and Ocean Acidification (OA)
Local data collectors were identified to measure and record local data through the
support of municipal officials. The data collectors were trained on-site for SLR, ISST, and
pH monitoring using the installed improvised tide gauges and simple digital measuring
instruments for SST and pH (Fig. 9). Data were collected on a 24-hour basis from October
2018 to January 2019, four times in a month, i.e., every 15th and 30th and during full and
new moon when, according to the locals, the sea level is high. The research team also
obtained 10-year primary data from NAMRIA on sea level and sea water salinity in Guiuan
and Cebu mainland stations, as well as 5-month data (August–December 2018) from the
newly installed digital recorder in Santa Fe Port, Bantayan Island. Data were analyzed
using MS Excel.
Coastal or beach profiling was also conducted to trace the extent of coastal changes that
were intuitively caused by rising sea level, strong waves, and storm surges (Fig. 10).
Scientists have identified severe coastal erosion as a major effect of SLR (Siringan et al.
2015).

Fig. 8. Improvised tide level gauge installed in the small island of Hilantagaan, Santa Fe, Bantayan Island (a),
Cebu with the trained data collectors (b).

Fig. 9. (left) Simple digital measuring instruments for SST (a) and sea water pH (b).
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Fig. 10. (above) Beach profiling along the coast of Barangay Talisay, Santa Fe, Bantayan Island, Cebu.

Key Informant Interview (KII) and Focus Group Discussion (FGD)
KII and FGD sessions were also conducted to gather the views and experiences of
the local people about climate change and the effects of SLR, ISST, and OA on their
safety and livelihoods. KIIs were conducted with key officials of municipal LGUs. FGDs,
including participatory coastal resource mapping, were initiated among fisher folks,
household representatives, and barangay officials in the coastal and small island
research sites (Fig. 11).

Fig. 11. FGD in Barangay Talisay, Santa Fe (a) and coastal and marine resource mapping in the small island
barangay of Hilantagaan, Santa Fe, Bantayan Island, Cebu (b).
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FINDINGS OF THE STUDY
Source of Income of the Respondents
Fishing is the main source of income of the respondents in the Guiuan and Santa Fe
sites, which are areas located in coastal and small islands (Table 1). Alternative sources
of income include farming and non-farm livelihood, such as shell crafting, operating a
small store, carpentry, and tricycle driving. Compared with the Santa Fe respondents, the
Guiuan respondents have more diverse alternative income sources as employees, labor
workers, and/or cooperative members.
Table 1. Source of income of local community respondents of FGD in the study sites,
October 2018.
Study Site

Source of Income
Fishing (main)
Farming
Shell crafting
Sari-sari store

Guiuan, Eastern Samar

Carpentry
Tricycle driver
Employee
Labor worker
Cooperative
Fishing (main)
Farming

Santa Fe, Bantayan Island

Sari-sari store
Shell-crafting
Carpentry
Tricycle driver

Major Issues and Concerns in Coastal and Small Island
Communities
By Local Community Respondents
The issues and concerns raised by the respondents in Guiuan seemed more diverse than
those raised by the respondents in Santa Fe (Table 2). Unique in Guiuan are the problems
expressed on solid and human waste disposal to the sea and experience on extreme
heat and coldness that add difficulty to fishing. Another unique major concern in the site
is the die-off of sea grass due to strong currents in the sea. The locals have just recently
experienced this problem, and they attributed it to climate change.
Common issues in both project sites include extreme high tide levels causing intrusion
of sea water in communities and deep wells, coral bleaching, illegal and overfishing, and
dwindling fish catch. Unique concerns in Santa Fe are severe coastal erosion in some
coastal spots in Barangays Talisay and Hilantagaan and sand and sediment deposition in
other coastal spots in the mainland and small islands.
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Table 2. Major issues and concerns identified by local community respondents,
October 2018.
Study Site

Issues and Concerns
Solid and human waste disposal to sea
Seasonal extreme high tide
Salt water intrusion in deep wells
Changing weather patterns
Extreme heat and coldness

Guiuan, Eastern Samar

Coral bleaching
Sea-grass die off due to strong current
Illegal fishing
Stronger typhoons
Decreasing fish catch and income
Coral bleaching due to extreme low tide
Dwindling fish catch

Santa Fe, Bantayan Island

Illegal and overfishing
Coastal erosion and sand and sediment deposition
Tricycle driver

By Local Government Officials
The results of the KIIs among the municipal officials (Table 3) highlight the issues and
concerns in the coastal and small island areas that are true not only in the study sites
but also in their respective municipalities. Unique in Guiuan are the issues of solid waste
disposal, concern on coastal communities’ exposure to storm surges and tsunamis,
illegal cutting of mangroves, and weak fishery laws and their implementation. In Santa
Fe, the prevalence of coastal erosion, destruction of coral reefs and marine habitats,
and encroachment of structures along coastal areas were identified. Common in both
sites are illegal fishing and declining fish catch, rising sea level and SST, coastal flooding,
strong typhoons, and illegal sand quarrying in coastal areas.
Table 3. Issues and concerns raised by local government officials in study sites,
October 2018.
Study Site

Issues and Concerns
Coastal communities’ exposure to storm surges and tsunamis
Solid waste disposal
Illegal fishing
Unsustainable fishing practices

Guiuan, Eastern Samar

Declining fish catch
Illegal cutting of mangroves
Rising sea level
Rising sea surface temperature
White sand quarrying
Weak fishery laws, plans, and implementation
Coral bleaching due to extreme low tide

Santa Fe, Bantayan Island

Dwindling fish catch
Illegal and overfishing
Coastal erosion and sand and sediment deposition
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Knowledge and Awareness of Local People
Local People in Communities
The results of the FGDs conducted in Guiuan and Santa Fe (Table 4) reveal that local
people understand climate change, having experienced various climate-exacerbated
disasters that they attributed to the occurrence of extreme events. However, the concept
of SOEs due to climate change is not clearly understood. For the FGD participants, “SOE”
is a newly encountered term. The local people are aware of SLR and ISST because they
have personally witnessed and experienced these phenomena in their respective areas.
Shared experiences are landward intrusion of sea water in communities and resorts
in coastal areas due to rising level and the extreme warming of the sea, particularly in
shallow waters, causing fish kills and coral bleaching. Locals have a poor understanding
of OA. They admitted that “OA” is new to them; hence, they have no idea of its occurrence
in their locality.

Table 4. Informants’ perceptions of climate change, SLR, ISST, and OA, October 2018.
Study Site/Concept

Knowledge and Awareness

Guiuan, Eastern Samar
Climate change

Changing weather patterns
Extreme events
Stronger typhoons

Slow-onset events

No knowledge
Does not understand
New term encountered

Sea level rise

Increase in normal sea water level due to climate change
Rising and lowering of sea level
Sea water intrusion to communities

Increasing sea surface temperature

Caused by ozone depletion
Causes coral bleaching
Increase in global temperature, causing increased sea
water temperature
Exerts negative effects on fishing

Ocean acidification (OA)

No knowledge and understanding
Caused by sea water pollution

Santa Fe, Bantayan Island

14

Climate change

Changing weather patterns
Extreme events
Stronger typhoons

Slow-onset events

No knowledge and understanding

Sea level rise

Increased sea water level due to climate change

Increasing sea surface temperature

Caused by global warming due to ozone depletion
Caused coral bleaching

Ocean acidification (OA)

No understanding
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Local Government Officials
The local officials at the LGUs of Guiuan and Santa Fe have a good level of knowledge
and understanding about climate change and the concepts of SLR and ISST, but they
know little about SOEs and OA (Table 5). Their knowledge and understanding about
climate change, SLR, and ISST can be largely attributed to trainings, conferences, and
other learning opportunities they have attended, coupled by actual observations on the
ground. “SOEs” and “OA” are terms new to them probably because they are not readily
visible and cannot be experienced on the ground.

Table 5. Perceptions of LGU officials on climate change, SLR, ISST, and OA,
October 2018.
Study Site/Concept

Knowledge and Awareness

Guiuan, Eastern Samar

Climate change

Change in climate over 20–30 years
Caused by greenhouse gas emissions
Cause of super typhoons
Cause of extreme events (long dry spell and wet season)
Change in annual climate condition
Change in global weather patterns
Human-induced global warming

Slow-onset events (SOE)

New concept
Need more understanding

Sea level rise (SLR)

Higher sea level than usual
Sea water intrusion in coastal communities

Increasing sea surface temperature
(ISST)

Rising of sea surface temperature from normal level
Cause of coral bleaching
Caused by extreme global warming

Ocean acidification (OA)

New concept
Causes coral bleaching
No clear understanding of the process

Santa Fe, Bantayan Island
Climate change

Change in weather patterns on long-term basis
Caused by extreme global warming
Cause of erratic weather condition

Slow-onset events (SOE)

Gradual occurrence of climate change events
Not aware and no clear understanding

Sea level rise (SLR)

Sea water level marks higher than usual 5–10 years ago
Caused by climate change

Increasing sea surface temperature
(ISST)

Hotter sea surface temperature especially in shallow
waters
Cause of coral bleaching

Ocean acidification (OA)

Have heard but no clear understanding of process
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Sea Level Rise (SLR), Increasing Sea Surface Temperature
(ISST), and Ocean Acidification (OA)
The information on SLR, ISST, and OA that was gathered and analyzed are measurements
to determine the precision of satellite-based observations and projections on the basis
of actual localized ground measurements and/or observations. The findings generated
in the study are measures of whether or not the claims of various authors and scientists
that SOEs of SLR, ISST, and OA are true in the study sites as they have stated.

Sea Level Rise (SLR)
SLRs are due to the increase in water volume from melting ice on land and water as
well as water expansion due to heating. The result causes seawater inundation in
coastal areas, shoreline erosion, coastal flooding, saltwater intrusion, and storm surge
vulnerability. Sea level measurement is either relative or absolute. Relative sea level
refers to the height of the ocean rise or fall relative to the land at a particular location,
and it is commonly measured using a tide gauge. Absolute sea level refers to the height of
the ocean surface above the center of the earth using satellite data.
Global sea level trends from tide gauges and satellite measurements similarly increased
from 1880 to 2016 (Fig. 12). The estimated average rate of SLR from 1880 to 2013 was 0.06
inches per year (CSIRO, 2015). In 1993, however, the average sea level rose at a rate of
0.11 to 0.14 inches per year, which is roughly twice as fast as the long-term trend.

Global Average Absolute Sea Level Change, 1880-2015

Fig. 12. Global average sea level trend in 1880–2016 (CSIRO, 2015; NOAA, 2016).

The SLR in the Philippines is projected to increase and exceed the global average SLR.
The increase is expected to be approximately 20 cm by the end of the 21st century
under the worst climate scenario (PAG-ASA, 2018). Figure 13 shows the satellite-based
observation and projection of the annual mean sea level (MSL) trend in Cebu, Philippines
(NOOA, 2018). MSL trend is increasing and projected to rise at 1.74 mm per year.
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The in situ observations from October 2018 to January 2019 in the small island of
Hilantagaan, Santa Fe show an increasing trend in the monthly mean tide height levels,
approximately the same as the satellite observations and projections of NOOA (Fig.
14). The in situ recorded observations, although insufficient in number and with low
statistical confidence, validate the occurrence of the SOE SLR as depicted in the satellite
records of NOOA. Such projected increase in sea level can worsen climate-related risks
from storm surges, coastal erosion, sea water intrusion, and flooding, particularly in
coastal and small island communities in Santa Fe and nearby localities.
The rate of sea level increase, however, varies among sites and data sources. For
example, data from the University of Hawaii Sea Level Center (UHSLC) for Bantayan
Island, Cebu show that the rate of increase in MSL for a seven-year projection from 2018
to 2025 ranges from 0.001 m to 0.003 m per year (Fig. 14). The in situ MSL measurements
of NAMRIA in Santa Fe Port and the data collected on-site from the installed tide gauge
in Hilantagaan showed higher values than those obtained by the UHSLC satellite.
This difference may indicate that global MSL measurements can be under-estimates
compared with the data actually gathered in situ. However, due to the limited sampling
period, additional measurements to gather local data are needed to validate the results
and establish a high level of confidence.

Historical Observations and RCP85 Sea Level Projections

Fig. 13. Annual mean sea level trend in Cebu, Philippines (adopted from NOAA, 2018).
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Fig. 14. Comparative sea level trends for 1998–2018 according to local data from UHSLC-Cebu; NAMRIA;
and Hilantagaan, Santa Fe, Bantayan Island, Cebu.

The rate of increase of the MSL in Guiuan, Eastern Samar for a seven-year projection until
2025 slightly varied according to the UHSLC satellite data. The rate of increase ranged
from 0.005 m to 0.006 m per year (Fig. 15). The in situ MSL measurements of NAMRIA
at Poblacion Port, Campoyong and Sulangan, Guiuan showed lower value estimates
than the UHSLC satellite measurements. This result indicates that the global satellitebased MSL measurements could be overestimates of the actual in situ measurements.
Nevertheless, additional local data are needed to validate the results.

Fig. 15. Comparative sea level trends in Guiuan, Eastern Samar for the period of 1998–2018 according to
UHSLC-Legaspi, NAMRIA, Campoyong, and Sulangan local data.
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Sea Level Rise (SLR) and beach profile
Coastal erosion is one of the effects of SLR. Beach profiling and beach tracing provide
information on the extent of coastal changes. The beaches of Barangay Talisay, Santa
Fe in mainland Bantayan Island (north and south of Santa Fe Pier) and the small island
barangay of Hilantagaan, Santa Fe (Fig. 16) were studied for evidence of coastal erosion.
Fig. 16. Site of beach
profiling and tracing
in Santa Fe, Bantayan
Island, Cebu:
Barangay TalisayNorth, Barangay
Talisay-South, and
Hilantagaan.

The results of the vertical beach profiling showed that the beaches of Barangay TalisaySouth and Hilantagaan are prone to strong erosion, as indicated by the sharp and/or
steep slopes (Fig. 17). Barangay Talisay-North shows a gradually sloping and relatively
extensive beach profile. Talisay South and Hilantagaan are exposed to sea wave action
and strong currents that cause high beach erosion. Some houses built close to the
seawater have been destroyed by erosion enhanced by SLR. The resort areas facing
the sea have also been eroded, prompting them to pile sand bags, tires, limestone, and
other materials to protect the coastline from further erosion. Barangay Talisay-North is
protected by the pier from strong waves and currents, which result in the deposition of
sediments and the further extension of the beach.
Beach tracing through the years showed the changes in the beach and indicated
processes such as SLR and coastal erosion. The linear beach of Barangay Talisay-North
greatly widened from a total area of 9,500 m2 in 2001 to 44,099 m2 in 2014 due to
sediment deposition (Fig. 18). Sediment deposition was estimated to be around 2662 m2
per year, which resulted in the seaward expansion of the beach.

Fig. 17. Beach vertical profile in Talisay (north and south) and Hilantagaan, Santa Fe, Bantayan Island,
Cebu; zero distance starts at storm berm and ends at ankle-deep water line, October 2018.
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Fig. 18. Beach faces of Barangay Talisay-North in 2001 (a) and 2019 (b); note the change in size of the beach area.
Source: Google Earth Timeline

The size of the beach in Barangay Talisay-South also increased from a total area of 6145
m2 in 2001 to 22,354 m2 in 2014 (Fig. 19). This expansion indicated an estimated increase
of around 1247 m2 per year in 13 years. The increase, however, occurred inland instead of
moving seaward. The road parallel to the beach serves as reference for the retreat of the
land in an inward direction. As a result, the sea has been encroaching toward the houses
and established beach resorts. The rising sea level aggravates the problem and enhances
the occurrence of massive beach erosion.
Beach profiling was also conducted in the Guiuan sites, but no critical evidence of coastal
erosion in relation to SLR was observed.

Fig. 19. Beach faces in Barangay Talisay-South in 2001 (a) and 2019 (b); note the change in size of the beach area.
Source: Google Earth Timeline
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Increasing Sea Surface Temperature (ISST)
The global average SST changed in the period of 1850–2018, is shown in Fig. 20. The
world’s SST cooled down between 1880 and 1910. Nevertheless, the oceans have been
warming since 1850 at an average rate of 0.004 °C–0.01 °C per year. Increases in SST
largely occurred over two key periods, between 1910 and 1940 and from 1970 to present.
SST increased during the 20th century and continues to rise. The warmest SST was
recorded in 2015, and it showed a marked increase since 2012. The sharp rise of the SST
in 1997/1998 was the result of a major El Niño event. Generally, Hadley and NOAA’s linear
regression results indicated increasing trends of SST through the years at rates of 0.004
°C and 0.01 °C per year, respectively.
Although most parts of the world’s oceans exhibit a temperature rise, changes in SST
vary regionally. Figure 21 shows the secondary data of SST time series near Guiuan,
Eastern Samar, Philippines. Such data were extracted from Hadley Centre’s HadISST
long-term historical dataset with a cell resolution of 1×1 degree lat/lon from January
1870 to March 2018 (Kennedy et al. 201b), which was superimposed with NOAA’s OISST
v2 high-resolution dataset of 0.25×0.25 degrees lat/lon from January 1880 to March 2018
(https://www.esrl.noaa.gov/psd/data/gridded/data.noaa.oisst.v2.highres.html). The SST
data from Hadley and NOAA showed increasing trends in 1850–2018 with average rates
of 0.004 °C and 0.01 °C per year, respectively.

Fig. 20. Global SST data for 1850–2018 from Met Office Hadley Centre observation dataset
(https://www.metoffice.gov.uk/hadobs/hadsst3/data/download.html) and for 1880–2018 from NOAA OISST).

The 10-year (2008–2018) SST data for Guiuan, Eastern Samar were obtained from
Hadley Centre and NOAA’s OISST (Fig. 21). The local SST measurements in Barangays
Campoyong, Sulangan, and Trinidad and from the NAMRIA Secondary Tide Gauge
Station of Guiuan, Eastern Samar in 2018 were also graphed. The results showed that
the SSTs in Guiuan underwent similar increasing trends with the global SST. The linear
regression of NOAA OISST (0.061°C/year) had a slightly higher rate of increase than that
of the Hadley Center data (0.027 °C/year).

21

Impacts of Climate Change Slow-Onset Events of Sea Level Rise, Increasing Sea Surface Temperature, and Ocean Acidification in Coastal Fishery Areas and Small Island Ecosystems in Visayas, Philippines

The 2018 SSTs of Hadley and NOAA-OISST were lower than the in situ SST measurements
in the coastal waters of Barangays Campoyong and Trinidad and from the NAMRIA
Secondary Tide Gauge Station of Guiuan, Eastern Samar. An exception was the SST in
Barangay Sulangan, which showed the lowest SST among all sites. The Hadley and NOAA
satellite-derived data were based on resolutions of the images taken at wide scales. The
local SST measurements in Barangays Trinidad and Campoyong were taken in exposed
shallow coastal areas, while the SST in Sulangan was measured at the inner strait of
seawater under the bridge. The results, however, may not be that conclusive because the
data collected only represent observations in a few months.
A seven-year projection of SST shows an increase rate of 0.027 °C–0.061°C per year
(Hadley and OISST seven-year forward trends). This rate means that the SST of 28.75 °C
in 2008 according to Hadley’s data will increase to 29.21 °C in 2025, indicating an increase
of 0.46 °C in 17 years. By contrast, the SST of 28.36 °C in 2008 according to the OISST data
will increase to 29.40 °C in 2025, indicating an increase of 1.04 °C in 17 years.

Fig. 21. SST derived from Met Office Hadley Centre; NOAA’s OISST high-resolution data; NAMRIA Guiuan
Poblacion Station; and Barangay Trinidad, Barangay Campoyong, and Barangay Sulangan, Guiuan,
Eastern Samar.

The historical SST data of Bantayan Island, Cebu are depicted in Fig. 22. The SST data
from Hadley and NOAA’s OISST showed increasing trends from 1850 to 2018 with average
rates of 0.003 °C and 0.02°C per year, respectively. The rates of SST increase in Bantayan
Island were slightly faster than the global SST rate. The OISST data covered the period of
1981–2018 only.
Figure 23 shows the 10-year SST data of Bantayan, Cebu from 2008 to 2018 taken from
Hadley Centre and NOAA’s OISST. It also presents the in situ SST measurements in the
coastal waters of Barangay Hilantagaan and NAMRIA Secondary Tide Gauge Station in
Santa Fe Port, Bantayan Island, Cebu. The linear regressions of NOAA OISST and NAMRIA
SST measurements positively increased at rates of 0.015 °C and 0.020 °C per year,
respectively.
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In 2018, the in situ measurements of NAMRIA (29.12 °C) and Barangay Hilantagaan
(29.11 °C) were relatively higher than those of NOAA (28.81 °C) and Hadley (28.80 °C). The
reason is that the in situ measurements were taken from shallow coastal waters where
local observation sites are located; these areas usually have higher SSTs than the deeper
points farther away from land.
A seven-year projection of SST shows an increasing rate of 0.015 °C–0.020°C per year
(Hadley and OISST’s seven-year forward trends). Hence, the SST from 2008 to 2025 can
be projected to increase from 28.73 °C to 29.07 °C (Hadley’s data), denoting an increase of
0.34 °C in 17 years; or from 28.92 °C to 29.07 °C (OISST data), representing an increase of
0.25 °C in 17 years.

Fig. 22. SST time series from 1870 to 2018 for Bantayan, Cebu (from Met Office Hadley Centre and NOAA’s
OISST high-resolution data).

Fig. 23. 2018 SSTs from Hadley and NOAA OISST satellite data, NAMRIA, and Barangay Hilantagaan in
Santa Fe, Bantayan Island, Cebu.
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Ocean Acidification (OA)
The process of OA is attributed to the increasing net flux of CO2 in the sea water. As it
enters the ocean, CO2 becomes dissolved as aqueous CO2. The dissolved CO2 reacts with
water to form carbonic acid (H2CO3), which subsequently dissociates liberating hydrogen
(H+). The increase in H+ equates to seawater acidity, which is the main cause of OA
(Byrne, 2014). The ocean is mildly basic with pH ranging from 7.8 to 8.4 (Orr et al., 2005a;
Feely et al., 2009). The rising trend of CO2 release, if left unabated, will result in a decrease
in seawater pH from 8.1, which is mildly basic, to 7.8, which is slightly acidic by 2100
(Raven et al., 2005).
In the latest release of PAGASA (2018) for the projections of climate change parameters,
pH was not included. Information on seawater pH is not as common as that of the
parameters that are usually monitored for weather prediction, such as temperature and
salinity. At present, aquaculture and mariculture ventures monitor seawater pH because
of its role in shelled marine organisms. For example, a study on scallops (Decatopecten
radula) in the fishing grounds of Guiuan, Eastern Samar showed that the pH in 2016 was
in a narrow range of 8.4 to 8.5 (Caba-caba et al., 2018). In 2007, the reefs in Guiuan, which
were monitored for crab, conch shell, and sea cucumber, registered a pH of 7.44–8.72
(Germano and Evangelio, 2007). These data clearly indicate the occurrence of OA in
Guiuan.
Figure 24 indicates that the monitoring sites in the entire study area seem fragmented
in terms of pH. If each site were taken independently, the range of pH fluctuation may
be deemed normal. In particular, the in situ recorded observation in Sulangan, Guiuan,
Eastern Samar is alarming because it showed a mean pH reading of 7.5, which lies in the
acidic scale. This condition may be due to the effect of anthropogenic activities, including
the dumping of waste fish parts in places adjacent to the points where tide gauges were
installed and the pH and SST readings were taken. The observed pH in Hilantagaan is
nearly acidic; similarly, such condition may be attributed to anthropogenic activities and
the location of the observation point being only a few meters away from the coastline
and being near residential areas.

Fig. 24. In situ recorded seawater pH in Barangay Hilantagaan, Santa Fe, Bantayan Island; and
Barangays Campoyong, Sulangan, and Trinidad (Tubabao island) in Guiuan, Eastern Samar.
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Observed impacts of SOEs and suggested mitigation
measures
The results of the FGDs and actual field observations made in the coastal barangays of
Campoyong and Sulangan and in the small island barangay of Trinidad, Guiuan, Eastern
Samar indicate the negative impacts of SLR and ISST on the safety and livelihood of
residents, the welfare of economic establishments along the coast and the integrity of
the coastal and marine environments (Fig. 25). The same observations were encountered
in the coastal barangay of Talisay and the small island barangay of Hilantagaan in Santa
Fe, Bantayan Island, Cebu (Figs. 26 and 27).

Fig. 25. Sea water intrusion in Barangay Campoyong (a) and coastal residences devastated by storm
surges in the small island Barangay of Trinidad (b), Guiuan, Eastern Samar in October 2018.

b
a

Fig. 26. Damaged residential house in the coast
of the small island barangay of Hilantagaan (a);
massive coastal erosion along a coastal beach
resort in Barangay Talisay (b) (November, 2018).

Fig. 27. Evidence of rich marine life near the coast of Hilantagaan threatened by occurrence of SOEs of
ISST and SLR (November 2018).
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Sea Level Rise (SLR)
The results of the KIIs and FGD show a number of negative impacts of SLR. Mitigation
measures are suggested accordingly (Table 6). Particularly notable is the occurrence
of coastal erosion resulting in damage to coastal resorts and properties and loss of
habitable lands for the locals. Sea water intrusion is often experienced, especially during
high tides, which cause flooding in coastal communities. Salt water intrusion in deep
wells and residences results in damages to crops and loss of livelihood and income,
respectively. These effects make coastal communities highly vulnerable, particularly in
times of extreme events exacerbated by climate change. Beach resorts in Talisay, Santa
Fe are endangered by the occurrence of massive coastal erosion, which may negatively
affect the lucrative local tourism and local employment if it remains unabated.
Table 6. Impacts of SLR and suggested adaptation and mitigation measures.
Impacts

Adaptation/Mitigation measures

Increased vulnerability of coastal
communities to storm surges and tsunamis

Establishment of habitable/livable resettlement sites
with livelihood for highly vulnerable and endangered
coastal communities

Loss of habitable lands due to water
intrusion

Review of the 40 m easement no-build zone policy

Coastal erosion

Assessment and proper zonation of coastal areas
according to suitable use(s)

Damage to coastal resorts and properties

Improvement in structural design and requirements for
ports, sea walls, and coastal resorts’ establishments in
view of the occurrence of coastal erosion

Salt water intrusion to domestic water
source

Improved and active information, education, and
communication campaign

Flooding in residential areas

Program for alternative livelihoods for households in
critical coastal and marine areas

Danger to lives of coastal households

Rehabilitation of lost and degraded mangrove and
beach forest areas as greenbelts

Damage to crops and residences

Loss of sources of livelihood and income
Loss of tourism business and local
employment
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Increasing Sea Surface Temperature (ISST)
The respondents of KIIs and FGDs revealed major impacts of ISST, including the
depletion of coastal and marine resources due to sea water’s rising temperature,
especially in areas near the shore that are most accessible to local fishing communities
(Table 7). Such impact is attributed to fish migration to deep waters at a certain distance
from the shore where the SST is cool. Under such conditions, fishing becomes difficult,
resulting in a decrease in fish catch and income. The ISST phenomenon causes the
dislocation of marine-based livelihoods and makes the lives of coastal people difficult
and highly vulnerable.
Suggested actions to reduce the negative effects of ISST include advocacy activities
to promote best practices for minimizing emissions of greenhouse gases, provision
of alternative livelihoods to fishing communities, strict implementation of fishing
ordinances, and inclusion of coastal and marine management and protection in local
plans and programs. The effective implementation of information, education, and
communication (IEC) activities and the serious rehabilitation of degraded beaches and
mangrove forests will also be beneficial.
Table 7. Impacts of ISST and suggested adaptation and mitigation measures.
Impacts

Adaptation/Mitigation measures

Depletion of marine resources

Practice and advocacy related to minimizing
greenhouse gas emissions

Migration of fish farther from the shore;
from shallow waters to farther deep water
areas

Provision of alternative livelihood other than fishing
and shell harvesting

Fishing becoming increasingly difficult

Strict implementation of fishing ordinances to sustain
the richness and integrity of fishing grounds and to
eradicate illegal fishing activities

Decrease in fish catch and shell harvesting

Integration of the Coastal and Marine Management and
Protection Program in LGU plans

Dislocation of marine-based livelihoods

Intensify IEC campaign to improve awareness and
understanding of local communities of ISST

Decrease in income and food sources

Improved and doable value-added technologies to
increase income (e.g., fish processing)

Prices of fish and shells tend to increase due
to limited supply

Rehabilitation and protection of beaches and
mangrove forests

Health hazards
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Ocean Acidification (OA)
The impacts of OA may seem to be merely perceptions of the respondents of the KIIs and
FGDs, who shared that they lacked awareness and understanding of OA. Nonetheless,
they perceived OA as something caused by the Earth’s extreme warming, leading to
climate change. Acidification (acid) has been locally interpreted to cause coral bleaching,
which leads to loss of fish habitats, decreased fish production and income, and eventual
poverty. Some respondents relayed that the absence of knowledge and understanding
about OA is a threat to their safety and livelihood (Table 8).
Suggested actions to reduce the impacts of OA include management of liquid and solid
waste, establishment of marine protected areas, effective IEC to raise awareness and
understanding among locals, and conduct of in-depth research to generate evidence of
the occurrence of OA. Research results shall be shared to local people, especially those
in vulnerable coastal communities.
Table 8. Impacts of OA and suggested adaptation and mitigation measures.
Impacts

Adaptation/Mitigation measures

Coral bleaching

Coordinated solid and liquid waste management to reduce
isolated cases of OA

Fish migration to other areas

Establishment and management of marine protected areas

Decreased fishing activity and income

Advocacy to reduce anthropogenic activities causing OA

Poverty

Effective IEC to improve awareness and understanding of
OA
In-depth research to determine occurrence of OA
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POLICY IMPLICATIONS AND RECOMMENDATIONS
The findings of the study imply the need to review the existing policies, programs,
and plans of the municipalities of Guiuan and Santa Fe for coastal and small island
development and management. The negative impacts of SOEs on coastal and small
island communities are real. The occurrences of SOEs such as SLR, ISST, and OA
are evident and need to be considered in the formulation of actionable policies,
programs, and plans or in the improvement of existing ones so that they are attuned
and responsive to the challenges brought about by climate change. The results of the
FGDs and KIIs provide policy recommendations and actions from the local stakeholders
in connection with the negative impacts they have experienced from SLR and ISST.
The researchers’ view based on the validation conducted through the science-based
information gathered and analyzed and the actual observations made form part of the
following recommendations:

• Review of the 40 m easement policy of the DENR, with consideration of the
landward advancement of the coastal water line due to rising sea levels;

• Effective local adaptation, mitigation, and disaster risk reduction plan and
implementation in areas affected by SOEs;

• Modifications in infrastructure and building guidelines, particularly for beach

resort owners and port authorities, to establish resiliency against SLR, coastal
erosion, and storm surges;

• Coastal area assessment and zonification based on biological and physical

characteristics and exposure to risks and according to best and/or most suitable
use with consideration of SLR, ISST, and OA;

• Review and upgrading of local relocation policies based on updated risk zone
classification;

• Enhancing the implementation of solid, liquid, and human waste management

policies particularly affecting the fishing industry to ensure a safe environment
for health and pollution prevention in coastal communities and to guarantee the
integrity of major income sources;

• Implementation of effective IEC programs to enhance locals’ knowledge and

understanding of SOEs of SLR, ISST, and OA, including their preparedness and
capacity to respond to climate-enhanced disasters;

• Establishment of a program that will enable LGUs to develop and effectively
implement their own localized SOE monitoring systems;

• Advocacy for a collective effort to promote the use of clean renewable energy

among local communities as their contribution to the global objective of reducing
greenhouse gas emissions that cause the rapid rate of temperature increase; this
advocacy is in support of the Paris Agreement, which aims to keep global warming
below a 2 °C increase by the end of the 21st century and pursue efforts to limit the
temperature rise to 1.5 °C;

• Policy and functional integration of concerned agencies and groups for adaptation
and mitigation of the negative effects of the SOEs of SLR, ISST, and OA;

• Conduct of continuous in situ observation of SOEs and data collection to realize
meaningful and precise results with high levels of confidence;

• Monitoring of the effects and responses of coastal and marine biological diversity

to SOEs in localities to obtain a holistic overview of the impacts of climate change.
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