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Abstract

Observational and numerical modelling stadies of the hydrodynamics, sediment transport, and
light extinction were undertaken in the marine environment around Cape Bolinao in the
Lingayen Gulf (Northwest Philippines). Abundant with ecologically important seagrasses
and benthic organisms, Cape Bolinao is-presently threatened with siltation and eutrophication
problems. For this reason intensive field measurements of relevant environmental variables
which include currents, tides, temperature, salinity, total suspended solids (TSS), ash-free
dry weight (AFDW), sedimentation flux, grain size distribution and organic content of
bottom sediments, gilvin absorption, phytoplankton concentration, and light extinction were
executed from August 1993 to June 1995. Laboratory experiments were simultaneously
undertaken to determine the sedimentation and light extinction characteristics of various
sediment fractions. Using time series and regression analyses, the results were analyzed and
presented. A set of numerical models were developed and applied in the area around Cape
Bolinao and the Lingayen Gulf. A prognostic model for the hydrodynamics, driven by
realistic wind and tide forces, was developed independently for the cape (fine-resolution
model) and the gulf (coarse resolution model). An operational open boundary condition
based on the method of wave propagation is discussed. The hydrodynamical predictions were
used, in conjunction with a diagnostic surface wave model, to force the suspended sediment
transport model. The transport model, which is based on the time-dependent advection-
diffusion equation, is third order accurate in space and time. For a realistic description of
the suspended sediment transport process in Cape Bolinao, resuspension and sedimentation
fluxes were included in the numerical model using existing parameterizations. The predicted
suspended sediment concentrations were used in a diagnostic model for light extinction. This
later model is based on the assumption that the contributions of the optically active
components to the attenuation of the photosynthetically available radiation (PAR) are linearly
additive. Calibration of the numerical models using ficld observations produced a set of
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parameter values which is deemed representative for the area of investigation. Using these
parameter values, the overall model predictions were in pood agreement with field
observations. Finally, using the integrated model, the impact of river sediment loads (treated
as a conservative tracer) in the Bolinao reef system was quantified.
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Chapter 1

Introduction

There is at present a global marine environmental problem related to the discharge of
sediments in coastal seas. The barely protected Philippine coastal zone is certainly threatened
with a similar marine pollution problem. Naturally or anthropogenically triggered, the
consequences of sedimentation can be enormously disastrous. The continuous cycle of
resuspension and sedimentation, and the consequent reduced light penetration threatens the
ecological functions of the biodiversity of the marine ecosystem. One example of such
ecosytem in danger is Cape Bolinao situated at the mouth of the Lingayen Guif (16°25 N
latitude, 119°58 E longitude) in the northwestern coast of the Philippines (Figure 1.1). Cape
Bolinao is characterized by a fringing coral reef area with interspersed islands and islets
extending northward from the mainland province of western Pangasinan. It is connected to
the South China Sea through the western part of the Luzon sea with no appreciable
continental shelf due to sharp increase in the bathymetric contours. A very ndrrow shelf of
several kilometer distance, the reef area arcund the cape is abundant with various underwater
biota like seagrasses, seaweeds and corals which are presently endangered by siltation and
the associated problems of nutrient transport and eutrophication. Siltation and eutrophication
affect the marine biota in various ways. The major impacts include changes in the substrate
composition, changes in nutrient concentrations and increased turbidity due to increased
amount of suspended solids.

There is great need for knowledge on the physical environmental characteristics of the marine
waters off Cape Bolinao, and generally of most Philippine coastal waters. However, they
have not been studied in much detail. Information on the hydrodynamics and description of
the marine physics necessary to study the Philippine coastal sea environment is scarce. The
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Figure 1.1. The Cape Bolinao marine environmental system geographically situated west
of the mouth of the Lingayen Gulf. Bathymetric contours are given in fathoms.

reason for this is twofold. Firstly, physical occanography and coastal engineering are
relatively young sciences in the Philippines. Secondly, being unpopular sciences, very few
scientists and engineers are devoted to conduct researches in these field of studies.

Contributions in the field of physical oceanographic researches in the Philippines started
rather late and development is slow. One of the ecarly researches on the physical



introduction 3

oceanography of Western Philippine coastal waters started with the works of Wyrtki (1961)
who investigated much of the South China Sea. Some observations which resulted to a
qualitative and quantitative description of the dynamics of the area are provided in the NAGA
report (1961). Additional information on the surface waters of the South China Sea.is
described in Levitus (1982). Monthly surface flows deduced from ship drift observations are
presented in an atlas. Recently, observations are made on the dynamics of the Luzon Sea
by the World Ocean Circulation Experiment (WOCE on-going). Aside from these few
documented observations, there are some numerical modelling efforts which may provide
some insight into the dynamics of the coastal waters of Northwestern Philippines. The
baroclinic models of Pohlmann (1987), Shaw and Chao {1994) and Chao et al. (1994) present
some quantitative descriptions of the water circulation within South China Sea and adjacent
areas in the Philippines. Similar observational and modelling studies on the hydrodynamics
of the Lingayen Gulf and of Cape Bolinac are presented in local literature. Villanoy (1988)
deduced the circulation of the reef waters at Cape Bolinao from data observed on different
occasions. On modelling, de las Alas (1986) conducted numerical simulations of the steady-
state circulation in the Lingayen Gulf and described the wind-driven flow patierns of the gulf
waters. Additionally, Balotro (1992) used a barotropic numerical model and presented the
wind and tide-driven circulation patierns in the gulf. Information on the geochemical
characteristics of the bottom sediments of Lingayen Gulf is provided in Santos et al. (1986).
Heavy metal concentrations are measured in samples taken within Lingayen Gulf.
Furthermore, using nuclear dating techniques, the sedimentation rate in the gulf was
estimated. Chen (1993) studied the surface sediments of the South China Sea and provided
some information on the geochemical and textural characteristics of sediments that exist in
the Luzon Sea close to Cape Bolinao. The report provided some information on the sources
of surface sediments at the South China Sea including the western Philippine sea.
Concerning water quality, Maaliw et al. (1989) made a preliminary observational study on
the genecral water quality characteristics of the Lingayen Gulf. In-situ field observations and
laboratory measurements of relevant variables within the gulf are presented with some
information on Cape Bolinao. Additional information on the marine environment of Cape
Bolinao is provided by a number of biological and chemical research studies at the Marine
Science Institute, University of the Philippines. However, observations on relevant physical
processes are limited since they are treated as auxiliary variables.

The work presented here attempts for a detailed and in-depth study of the physical
environmental characteristics of the marine waters at Cape Bolinao and at the Lingayen Gulf
as a whole. Intensive field and laboratory investigations in the Bolinao area coupled with
modelling studies on both the cape and the gulf as a whole are undertaken for this purpose.
It should be noted that the present study is undertaken in conjunction with a simultaneous
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study on the ecology of the seagrasses at Cape Bolinao. The necessary environmental
characterization of the area is provided by the present study. The objectives, relevance,
scope and approach of this study is described in the following sections.

1.1.  Objectives and Relevance of the Study

This research work is itself a modest contribution to the physical oceanographic sciences of
the Philippine coastal waters. In the present study, the marine environment of Cape Bolinao
and the physical processes that exist therein are the central themes for investigation.

1.1.1. General and Specific Objectives

The general aim of this research study is to carry out observational and modelling studies to
obtain a substantial data set for a detailed quantitative description of the existing physical
environmental characteristics of the marine waters off Cape Bolinao. Relevant physical
processes related to the hydrodynamics, suspended sediment transport and light extinction are
described based on observational and modelling studies.

Furthermore, future conditions of the marine environment of Cape Bolinao are addressed by
predictive models that are developed based on deterministic approaches. Such models are
used for impact assessment studies of relevant marine environmental problems. The
transport of suspended sediments and the associated underwater light extinction phenomena
are particularly addressed in this work.

The specific objectives of this study are:

L To provide a quantitative description of the general circulation patterns, sediment
transport processes and light extinction in the marine waters off Cape Bolinao.

2. To develop a numerical model of the hydrodynamics, sediment transport and light
extinction at Cape Bolinao and adjacent waters for environmental impact studies.
1.1.2, Relevance and Scope

The information provided in this research work is highly important in marine ecological
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studies. Relevant ecological research which needs this information includes studies on
marine primary production, dispersal patterns of marine plankton (phytoplankton and
zooplankton), growth of submerged vegetation such as seagrasses and seaweeds and growth
of filter feeders and other benthic organisms.

The information from this study is also useful in assessing marine pollution in coastal
environments. The distribution pattern of nutrients causing eutrophication problems in the
coastal sea can be assessed using the results of the present research work. Furthermore,
distribution patterns of heavy metals, including certain toxic compounds released into the
marine environment can be described using the information provided in this study.

The scope of the study covers the following physical oceanographic processes observed at
the coastal sea.

The hydrodynamics off Cape Bolinao and the whole Lingayen Gulf focuses on the long wave
circulation induced by wind and tidal forcing. As the induced long-wave current is generally
responsible for the advection and distribution of sediments in the coastal zone, detailed and
in-depth study of the wind-induced and tide-generated currents and their interaction is
presented. Additionally, effects of surface waves (windwaves) are addressed in the context
of sediment transport processes.

The transport of sediments is mainly confined to the suspended load transport. Vertical
transport via resuspension and sedimentation is discussed as much as horizontal transport
{and re-distribution) due to the wind and tide-driven currents. Point sources of sediment
loads from river discharges and their impact on the marine waters at Cape Bolinao are
considered.

Light extinction is described in detail by taking into consideration most of the important
factors affecting light absorption and scattering in the marine environment. These factors
include suspended sediments (inorganic and organic), phytoplankton, gilvin and water itself.
The organic fraction of the suspended sediments is taken into consideration by the observed
ash-free dry weight (AFDW) concentration. Related characteristics of suspended sediments
such as size spectra and fall velocities are considered to account for differences in the
absorption and scattering of the underwater light field.
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1.2.  Approach of the Study

Observational and modelling programs are designed 1o give the necessary information needed
in this study. Much of the effort in the execution of the observational and modelling
programs is described below.

1.2,1. Observational Program

An intensive observational program was executed at many sites around Cape Bolinao during
a period of more than 1'% years from late 1993 to mid-1995. Selection of sites started in
mid-1993. These sites were chosen to cover the areas around Cape Bolinao which are
mainly the areas where seagrass beds exist. Different frequencies of observations are
undertaken to cover the appropriate time scales of processes to be investigated.

Firstly, high frequency sampling of current speed and direction, tide, wind, water
temperature, suspended sediment concentrations and light irradiance was executed to obtain
information on the variability and dynamics of physical processes at time scales of several
minutes to hours. A mobile platform was installed at selected sites (Figure 1.2) and the
necessary instruments which include a current meter with temperature sensor, automatic
water sampler, pressure sensor, and light irradiance sensors attached to a datalogger were
deployed. The platform was moved to one of the four selected sites every 1% months (or
at least 1 month). In this case, every site of deployment has observations for each of the two
seasons (southwest and northeast monsoon season) prevailing in the area of study.

Secondly, weekly measurements at a number of sites (see Figure 1.2) of current speed and
direction, water temperature, salinity, suspended solids concentrations, ash-free dry weight
concentrations, gilvin absorption, phytoplankton concentration, sedimentation fluxes, and
light irradiance were executed to obtain information on the dynamics of the investigated
processes on a time scale of weeks or months, These provide information on seasonal
variations as well. Aside from these variables, laboratory investigations on beam attenuation
of water samples taken from the field were also done. Furthermore, laboratory experiments
on suspended sediment fractions according to fall velocity distributions were undertaken.
The light attenuating characteristics of each sediment size fraction were then determined in
the laboratory by spectrophotometric analyses of the corresponding beam attenuation of each
fraction assumed. Additional analysis was done for the contribution of algae to light
attenuation. Cultured samples of diatom species (Isochrysis galbana and Chaetoceros
gracilis) were subjected to beam attenuation experiments as well.
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Thirdly, quarterly investigation of bottom sediment samples taken from a number of sites at
Cape Bolinao (see Figure 1.2) was undertaken. The size distribution of the sediment
fractions assumed (e.g. sand, silt and clay) and their beam attenuation were determined in

16.52 . S
: Legend
m  High Frequency (Platform) Sites
1650 | @ Weekly Sampling Sites
- [ a Quarterly Sampling Sites

1648

Latitude (Degrees North)

Longitude {Degrees East)

Figure 1.2. Map showing the study area and the measurement sites.

the laboratory. Aside from the above observations, precipitation was also observed and a
total rainfall was recorded daily whenever there was rain at the study site. This last variabie
is important when considering processes related to sediment transport phenomena in the area.

1.2,2. Modelling Approach

The modelling approach takes into consideration the important physical processes and the
developed model has the potential for operational purposes. As a rule, the numerical model
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must possess predictive capability without necessarily involving too much complexity. The
choice of a modelling approach in this work is founded on such principles. After careful
considerations of the preceding, a two-dimensional vertically integrated model for the
hydrodynamics, sediment transport and associated light extinction is used to describe the
dynamics of the concerned phenomena in the area of interest. Apparently, two areas have
to be modelled, Area 1 covering Lingayen Gulf and Area 2 covering the waters off Cape
Bolinao (Figure 1.1). The aim of this approach is to be able to describe satisfactorily the
physical processes concerned at Cape Bolinao. While this is the main area of interest, the
influence of the greater Lingayen Gulf to Cape Bolinao has to be taken into account.

To carry out such modelling, a coarse resolution model for Area 1 (Lingayen Gulf) with a
grid distance of 1 km was designed. This is run with realistic forcing functions from
observed wind and tide. A model for Area 2 (Cape Bolinao) with a resolution of 500 m is
also designed independent of the Coarse Model. This fine model is also run independently
with the same forcing functions. The influence of relevant processes (especially sediment
transport) in the Lingayen Gulf to Cape Bolinao can be assessed using the coarse model. At
the same time, localized processes at the main area of interest can be understood using the
fine model.



Chapter 2

Environmental Profile of Cape Bolinzo and Surrounding Areas

The environmental characteristics of Cape Bolinac and adjacent areas are typical for many
coastal areas in the Philippines. There are however some obvious peculiarities in the general
coastal environment of this particular area. The cape, being a small piece of land protruding
into the open sea of the northwestern coast of the Philippines, has defined oceanographical
characteristics not found in other coastal areas. The water quality, sedimentology and the
coastal geometry are all affected by the dynamics of the waters around the area. There also
exists a distinct topography surrounding the entire area which affects its meteorology and
general marine environment. In particular, the monsoonal wind patterns especially during
the northeast monsoon season are not similar to other areas in the Philippines due to the
presence of mountains to the east and northeast. Furthermore, its geographical position has
some bearing to the amount of precipitation it receives throughout the year, the air and water
temperature variations, and the influence of weather disturbances. All these factors of
various sources are manifested in the coastal environmental profile of the area. Description
of the relevant environmental characteristics of the area of study and vicinity is provided in
this chapter.

2.1. Coastal Geomorphology and Aquatic Environment

2.1.1. Topography

The bottom topography of Cape Bolinao can be seen partly from the bathymetric chart of
Lingayen Gulf (see Figure 1.1) published by the Philippine Coast and Geodetic Survey. A
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finer resolution map of the bathymetry is shown in Figure (2.1). Depths of less than 30 m
are generally observed around Santiago Island, the biggest island within the cape. North of
the island is a vast coral reef area. A general feature of the reef flat is a relatively deep
coastal lagoon near the shoreline decreasing in depth northwards until the reef crest and then
increasing again in depth at the reef slope offshore. The reef crest is an important
characteristic of the area as incident waves experience a range of conceivable phenomena

Land
Exposed at low tde
Reef flat
1i5to9m

[E5) 9+ to 18 m

73 18+ 1o & m

B+ m

BEOOO

Santiago
Island

Cape Bolinao

Luzon

Figure 2.1. Bathymetric profile of Cape Bolinao marine waters (McManus et al., 1992).

including reflection, diffraction, refraction and occasional breaking, thereby sheltering the
biotic communities within the reef flat from violent wave actions during stormy conditions.
Another interesting feature of the bathymetry is a shallow portion extending about 15 km to
the northeast of Santiago Island. This is described by McManus et al. (1992) as a subsurface
barrier reef which is of hydrodynamic importance as well. A sharp increase in the depth
distribution can be observed to the west and northwest of the area as shown by the
bathymetric contours. From a shallow forereef slope depth of about 10 m, depths of more
than 100 m can be observed already within 2 km offshore in those directions.
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2.1.2. Morphology

The morphology of Cape Bolinao is complicated by the presence of islands and islets
bounded by narrow channels. The coastal geometry of the cape is very irregular contributing
to the complex hydrodynamical characteristics of the area. The biggest island of Santiago
is separated from the mainland (Cape Bolinag) by a deep channel (see Figure 1.1). Depths
there exceeds 20 m especially to the northwest. There is a however a general decrease with
depth in the eastward direction within the channel presumably due to heavy siltation. Within
the reef flat, there are small jslands to the north and northeast of Santiago Island. Both
islands are less than 1 km? in surface areas. To the south of Santiago Island is a relatively
bigger island (area > 2 km?) separated from Santiago by a narrow passage of less than 500
m. Together with several small islands to the south, they are separated from Bolinao and
create a shallow semi-enclosed marine environment. Farther south, there is a narrow channel
(width < 200 m and almost closed by an islet) separating mainland Bolinao and the biggest
island in the Lingayen Gulf (Cabarruyan or Anda). Very narrow but deep, the small
channel can serve as a connection between Cape Bolinao and the heavily silted southern
coastal areas where several small rivers are located. This can be an important part of the
coastal geomorphology of the area as it serves as a channel to Cape Bolinao for sediment
transport by tidal currents. Aside from these system of islands and channels, there are
several islets in the vicinity of the cape which may complicate the current and wave
propagation patterns in the area.

2.1.3. Sedimentology

A description of the bottom sediments in the Lingayen Gulf give some insight into the
sedimentology of Cape Bolinao. Santos et al.(1986) made a geochemical characterization of
the bottom sediments at several stations within Lingayen Gulf. It was found that bottom
sediments at the gulf have high metal concentrations due to mine tailings discharged by
several mining companies of the Benguet Province east of the gulf and domestic inputs from
coastal areas. Of particular significance is the increasing Cu content of the sediments from
4 m deep to the surface. Furthetmore, through nuclear dating technigues, the sedimentation
rate of the gulf was estimated to be in the order of 4.7 cm year.

A recent study on the surficial sediments of the South China Sea was presented on the First
Working Group Meeting on Marine Scientific Research in the South China Sea (1993) giving
additional information on the sedimentology of the surrounding areas near Cape Bolinao.
The percentage of clayey sediments was found to be generally higher than that of silt and
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sand. The result of the grain size analyses further indicated 40 % clay and 30% silt content
of sediments gathered west of Cape Bolinao. The sediment mineral content in the area was
also reported to contain quartz (15 %), plagioclase (20 %), illite (10 %), K-fledspar (5%)
and amphibole (up to 15 %). The increasing amphibole content of the sediment towards the
land was known to indicate the origin of the mineral from the main island of Luzon (North
Philippines). Furthermore, the carbonate content of bottom sediments west of Cape Bolinao
was reported to be generally less than 10 % (Chen 1993).

2.1.4. Water Quality

A water quality baseline study at the Lingayen Gulf (Maaliw et al., 1989) conducted in 1987-
88 presents some insight into the state of the marine waters around Cape Bolinao. The
observations made in several stations included measurements of primary water quality
variables such as pH, temperature, salinity, dissolved oxygen, transparency, nutrients and
heavy metals, BOD, as well as coliform and pesticide levels. Nutrients such as nitrite-
nitrogen, nitrate-nitrogen, and total phosphorus were among the observed variables.
Furthermore, heavy metals including lead, zinc, cadmium and mercury were analyzed in
several stations. Figure (2.2) shows the locations of the sampling stations. Only the major
rivers to the south of the gulf namely Agno River, Dagupan River and Patalan-Bued River
were sampled for riverine and estuarine characterization while most of the stations are
located near coastal areas bordering the gulf. Table II.1 shows mean values of several water
quality variables measured in offshore, riverine and estuarine waters during the wet and dry
seasons. Seasonal differences of water quality parameters are observed at several stations.
Of particular significance is the finding that riverine and some estuarine stations showed
consistently low D.Q. levels for both dry and wet seasons. The low levels of D.Q. observed

Offshore Estuarine Riverine
Variable Wet Dry Wet Dry Wet Dry
pH 8.1 8.0 8.0 7.9 8.0 7.9
Salinity (ppt) 296 | 334 14.5 29.7 12.8 19.3
Temperature (°C) 30.9 28.7 30.5 28.8 29.5 29.5
D.0. {mg/l) 527 4.46 4.20 5.09 4.14 4.00
Secchi Depth (m) 0.9 1.0 04 0.3 0.3 0.3

Table II.1. Summary of general water quality parameters during the wet and dry seasons
{Maaliw et al., 1989).
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apparently indicate an organic pollution where oxygen demand of oxidizable organic matter
is high.

The mean nutrient levels in the water column measured in several stations within the coastal
waters around Cape Bolinao are presented in Table I1.2.  Stations 11 - 13 are within the
waters of Cape Bolinao (see Figure 2.2). The ranges in mean concentrations for the
observed nutrients are very high. Maaliw et al. (1989) found a low average concentration
of 0.18 pg/l to a very high mean concentration of 34 ug/1 for nitrite. The authors also found
mean concentrations which range from 0.92-26 pg/l for nitrate and 3.27-118 ug/l for
phosphate. Elevated nutrient levels were observed particularly during the wet season. These
relatively high nutrient levels were attributed to domestic effluents, organic and inorganic
fertilizers from agricultural farms and fishponds and leaching from the soil (Maaliw et al.,
1989},

Station NO-N NO,N | PO,PO,
{ug/) (ug/) (ng/m
11 5.39 9.32 6.63
12 8.22 6.59 18.34
13 6.04 4.05 5.30
14 1.94 271 13.37
15 2.39 2.87 15.63

Table I1.2. Mean nutrient levels (data averaged from Maaliw et al. 1989},

2.1.5. Freshwater Influence

The major source of freshwaiter input to the whole Lingayen Gulf are from rivers (see Figure
2.2) which discharge considerable amounts of freshwater during the rainy season and with
a constant lower supply during the dry season. There are five major rivers draining into the
Lingayen Gulf. These include Agno, Dagupan, Patalan-Bued rivers in the south, and
Aringay and Bauang rivers in the east. There are also small rivers (Inerangan, Garita,
Barcadero and Coliat) in the west coast of the Lingayen Gulf which also contribute to the
freshwater content of the gulf waters.

Of particular significance to the Bolinao area is the Balingasay river situated west of Cape
Bolinao. The main river measures approximately 30 m in width and has an average depth



14 HYDRODYNAMICS, SEDIMENT TRANSPORT AND LIGHT EXTINCTION

of 3.5 m near the mouth. Measurement of water discharges during rainy days showed an
average of 71.4 m’ s (high flow) and an average of 16.7 m* 5! (low flow) during rainless
days (EIA, 1994).
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Figure 2.2. Sampling locations of water quality baseline study at the Lingayen Gulf
(Silvestre et al., 1989).

Another source of freshwater supply is groundwater. A qualitative groundwater resource
map for the study area is shown in Figure (2.3). The amount of freshwater supply from
groundwater is generaily less than the total amount of river freshwater in the arca. However,
the almost constant supply of freshwater from underground sources is important in
maintaining the salinity levels in the coastal waters. It should be noted that during the dry
season when rivers do not discharge enough freshwater, the groundwater supply is
responsible in preventing salt water intrusion that can cause adverse effects to near-shore
biota.
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Effects on the hydrodynamics of these freshwater inputs could be experienced during heavy
discharges. In particular, the vertical stratification enhanced by density differences between
freshwater and marine water could induce secondary circulations. In general however,
mixing by the wind and tidal currents after a heavy discharge eliminates the formation of a
permanent density-driven circulation.
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Figure 2.3. Groundwater resources map within the study area (EIA, 1994).

2.2. Meteorology and Oceanography

There exist some semi-permanent climatological patterns within the tropical regions which
have important consequences on the environmental characteristics of the area of investigation.
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The seasonal reversal of the winds during the southwest and northeast monsoon seasons for
instance result in different circulation patterns in the surface waters off Cape Bolinao and the
Lingayen Gulf as a whole. Furthermore, the passage of tropical cyclones in the area have
significant influence on a range of coastal environmental processes. The general features of
the coastal zone could, in fact, be the result of the prevailing meteorological and
‘oceanographical conditions in the area. The generally great amount of precipitation due to
meteorological disturbances in the area can also have significant impact on the general
environmental characteristics of Lingayen Gulf. In particular, the sediments discharged into
the coastal zone during heavy rainfall result in changes in the general water quality, bottom
topography and water levels of the area. External pollution loads including silt, nutrients,
heavy metals carried by rainwater upland have great impact on the coastal zone of the study
area.

2.2.1. Meteorology
2.2.1.1. Monsoons and Sea Breeze Influence

The monsoons are basically reversing wind patterns brought about by the changes in the
general atmospheric circulation and the sea surface temperature in the tropics. There exists
two distinet features of the monsoons in the Philippines. Generally, the northeast monsoon
persists during the months of November until April and the southwest monsoon during the
months of May until October. The northeast monsoon however attains strength during the
months of December until March and transition periods in the months of November and April
are observed. Moderate to strong northwesterly winds during the peak of the northeast
monsoon can be experienced in the area of investigation. The elevated mountain peaks of
the Cordilleras to the north east of the study area seem to block the northeast winds resulting
in an apparent change in its direction over the entire Lingayen Gulf area.

The southwest monsoon generally affects the area of investigation during the months of May
until October but normally attains its peak during the months of June till September. The
rainfall amount during this season is considerable. It is during this season that the passage
of tropical cyclones are generally experienced and changes in the water circulations can occur
due to a complex wind stress pattern as cyclones cross or influence the area of sidy.

Aside from the observed seasonal reversal of the winds due to the monsoons, observations
at a meteorological station near the area showed the influence of the sea breeze. A semi-
permanent mesoscale meteorological phenomenon known as the sea breeze results from the
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-temperature difference between the sea and land. During daytime, when the land is warmed
by solar heating, winds from the relatively colder sea rush onshore producing the sea breeze.

m

35-34 54-79 >8.0
melers per second

Fignre 2.4, Annual windrose diagram representative of the study area (EIA, Bolinao
Cement Plant).

Reversal of this atmospheric phenomenon occurs at night when the land cools down. The
sea, with its relatively higher heat capacity maintains its temperature. This reversed
temperature gradient between the land and the sea produce the land-breeze phenomenon with
relatively weaker winds directed offshore. This land-sea breeze phenomenon prevails within
the area as northwest-southeast reversing wind pattern. Figure (2.4) shows the windrose
diagram (1961-1992) at a nearby meteorological station. A high percentage of occurrence
(14.6 %) for *calm’ wind speeds not exceeding 1.5 m s’ is observed. The highest
percentage is recorded for wind speeds ranging from 1.5 - 3.4 m s' (> 15 %). The
monsoon and sea-land breeze winds generally fall into these categories.
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2.2.1.2. Tropical Weather Disturbances

The Philippines, being an archipelago bounded by the Pacific Ocean to the east and the South
China Sea to the west, occasionally experience several weather disturbances developed in the
two basins. These weather disturbances include the inter-tropical convergence zone (ITCZ),
ordinary tropical depressions (low pressure areas) and severe disturbances like tropical
cyclones,

Of particular significance are tropical cyclones which developed in the Western Pacific Basin
during the southwest monsoon season. Often, low pressure areas develop and intensification
to a tropical storm or typhoon occurs before crossing the Philippine islands. An average of
20 cyclones either directly hit or have significant influence on the atmospheric and coastal
environments of the Philippines. The impact is mostly felt from strong winds and heavy
precipitation. Considerable sediment transport is experienced by the area from eroded
topsoils by surface runoff and river discharges. These can be seen as very turbid narrow
areas near the coasts during heavy precipitation.

2.2.1.3. Air Temperature and Precipitation

Atmospheric temperature and precipitation are two meteorological variables which can have
significant influence on coastal oceanography. Existing meteorological stations close to the
area of study provide some information regarding these meteorological variables.

The atmospheric temperature at the study site has a mean value of 28°C and ranges from
18°C to 35°C (McManus and Chua, 1990). The minimum temperature is experienced during
the month of January and the maximum during the month of April. There is a general
increase in mean temperature from February to May and a decrease during the rainy months
from June to October. Significant decrease in temperature is experienced in November until
January.

Precipitation on the other hand is mostly experienced during the onset of the southwest
monsoon season from May until October. The mean annual precipitation that the area
receives is about 2500 mm. Highest precipitation occurs during the month of August, the
peak of the southwest monsoon season with maximum rainfall of about 600 mm (McManus
and Chua, 1990). A significant amount of precipitation is dumped when tropical cyclones
cross the area in coincidence with the peak of the southwest monsoon.
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2,2.2. Oceanography
22,21, Tides

The marine waters around Cape Bolinao have been reported by Wyrtki (1961) to have diurnal
tides (Figure 2.5). Observations show however that the area generally have mixed tides
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Figure 2.5. Geographical distribution of tides in the vicinity of the South China Sea
(Wyrtki 1961).

with the diurnal components prevailing over the semi-diurnal components. This implies that
there prevails one high water and one low water daily, but temporarily (once in a fortnight)
two high waters and two low waters occur within a day which differ in height and high water
time. Figure (2.6) shows a typical tidal observation at Cape Bolinao which confirm that the
tide is a mixed one with prevailing diurnal components. The tidal range often exceeds 1 m
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at spring tide. Generally however, the area experiences a low tidal range of less than a
meter especially during neap tides.

The tidal constituents responsible for the type of water level fluctuation experienced at Cape
Bolinao are shown in Table II.3 with their corresponding periods in hours. Interactions
between these four major tidal constituents and the topography of the area of study produce
the characteristic curve shown in Figure (2.6).

Type | Tidal Constituent Name T(Hrs)
M, | semidiurnal principal lunar 12.42
S, semidiurnal principal solar 12.00
K, diurnal luni-solar 23.93
O, | diurnal principal lunar 25.82

Table I1.3. Prevailing tidal constituents at Cape Bolinao and vicinity (Wyrtki, 1961).
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Figure 2.6. A typical tidal observation at Cape Bolinao (present study).

2.2.2.2. Water Temperature and Salinity

The surface water temperature in the area of study ranges from a minimum of 26 °C to a
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maximum of 32 °C with a mean value of 29 °C. Normally, the general trend in the water
temperature is slightly out of phase with the trend in atmospheric temperature. McManus
et al. (1992) reported a periodic pattern of temperature with maximum values in June and
July just after the summer and minimum values in January and February during the winter.
Surface temperatures can become temporarily low however during the passage of weather
disturbances in the months of June till October. Temperature gradient in the vertical which
leads to stratification of the water column is experienced particularly in the deeper portions
of the study area but not in the shallow reef waters at Cape Bolinao. These temperature
differences from the surface to the bottom which may have some influence on the
hydrodynamics of the marine waters in the study area are brought about by strong solar
heating at the surface during the dry season and cooling during heavy precipitation. The
later source of temperature gradient may lead to instability in the water column. However,
mixing due to the wind breeze and monsoonal winds tends to stabilize the water column and
slight temperature gradients that may still occur do not contribute significantly to the vertical
stratification and consequently to the instability of the water column.

The salinity diminishes with increasing freshwater input and ranges from a minimum of 26.8
ppt during the wet season to a maximum of 34.6 ppt during the dry season (McManus and
Chua, 1990). Heavy rainfall with strong freshwater discharges from rivers contribute to the
low salinity values. On the other hand, high salinity values during the dry season are
experienced due to minimum freshwater discharges and enhanced evaporation.



Chapter 3

Monitoring the Marine Environment off Cape Bolinao

Monitoring the marine waters around the area of study is an essential part of this research.
The physical processes at the coastal zone, localized and very variable as they are, can only
be understood more clearly from an extensive field and laboratory observational program.
Quantification of variables related to hydrodynamics, sediment transport and light extinction
processes can be obtained from such observations. These measured variables can be very
useful in understanding various physical processes of interest. At the same time, the
modelling studies which are another important part of this research, rely heavily on such
measurements.  Model calibration and sensitivity analyses, in order to arrive at sensible
results, can only be carried out with the aid of accurately determined quantities. The
characteristic time and spatial scales of relevant processes are key factors in the monitoring
program. It is likewise important that observations be carried out long enough to reveal
variability of quantities or processes on longer time scales.

The execution of the observational study both in the field and in the laboratory is described
in this chapter. Description of the general methods used are provided. Detailed procedures
are available in Appendix 1 and some methods which are commonly used are given due
citations.

3.1. Hydrodynamics and General Oceanography

The hydrodynamics of the waters off Cape Bolinao is governed by the interacting wind stress
and tidal forcing. Motion due to density differences from temperature and salinity variations
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are of secondary importance but nevertheless observations are made to establish a complete
data set on the variabies responsible for the complex water motion in Cape Bolinao and
surrounding areas.

3.1.1. Currents

Current measurements were done using the Niskin Winged Current Meter (NWCM Mk II)
(General Oceanics, Inc.). It is a battery-powered self (RAM) recording current meter which
measures current by the angle of tilt of its own housing. The wings of the housing orient
the meter with the current and the direction is determined by a solid-state flux-gate compass.
It uses a vector-averaging method where the internal microprocessor computes the average
east and north components of current from a number of individual readings and records only
those averages in the RAM (NWCM Operating Manual, 1991). The meter incorporates a
real-time clock and uses the Universal Coordinated Time (GMT). When measurements are
taken, an average is recorded with the GMT time (8 hours behind the Local Time).

The speed sensor is a force-balance tilt sensor. With the standard fin of the housing, the
accuracy and resolution of this sensor are both equal to + 1 cm/s. The current direction is
measured with a three-axis flux-gate compass and has an accuracy of + 2 degrees and a
resolution of + 1 degree. The meter was calibrated by the manufacturer before deployment.

For a coherent data set, current measurernents were done together with other necessary
environmental variables (e.g. light, water level, water sampling) in a platform. This was
done for most of the measurements except in deep areas where current measurement was
necessary and hence done independent of other meters. In this case, mooring is done with
an anchor and a float (see Figure 3.1).

It should be noted that current measurements in shallow waters are prone to noises. A
significant part of this noise comes from wave generated orbital movements whose
magnitudes are stronger near the surface. When wind is strong, the wave-induced orbital
velocities can be high and the actual horizontal current measured at the level of the current
meter is not the real long-wave current of interest. Aside from this, the motion of the
mooring line and the float may introduce noises which could mask the actual wind and tide
generated horizontal currents, To overcome such noises, the meter has to be installed in
deeper areas where wave effects are minimal. In shallow areas where most measurements
were done, the meter is fixed to the platform avoiding the effects of the motion of the
mooring line and float.






