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Tide-gauge records in the Philippines registered a
rise in sea level in the past decades (Siringan et al.,
2000). Over the next century, global sea-level rise is
projected by the International Panel on Climate
Change (IPCC) to range from 15 to 90 cm, with 48
cm as its best estimate (Wigley and Raper, 1992).
The values may seem minimal, but the effect of rising
sea level on gentle coastal plains, such as in the
study area, would be significant as it would allow the
sea to encroach farther landwards. Therefore, as sea
level continues to rise, erosion will continue to
threaten coastal communities.

On top of these natural causes, certain anthropogenic
activities exacerbate coastal erosion. The most
extensive, and probably the most detrimental, of
these activities is the mining of magnetite sand by
Filmag Inc. For 10 years, from 1964 to 1974, Filmag
extracted approximately 2M cubic meters of magne-
tite along almost the entire La Union coast, which
stretches for about 100 km The total volume of sand
extracted would translate to an average deepening of
2 m and shoreline retreat of 10 m per meter of
coastal segment. This is a conservative estimate
because not the entire La Union coast was mined;
hence, certain sections most likely have deepened
and retreated more than the estimated values.
Furthermore, extracting materials from the coast
entails loosening of the substrate, thereby rendering
the sediments more susceptible to transport by waves
and currents. More importantly, the heavy magnetite
sand serves as beach armor; thus, removing them is
analogous to destroying the beach s natural
protection.

Another human activity that contributes to erosion is
the destruction of natural resources, such as coral
reefs, sand dunes and native coastal vegetation (e.q.,
mangroves, aroma trees and the like), which act as
natural wave buffers. In San Fernando, for example,
coral reefs that extend out to the northeast of Poro
and fringe Dalumpinas, Lingsat and Carlatan protect
the coastal areas along San Fernando Bay by
attenuating waves coming from South China Sea. At
present, however, large areas of these reefs have
been damaged already due to illegal fishing practices
(e.g., dynamite fishing). Thus, erosion along these
coastal segments can be due partly to increased
impact of waves, which in turn is due to reef
destruction. Furthermore, coral reefs contribute
considerable amounts of sediments to the beach. The
most prolific sand producers are the foraminifers,
minute one-celled organisms that secrete CaCO,
tests, which thrive in reef flats with healthy sea grass
communities. Destruction of the reef flat or coral reef

would deprive the beach of a major sediment source.
This is critical for San Fernando, because the major
rivers are far and are located downdrift of the bay.

Sand dunes also offer a natural means of protecting
the coast. They take the brunt of the waves and also
serve as sand reservoir. Sand dunes in Dalumpinas
Oeste, according to anecdotal accounts, have been
leveled to provide a mining company access to the
beach sometime in the 60s to 70s. With the use of
loaders, sand was also quarried for construction
purposes. At present, the height of the remaining
dunes in the area is only a third of its previous level.
Further dune degradation is occurring to
accommodate more houses and resorts in the area.

To protect properties from erosion, ripraps and
makeshift seawalls in Carlatan were built using the
exposed rock platform along the coast as primary
material. According to a resident, attempts were also
made to level this platform, which extends several
tens of meters offshore, by blasting the protruding
rocks so that Carlatan can have a sandy beach
instead of a rocky shore. What the community is
unaware of is that the rocky platform also acts as a
wave buffer, similar to coral reefs; instead of waves
breaking on the coast, incoming waves expend their
energy offshore when they encounter the platform,
hence reducing erosion.

Erosion is also aggravated by artificial structures that
interfere with sediment distribution. A groin promotes
beach accretion on the updrift segment of the coast
but deprives sediments to the downdrift end, thus,
enhancing erosion along that side. The series of
groins in Aringay and Agoo (Fig. 6), therefore, is
detrimental to the Sto. Tomas coast because they
decrease the amount of sediments that normally
reaches Sto. Tomas. Geomorphological evidence
indicate that Sto. Tomas, a spit, was formed by the
accumulation of sediments transported through the
south-directed longshore drift. Piers can also serve as
groins if the structure s design does not allow
sediments to pass through. An example of this is the

Figure 6. Series of groins dotting the Agoo-Sto.
Tomas coastline.



Bauang Power Plant Company pier in Pilar, which
may enhance erosion to the south by trapping
sediments on the north side of the structure. The
presence of this structure is critical especially since
the coastal stretch south of it has been undergoing
severe erosion. Armoring the shoreline with seawalls
and revetments, although effective in protecting
properties and fixing the shoreline, cause beach
narrowing and loss in retreating coasts as demon-
strated in Oahu, Hawaii (Fletcher et al., 1997). These
structures reduce sediment delivery to the beach by
preventing the natural process of upland erosion,
thus refocusing wave energy on the beach in front of
the structure. Furthermore, decreased sediment
amount in the updrift beaches means decreased
supply to the downdrift segments, hence, amplifying
erosion. This appears to be the case along several
coastal segments in San Fernando wherein beaches
in front of armored structures are either very narrow
or completely lost. A similar scenario was observed in
front of a series of resorts south of San Fernando
through north of the Bauang River (Fig. 7), which
indicates that these lighter structures may also
induce an effect similar to seawalls and revetments.

Figure 7. Resorts and restaurants line the
southern coast of San Fernando and extends
to north of Bauang. These structures provide
very narrow shoreline setback for beach
adjustment, thereby causing an effect similar
to impermeable structures like seawalls and
revetments. These photographs were taken in
San Vicente; the top photo is the view
looking north; bottom is looking south.

The net accretion in front of the Sta. Rita seawall,
which at present sits behind 450 m of newly-
accreted land, is a different case. This is because it is
situated along the southern flank of Aringay delta
where sediment supply is abundant and transport
direction is towards the south. Furthermore, based
on the maps (Fig. 1), the seawall and the Agoo-
Damortis National Seashore Park are on top of
newly-accreted land. Land gain, therefore, is not
due to the structure.

Activities in the watershed may also contribute to
coastal erosion. Initially, deforestation and
urbanization would lead to rapid soil erosion in the
uplands, which would translate to large sediment
input to the coast and thus, allow progradation.
However, as surfaces are covered by grass and
cemented pavements, upland erosion decreases
and sediment input to the coast declines. This then
translates to shoreline erosion. To date, there are
no data on the watershed history of the study area;
however a decrease in the river s sediment yield
due to changes in vegetation cover as documented
by Kummer et al. (1994) in other parts of the
Philippines could have also occurred in the water-
sheds of rivers draining into southern La Union.

Vulnerability mapping

Figure 8 shows the vulnerability map derived from
computing the coastal vulnerability index (CVI) of
each barangay. Coastal segments are marked
according to their degree of vulnerability to erosion:
extremely high, high, moderate and low. Also
presented in the figure are the vulnerability profiles
of each barangay represented as pie charts. This
method was suggested by previous studies (Gornitz,
1993 in McLaughlin et al., 2002) to distinguish the
relative strengths of each sub-index in a particular
site. By viewing the index and the profile side by
side, one can then have a better understanding of
the factors that make an area vulnerable to erosion.

Barangays situated within the immediate vicinity of
the mouths of Bauang and Aringay rivers ranked
most vulnerable with respect to coastal character-
istics. These coastal segments are classified as rapidly
translating and thus, are easily affected by shifting
of river mouths and sediment delivery from the
watershed. The adjacent barangays in Agoo, Sta.

Rita Central and Sta. Rita West, where a 1.5-km
long seawall was built, also ranked highly vulnerable.
Lowest scores were obtained for Poro, San Francisco,
Canaoay and San Vicente, all situated in the
Lingayen Gulf-facing southern communities of San
Fernando City.
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Figure 8.
Vulnerability
map of the
southern coasts
of La Union.
Relative scores
of the coastal
characteristics,
coastal forcing
and socio-
economic
sub-indices are
represented by
pie charts.
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In terms of coastal forcing, NW-fauing areas where
mining occurred In the past such as Dalumpinas
Qeste in San Fernando, Taberna and Pugo in Bauang,
Samara in Alaska, and Sta. Rita, San Julian Norte and
San Julian West ranked highly vulnerable. Whereas,
the more protected localities atong coast of San
Fernando City are the least vulnerable These include
Carlatan and the barangays that ranked low in the
coastal characteristics sub-index. Ironically, Carlatan
had the highest socio-economic scores, together with
San Nicolas West in Agoo. Carlatan hosts a number
of industries and like San Nicolas West, has a rich
cultural heritage. Even more ironic 1s the fact that
the barangays that were previously classified as
highly vulnerable with respect to the physical
variables had the lowest scores

The combined scored for the three sub-indices identi-
fied Carlatan and San Nicolas West as extremely
vulnerable to erosion Carlatan, although low in
natural and anthropogenic forcings, has the highest
score in the socio-economic sub-index and also
weighed heavily in the coastal charactenstics sub-
index As for San Nicolas West, high scores were
registered in all three sub-indices. Classified as
highly vulnerable to erosion are Lingsat and llocanos
Norte in San Fernando, barangays north and south
of Bauang River {except Pilar), barangays in Agoo
(except Sta. Rita Sur, San Nicolas West), and
Cabaroan in Sto. Tomas—all situated along west-
facing coastal segments These areas ranked relatively
high in the coastal characteristics and the forcings
sub-indices and moderate In the socio-ecanomic
aspects. The rest of the barangays, mostly rural areas
and situated along the flanks of Bauang and Aringay,
are identified to be moderately vulnerable to coastal
erosion. The least vulnerable areas are Poro and

San Francisco in San Fernando and Pagdalagan in
Bauang. Socio-economically, Poro and San Francisco
ranked high, but low in coastal charactenstics.
Pagdalagan 1s not an industrial and commergal

area unlike the two others

Closer examination of the weighted scores of the
sub-indices shows that the coastal characteristics
and natural and anthropogenic forcings do not vary
much Fxcluding the scores for Poro (2) and Canacay
(1.6), weighted scores for coastal charactenstics
cluster from 3 2 to 6 4, Canaoay and Poro are atop
bedrock whereas the rest are mostly on sandy
coastal plain. Weighted scores for natural and
anthropegenic foraings range from 0.4 10 2. What
tipped the scale of the vulnerability index are the
socio-economic characteristics wherein weighted
scores vary from 5.2 to 12.8. This indicates the

significant contribution of socio-economic
information in assessing an area’s vulnerability

LIMITATIONS OF THE STUDY

Direct relationships between rates of erosion, timing
and ultimate causes cannot be established with the
data gathered. The time frame provided by maps
and aenal photographs is limited; therefore, more
mterviews are needed to obtain a more statistically
reliable data set We are also constrained by the
availability of secondary information, specifically the
socio-economic profiles, because of poor record
keeping of the offices concerned. The vulnerability
index could be refined with more data.

CONCLUSIONS AND
RECOMMENDATIONS

Anecdotal accounts are important sources of
information on the changes of shoreline position.
However, it should be filtered and tempered with
other data.

Rates and primary cause/s of erosion vary along
contiguous coastal segments; thus, mitigation
measures, if still amenable, may also differ
accordingly. The cause/s may also change through
time. As coastal erosion 1s a complex problem, it
should be studied seriously for more informed
course of actions,

Uncontrolled rapid occupation of accreted coastal
lands will lead to conflicts with the naturally
changing landscape. The local government shouid,
therefore, assert the public domain nature of these
new lands to heip lessen damages due to subse-
guent erosion. Since the problem transcends
municipal boundaries, the actions for miugaton
should therefore be agreed upon by the local
government of affected municipalities.

There are three main stakeholders in the area, the
marginalized group, the business group, and the
government. However, the local government must at
the outset protect the interest of the marginalized
group, mostly fisherfolks, and look for alternative
solutions without compromising or sacrficing their
main source of livelihood.

Increase information advocacy to raise the level of
awareness on the problem among stakeholders is
vital. A shared understanding and recognition of

the risk involved in coastal erosion may lead to the
affected community’s willingness to accept effective
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mitigation approaches and to support any
sustainable use practice introduced. A well-informed
community readily accepts the idea of relocating
when miigation through engineering structures may
not be effective and relocation is the only best
solution. Informed managers from all levels of the
government can rechannel limited funds to other
projects that can benefit the community.

Of equal importance is the need for the government
to refine existing policies and formulate new anes
that would specifically address coastal erosion. At
present, there are no coastal laws, ordinances or
decrees that directly tackle this extensive and
persistent problem. Once effective policies are
endorsed and approved, the next step is to have
strong, political will to nstitute reforms,
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